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INTRODICTUON

_ ~ The work on this project was carried out over the period of

1 April, 1951 to 28 February, 1953. J

Considerable interest has evidenceWitself since the study of

microbiology was begun to determine the survival or death of organisms

under the influence of nature, as well as physical factors under

laboratory conditions. The reports of these studies are scattered

throughout the biological literature, They have never been collected

in a survey in an effort to bring all of the available data together

for' correlation of the material.

A survey of the literature has been made on the survival and

persistence of microorganisms under varying conditions as follows:

Methods and Materials

•' 1. Information on the stability, persistence or survival of micro-

organisms under natural or experimental conditions may be found in

bacteriology textbooks, scientific biological journals, abstracting

journals and in indices such as the Quarterly Cumulative Index Medicus.

2. A systematic survey of these sources gave as full a coverage of

the literature as possible for this project.

3. The primary sources for material in this project were.

(a) Bacteriology texts by: Topley and Wilson, Zinsser, Dubos,

Rivers, and other texts.

(b) Biological Abstracts

(c) Chemical Abstracts

(d) Quarterly Cumulative Index Medicus

Original articlbs were then obtained from the original journals.
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4. The range of information collected appears in a selected outline

below:

(a) Source

1. Air
bacteria
fungi
microorganisms
rickettsia
viruses,

survival of
persistence of
recovery of

2. Body (as under air)

3. Culture Media (as under air)

4. Food (as under air)

5. Insects (as under air)

6. Pressure (as under air)

7. Radiation (as under air)

8. Soil (as under air)

9. Sul-faces (as under air)

10. Water (as under air)

(b) Organisms (general)
1l.Bacteriapersistence 

of
survival of
recovery of

in water or ice
in air
on or in insects
in soil
in milk
in food
in feces
on surfaces (wood,glassconcrete,etc.)
under natural conditions

2. Microorganisms (as under bacteria)

3. Rickettsia (as under bacteria)

4. Viruses (as under bacteria)

5. Yeasts, molds and fungi (as under bacteria)

m24.



(c) Particular (organisms) diseases

1. Anthrax-Baci'lus anthracis

2. Brucellosis - Brucella abortus, melitensis, suis

3. Cholera - Vibrio comma

4. Coccidiomycosis - Coccidiodes immitis

5. Dysentery - Shigella sa.

6. Encephalitides - viruses

7. Influenza - virus

8. Plague - Pasteurella pestis

9. Poliomyelitis - virus

10. Psittacdsis - virus (and other viral diseases)

11. Tularemia - Pasteurella tularensis

12. Tuberculosis - Mycobacterium tuberculosis

13. Typhoid - Salmonella typhosa

14. Typhus - Rickettsia (and other rickettsial diseases)

15. And others

5. The material in the textbooks was covered chapter by chapter on

each genus or species of organism and original references to the lit-

erature as well as general statements in the text were recorded on a

special form. Information relating to each species was recorded on

individual sheets. Specific references from the body of the text and

bibliography of the chapter were recorded with specific data on a

special form on a 5" x 8" file card.

6. The Abstracting Journals were searched as follows. For each

Biological and Chemical Abstracts, a complete list of the index

titles which might yield information pertaining to the project was

prepared and was used as a guide for searching through each yearly

index. References of apparent value were taken on a form listing
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subject and abstract numbers. After completing a yearly index, the ab-

stracts were checked from the numbers recorded to determine if they

had information on survival and persistence. If not, the reference

was discarded. If questionable, the title was taken to check the

original article. If pertinent, spacific data was recorded on the

face of the file cards and general methods were recorded on the back

of the card.

The original article was obtained wherever possible and read for

further data and to check the data in the abstract for accuracy.

General information on methods was recorded on the back of the card.

References in these articles to original work were recorded on

separate file cards and the original articles obtained and read for

appropriate data and information.

7. The Quarterly Cumulative Index Medicus titles were surveyed and a

list of titles which might yield information pertaining to the project

was prepared. Since only titles of articles, and not abstracts, ap-

peared in this publication, the appropriate titles were taken directly

to the file cards. The original articles were checked as were the

articles found in the abstracting journals, read, and data recorded.

8. The Library of the University of Texas Medical Branch has an

extensive number of domestic and foreign scientific journals. However,

since some original articles appeared in journals not available in

our library, reprints were requested whenever possible from the

authors, or requested from the microfilm service of the Army Medical

Library in Washington, D. C.

9. The cards were filed according to subjects: Air, Body, Culture,

Food, Insects, Pressure, Radiation, Soil, Surfaces and Water with

cross reference cards in each section vbere an article had information
W4-.



on persistence of organisms in or on more than one of the topics listed.

From the cards, the data were transferred to forms, collecting all

of the particular information on one group of organisms together.

This information was then tabulated on multilith stencils and a sur-

vey of the data prepared for each section.

Note here Because of the tremendous amount of data, it has been

impossible to collect it in a form to suit all who may need turn to

it for reference. It is recommended for those who have a particular

iaiterest in one factor affecting the survival of organisms or the

factors affecting the survival of one organism that they use these

tables as a guide and refer to original work in the references for

more complete information.

It is certain that with a large report of this type that one

might, by close reading, be rewarded some misspelled words, some

occasional organisms slightly misplaced and some of the references

listed by wrong volume or page. It should be noted also that the

literature covered in the report is from 1885-1953. During that

time the names of organisms have changed several times with the result

that old or outdated names may appear in certain places in the report.
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THE SURVIVAL OF ORGANISMS IN AERIOSOLS

One of the important methods of transmission of disease producing

organisms is through the air--air borne infections. An aerosol is a

suspension of particles in air, in this particular instance a suspen-

sion of microorganiisms in air. In nature, organisms may get into the

air from the wind blowing over water and soi2, raising microscopic

water particles and dust particles into the air and suspending them

there. Potential pathogens get into the air of human environment

from sneezing, coughing and expectorating as well as from clothes,

bedding, sweeping of floors and other similar sources. Under such

conditions these factors affect spread of infection (1) the organism

virulence; (2) the host susceptibility; (3) effect of environment

on organism preventing or aiding it in survival.

Aerosols of microorganisms may be set up experimentally by man

in open or closed areas to study various factors affecting survival.

These factors may be divided for convenience as to (1) environmental

factors and (2) organism factors.

These aerosols may be of organisms not usually considered as air

borne infection organisms as we usually consider them in nature.

Environmental Factors Affecting:

There are many major and minor factors which may affect the

ability of an organism to survive in an aerosol. The medium in

which the organism is grown and the medium from which it is suspended

for spraying may aid or adversely affect the orgmnism. The growth

medium may supply nutrients for production of active, well-developed

cells. The suspending medium provides osmotic effect as well as

protection against drying too rapidly or slowly, protection against

radiation and other forces.
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¶Te temperature of the air may affect the suriival of an

organism in an aerosol to a certain extent. Usually at higher

temperature lower recoveries may be expected if the relative humidity

(RH) is constant.

The RH of the air is very important in the survival of organisms.

Various organisms may respond differently to high and low RH but

usually at a 50f. RH greater destruction of the organisms result.

At high or low humidities better recovery may occur. As noted,

individual organism types may respond differontly to different

humidity levels. Some organmisms are killed if they dry too rapidly

so low HE levels are detrimental. Others appear to give lower

recoveries if sprayed into very high humidity air. From theoretical

grounds this might be explained on the basis that particles sprayed

into saturated air may act as nuclei of rain drops and precipitate

out or may merely hit one another and form large particles which

stick together and then precipitate out of suspension.

The amount of radiation present affects the rate of organism

survival in an aerosol. Organisms are destroyed in sunlight and

artificial sources of ultra violet more readily than if present in

an aerosol in semi-darkness or in absence of all light or artificial

radiation. The sunlight accounts for a great amount of destruction

of air organisms along with desiccation.

The method by which organisms are rendered air-borne is impor-

tant in their survival as aerosols. In nature, organisms covered

with a film of moisture or soil or oily film of dust will be pro-

tected against desiccation and radiation. In experimental aerosol

production, the type of spray device is of importance. The rate of

spray, amount of shearing force put on the cell and the size of

particle developing will affect survival in the air. Some sprayers
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may destroy the cells by the force of spray; others form large

particles which do not stay air borne for 2ong periods. For

0 infecting animals, particles smaller than 10 micra in diameter

must be formed and viable organisms must be present.

In nature the amount of air movement is important in keeping

the organisms suspended. Also important is the resuspension of

organisms as secondary aerosols by air and wind movement as well as

by human and vehicle traffic.

The method of sampling aerosols is important in evaluating

the results. If present as large particles (over 10 micra in dia-

meter) then they will settle out rapidly and may be sampled on

"drop-plates". Various types of samplez may collect particles within

a certain range--some particles may be too big and others too small.

This must be taken into consideration. As mentioned previously,

particles above 10 micra in diameter are too large to be respired

by animals so that aerosols of particles may be quite viable but

too large to cause respiratory infection.

Organism Factors Affecting:

Each genus and species of organism may have its ownn character-

istics which may protect it from destruction when present as an air-

borne organism. The individual strain of organism sometimes has

certain characteristics which allow it to remain viable more or less

long than closely related strniins axid species. Somae orge;iisms a,1ay

be protected by their presence as a .,pore or by their capsule or

resistant cell wvall. All of these characteristics resist the forces

of nature--desiccation, radiation and temperature changes as well.

Te size Find shape of the organism and rigidity of the col '.'rnl! ai,

•• orvg:is to resist the for-ces presonit in spraying proce(ures.
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The age of the cells (in the growth curve) at the time of

spraying determines to a certa•i extent their resistance to desicca-

tion, radiation and other factors. The length of storage before

spraying may be another factor. The numbers of organisms in the

spray medium and the total numbers of organisms will also affect

the length of survival of the aerosol.

SUMMARY

*Bacillus (Table A 1) B. anthracis spores resisted ozone for 4 hours

and could withstand direct sunlight for days. B. subtilis resisted

UV and remained viable in air for 5-7 days, experimentally. B. an-

thracis apparently survived 200 F. for 24 hours. B. megatherium

was transported for many miles by storms.

*Brucella (Table A 2) Brucella melitensis survived in dust for

30-44 days experimentally. In nature it survived equally long. High

rainfall areas have Brucellosis - arid areas none. Sunlight quite

effective in killing organisms.

*Clostridium (Table A 3) Vegetative cells susceptible to oxygen.

*Corynebacterium (Table A 3) The diphtheria organism survived in

dust for 7-102 days or longer. Orgnnisms found in air from diph-

theria patients. It survived 48 hours in air.

*Lactobacillus (Table A 3) The organisms (L. acidophilus) settle

out of air rapidly (5-10 minutes). Radiation is not too effective

against it.

*Neisseria (Table A 3) The N. meningitidis organism can travel and

infect in wards up to 5 feet in distance.

,Vibrio comma (Cholera) (Table A 3) During the cold months the

organism dries and dies. Experimentally dried in air it may survive

up to 108 hours.
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*Diplococcus pneumoniae (Table A 4) Survives only 42 minutes in

s•alight but 42 hours in dark. RH of 50%1 is very lethal but not

with NaC1 removed. The lethal effect is raised with larger particles

and higher temperatures. Organisms in floor dust for over one month.

Usual survival in air is short but many survive for 48 hours.

*Eschericlia coli (Table A 5) Recoveries up to 25% many be obtained

in air. Faintly resistant to ultra-violet especially with increased

humidity. Cigarette smoke protects from chemicals in air. It may

survive up to 4 years in dust.

*Microorganisms (Table A 6) General factors affecting survival of

organisms at altitudes are presented. Some organisms found up at

70 thousand feet. In experimental studies factors affecting survival

of organisms in general are presented (temperature, radiation, chemi-

cals, air conditioning). Scattered reports are listed for Erwinia,

Hemophilus, Malleomyces, Nicrococcus, Proteus, Pseudomonas and Sar-

cina. Several reports are present for Serratia as follows: The

organism survives as long as one day in air. One report indicates

using nose as sampler. Nose and throat fluids ;ce toxic to Serratia.

Low humidity destroys organism rapidly. neports on Proteus suggest

survival of 2-12 days.

*tycobacterium tuberculosis (Table A 7) Organism survives 8-14 days

in dust and 4-7 days in sputum droplets but 2 months in sputum.

Ulttia-violet and glycols tested against organism.

*Pasteurella (Table A 8) The plague organism dies rapidly on drying

but is infective by air route. The tularemia organism is inhaled from

grain dust to infect.

*Protozoa (Table A 9) E. hystolytica cysts did not survive when air

dried.

*PhaMe (Table A 9) Survives air drying and can be disseminated

through air. (A 5)



*Rickettsia (Table A 9) Typhus may be transmitted through air.

C. burneti is reported in goat barn. Rickettsiae grown in egg

and sprayed survive 30 minutes in air.

*Salmonella (Table A 10) Sprayed into air, the organisms survive

8-24 hours. Higher Rh and temperature lower recovery. Dust pro-

tects the cells and organism survives sun rays for 4-10 hours.

*Staphylococcus (Table A 11) RE of 50% is lethal. Survives 3 days

in air. Ozone not very toxic. Survives in floor dust for several

days. May be quite resistant to 'UV light.

*Streptococcus (Table A 12) Killed by sunlight in 4 hours but lives

in dark for at least 65 hours and perhaps up to 2 weeks. Good sur-

vival in high and how huaidity, but not 50C% R. Infective as small

particles (2 micra). Particles near 12 micra diameter not as in-

fective. Survives in air for 48 hours. Sunlight and UV are detri-

mental. Organisms from air may survive in blankets for 4 months.

TIhere may be 40 per 10 cubic feet of air in hospital wards or up to

378 per cubic foot. Glycols may reduce population 90%.

*Viruses (Table A 13) May be found at high altitudes.

Influenza - Survives in dust less then 3 weeks. P.t RH more

effective in destroying virus then higher RH. Some disagree-

ment, however, exists over RH effect. Virus from air on

blankets survives drying, It may survive many days in air but

glycols and sunlight destroy it rapidly.

Vaccinia - Survives in air 8 hours, being more susceptible to

destruction than Streptococci. Resists radiation like bacteria.

Foot and Mouth - Survives 1 week in outdoor air and in dust.

Smallpox - Seasonal incidence indicates low humidity favors the

disease.

Infectious Jaundice - Virus carried in air by being dust-borne.
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*Yeasts- Molds and Fungi (Table A 14) Some of these species are

found at 10 thousand to 36 thousand feet high. Some may travel 100

9 miles or 300-400 miles or even as far as 1200 miles to infect plants.

Some species isolated 11 1 Resistance to UV is high.

Certain human diseases are affected by low RH and wind to dry and

carry spores (coccidiomycosis) while others need high RI and lower

temperatures such as Sporotrichosis.
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SURVIVAL OF ORGANISMS IN THE BODY AND BODY UATERIALS

The importance of the persistence of microorganisms in the body

materials during life and after death has boon recognized as a major

problem and hazard for a long time. The disposal of body excreta,

tissues and carcasses themselves have been influenced by the realization

that potentially pathogenic orgnnisms might survive in them for long

periods depending on certain factors of nature.

The handling of blood, tissues, and other specimens in laboratories

and hospitals require precautionary measures since some pathogens may

remain alive for a short time and others survive for long periods.

The length of survival affects culture procedures for isolation of the

organisms since the org,nism may die off readily. On the other hand,

some organisms are kept in blood or tissue in the laboratory because

the organisms survive in them for a very long time.

A distinct hazard and problem is the persistence of pathogens

in secretions and excretions such as sputum, urine or feces. The

proper disposal methods depend on orgnnism survivals and persistence

in these materials.

Of interest also is the survival of animal, plant and human

pathogens in meats and meat products or on plants or plant products

which are to be handled or eaten by susceptible individuals or which

are to be disposed of without danger to other susceptibles.

The factors involved in the survival and persistence of micro-

organisms in the body and body materials may be divided into (1) body

or body material factors; (2) factors in nature and (3) organism

factors.

nod& or Body Material Factors Affectin :

Microorganisms may survive in body tissues, fluids or carcasses
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for varying lengths of time. The body materials may on one hand pro-

vide food and protection from outside influences or on the other, may

through pH of stomach or intestine, antagonistic organisms in the

intestinal tract or antibodies or other antibacterial factors destroy

the pathogens. Some organisms will survive for long periods in whole

blood or serum at low temperature. Other organisms will be in tissues

and be viable for long periods. Some organisms expelled in urine and

feces are not destroyed rendily by pH and antagonistic organisms but

will be protected and survive. In sputum some organisms are destroyed

but may survive vell when suspended or dried outside the body. Body

fluids through protective colloids are able to allow organisms to with-

stand forces of nature.

Forces of Nature or Environment Affecting:

Most organisms will persist for longer periods at lower tempera-

tures. At temperatures high enough to allow metabolism to take place,

the organisms will grow but kill themselves sooner with detrimental

end-products such as acids, aldehydes and other substances. The amount

of radiation will affect organism survival, depending on the amount of

protection the cells have by organic matter. Wind and rain can wash

away and dilute the organisms. Freezing and thawing also may affect

the survival of members of cells as well as the heat of the sun if

the organisms are near the surface. Another factor affecting survi-

val of organisms in body materials in nature would be the RH if

exposed to air. The interplay of temperature and RH is important.

If not at soil surface, then the depth at which the body or body

material is buried will affect survival.

organism Factors Affectig.

The general and specific characteristics which are a part of a

(B 2)



particular cell will affect its ability to survive in the body and

body materials. The virulence of the cell and its ability to invade

9 certain tissues are important in determining its presence and survival

there. Its resistance to light and other radiation, heat and cold,

freezing and thawing, desiccation and temperature, and humidity changes

will determine its survival and persistence. Ability to grow at low

temperatures or survive at low temperatures, the presence of protective

capsules or a spore stage or a particularly resistant cell wall and

protoplasm all are important.
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*Bacillus anthracis (Table B 1) Survival data suggest 60-90 days in

blood either moist or dry; in guinea pig blood at 25-30 C. for 1-9

months or at 5-10 C. up to 159 days; the organism may be found in feces

and urine of cases. Skin apparently inhibits the organism. In body

tissue, survival is given for several days up to 9 months, depending

upon condition.

*Spirochetes (Table B 2)

Borrelia - Survival is listed at refrigeration temperature for

100 days in blood, at -48 C for 27 months; in feces for 4 weeks

and tissues for I year.

Leptospira - Survival in blood for 7 days in dark, in feces for

24 hours but in urine for weeks or months. At refrigerator

temperature in tissues survival of 26 days is given but at -20 C.

100 days survival is listed.

Treponema - In blood survival is only for a few hours at body or

room temperature but in refrigerator for several days and at -20

to -78 C. survival of months to 3 years is given. In tissues at

5 C. for several days in bodies. Some tissues may stay with

viable organisms for 7-10 days or longer. At frozen conditions

-10 C to -78 C survival of 2 months to 3 years is given.

Spirillum - Survives 1-5 years frozen and in rabbit blood.

*Brucella (Table B 3) In blood the organisms may live for 3-6 months

or up to 5-9 years depending on reports. In feces, data suggest 100

days in dark or 20 days in manured soil. In a patient the organisms

were found in feces during 16th month of disease. Skin apparently

inhibits the organisms. In urine survival of 6-30 days is listed.

In tissues persistence may be for a month to 7-9 months.
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*Microorganisms (Table B 4)

Clostridlum - C. tetani found in tissues for 4-6 months and feces
-J

for 16 days. Gas gangrene organisms found in wound areas for

five years. Botulism organ.sms found in intestines for 4 months.

Cornebacterium - Diphtheria organisms in blood for 13 years in

laboratory. In tissues for 9 weeks to 4 months and in throats

for 6 months in virulent form.

Erysipelothrix .. Alive in tissues for a month, in sunlight for

lO-12 days end in buried carcass for months.

Hemophilus - H. influenzae survival in blood for a short period

but H. pertussis lived for weeks.

Lactobacillus - Alive for over 5 years in blood.

Malleomyces - From blood and urine remained alive 16-27 days.

Microbacterium - Found alive in blood for 5 years.

Proteus - In blood survivals of 3-9 years are reported. On skin

survival was better than on filter paper.

Pseudomonas - Five year survival in blood is noted and resistance to

drying on skin better than on filter paper.

Selratia - Organisms remained alive for 5 years in blood. Sur-

vivals on skin were better than on filter paper. Drying appeared

to be important in destruction on skin.

*Diplococcus pneumoniae (Table B 5) Studies in blood suggest survival

of a few months when dried on surfaces and of 5-9 years in tubes. In

sputum, persistence of 4 months is reported; when dried on surfaces, a

few hours in sun.light to 30-40 days in dark is reported.

*Bscherichia coli (and coliforms) (Table B 6) Survival in feces in

dark or light, fluid or dried varies with report from 3 days in sun to

over a year or two. On skin organisms alive for a few minutes to hours.

In urine the organisms may live over 100 days. Aerobacter aerogenes in

feces 9.16 days, inhibited by normal skin &nd alive in blood 3-9 years.
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46Metazoa and Protozoa (Table B-7)

Bartonolla - In blood for less than 3 days. Heating and chilling

destroy it rapidly.

Entamoeba - Transient viability in feces stored at high temperatures

(a few hours) but up to 14-17 days at low temperature. On skin

cysts survive only a few minutes.

Necator - In feces plus urine for 2-3 weeks, in feces in lab for

13 months and for 3-7 months in soil. In sunlight destruction was

in 1-2 hours for larvae.

Ascaris - In sunlight for a few hours but in fecal soil for days

to a few weeks.

Trichuris - In fecal material survival of 14 days to 3 months.

Increased temperature destroyed the organism readily.

Trichomonas - In pus for 3 hours and vaginal discharge for over

5 days. In laboratory with gastric mucin survival of 2-4 years.

Trypanosomes - Do not develop in blood of bats at low temperature.

Trichinella - Survives a few hours at sub-freezing temperatures.

Plasmodium - In blood at -50 to -70 C. for 10-15 days.

*•Molds, Yeasts and Pmngi (Table B 8)

N. audoulni - In hair survives for 185-420 days.

Tricophyton - Remains viable in toe scrapings for 300 days.

Coccidioides - In sputum in soil for 30 days as vegetative form

and 240 days as parasitic form.

*Mycobacterium tuberculosis (Table B 9) In blood survival of 14 days

while controls in saline live 10 weeks. In fecal material persistence

of a few days to several months in nature azd 2 years artificially in

fecal material. In pus for 3-4 months and skin for 7 years. Sputum

samples vary in viability from 1-7 days to over 180 days depending on

temperature, light and humidity. In urine it lived for several months.
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In tissues death resulted rapidly in light and when dried but at low

temperatures and if buried survival of 90-167 days reported or even

1-3 years in lung tissue.

*Micrococcus species (Table B 10) (Staphylococcus) In blood for 9-19

years. In feces the effect of sunlight 1s negligible. On skin drying

seems to be the antibacterial factor; low pH affects some while the

presence of dirt or fat seems to protect organisms. In pus organisms

survive at room temperatures for 2.5-3.5 years with no loss in patho-

genicity. The organisms resist pH changes considerably. q__fka may

live in blood for 5 years, Sarcina are killed rapidly in throat.

*Neisseria (Table B 11) The gonococcus stays alive in serum for 7-8

weeks to 16 months. In uretheal discharges the organism lives for a

few hours at room temperatures. Reduced temperature gives longer sur-

vival. In body it may live almost 3 years. The meningococcus may

live in nasopharynx for an average of 6 months. In dried secretions

viability of several days is reported. In blood the Neisseria live

6 weeks to 3 months.

*Pasteurella (Table B 12) The plague organism remained viable for 100

days in blood, 3 months in urine, in tissues reports of several weeks in

carcasses to 1-2 years in refrigerator to 7 years glycerinated at

-15 C. Frozen tissues give 6-42 month survival of P. tularensis and

up to 10-13 years in glycerinated tissues at -14 C. Pasteurella may

live in feces for a few days in nature to several weeks experimentally.

*Rickettsia (Table B 13) Certain of the rickettsia exist for only 12

days in blood refrigerated, others for 95 days at -70 C. and others

for 610 days. In feces survival of 6 years is reported. In tissues

at freezing temperatures viability of nearly a year is suggested, for

almost 2 years with another while at 5 C. 2-3 months survival is re-

corded.
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,*Salmonella Species (Table B 14) In blood under lab conditions survi-

val of 7 years is reported. In feces, 8 days to over 8 months is

listed. On skin survival of 10-20 minutes on clean skin to several

hours on dirty or fatty skin is suggested. Frozen turkey skin harbors

the organism for over a year. In tissues the organisms withstand heat

for short periods.

*Salmonella typhosa (Table B 14) In blood for at least 7 years, one

strain for 18 years, others up to 10 years in virulent state. In

feces for a few days to 5 months with varying conditions. The normal

skin does not allow survivrl but for a short time. In urine for 2-3

days at high room temperatures to 14 weeks. In tissues existence for

140-160 days is suggested.

*Shigella (Table B 15) In feces under varying conditions survival of

a few hours on fruit to over 200 hours in desert to several days and

even up to 113 days in dried feces. In urine at room temperatures up

to 40-50 days. Gastric juice was germicidal.

*Streptococcus (Table B 16) In blood survival of a few weeks (4-8) to

7-19 years is recorded. On skin streptococci survive for 1-2 hours.

In sputum viability may be as long as 150 days. In tissues 3 month

to 6 month survival is recorded.

*Vibrio (Table B 17) In blood the organism exists for 47 hours to 8

days and longer (5 weeks) in blooU broth. In feces under adverse

conditions of PH and sun and temperature viability varies from 24 hours

to 30 days. In urine extremes of 6-40 days are recorded.

wViruses (Table B 18)

Hoof and Mouth - In blood and serum at low temperatures for

several weeks to months for suX-lival and in lymph existence for

over 2 years is listed. In feces survival of 2 months to almost

a year is suggested at low temperature. In tissues viability of

the virus remained for 2-5 months at refrigerator temperatures.
(B 8)



Herpes - Alive only 40 minutes in normal rabbit serum, 10 minutes

in serum plus UV. In brain suspension it lived for 100 hours.

Yellow fever - In blood it was viable for 154 days when frozen

but in blood and liver at -10 C., 2 weeks.

Rift Valley - Long viability in refrigerator at 82 days or 2 years.

In serum survival at refrigerator temperature was longer-1048 days.

Infectious jaundice - In dried fecal dust, the virus lived for

31 days.

Newcastle - The virus was present in chicken feces. Cn skin and

carcass 96 days and in bare and unplucked carcass, 134-196 days

viable.

Psittacosis - In fecal material the virus remained for 10 days.

Poliomyelitis - Fecal material harbored the virus for hours after

passage. Storage at low temperature protected the virus to allow

survival of 7-8 weeks up to 6 months. Virus found in stools from

7th day of disease to 123 days following attack. In tissue sur-

vivals of 20-30 days reported, in nasopharynx for a number of days

(5-9) after onset of disease. The virus remained viable in an

amoeba culture for less than 3 days.

Rabies - In brain material viability of 47 to over 68 days Is

reported. Exposed to liquid air destroyed in 24 hours and at

high and low pH levels in a few hours.

Influenza - on human skin the virus was destroyed in less than

1 hour. In tissues at -30 C.survival was less than 6 months,

lower temperature of -78 C. protected for 6 months in broth and

in rabbit testes for 3 years.

F owlpox - Two year survival in dried lesions reported.
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Vacecinia - The virus from pustules survived up to 8 hours. In

mouse brain survival of 6 months to 2 years is noted. In calf

lymph equal survival is given.

o - In dried crusts, the virus remained for periods over a

year in the light and dark.

Rinderpest - In rabbits and storage viability of 7 days.

Encephalitis viruses - Storage of 1 year in 50f, glycerin, loss of

virulence on drying. If frozen, survives over 3 months. Jap B

in mouse brain survives at -78 C. for 6 months.

Lymphogranuloma inquinale - In rabbit testes survival of 10 months

at -78 C. is reported.

Pneumoenteritis - Loss of virulence on storage is listed at 6 days

if frozen and in 20 days if dried and refrigerated.
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M SUMRVIVAL 00, ORGANISMS IN CSLTUR. MEDIA

One of tq1e fOreost rot1oems in the field of microbiology has

been the culturing ad storage of organisms in the laboratory La

suh manner as to maintain vlab•ilty! as well as their characteris-

ties of sorphology, notabolim and virulence. A mtltitude of re-

ports on this subject have been made from myriads of experiments

with ore or less uwnpiuity of results , The factor3 involved in

the storage of cultures are nwmerouso Several main methods have

been used for maint•anw* of stosk cultures (1) low temperaturea

Storage; (2) drying by lyophlization or other procedure; (3) ex.

Qlusion of air and maintenance of moisture; (4) use of a combinwtion

of the various methodso

The factors involved in survival may be discussed in general as

to environmental factors or organism characteristics.

Envirommenta. Fctors, Affectinr:

2ie tel' acultur media" is used loosely here to cover the

survival of organisms in vitro in media of all types ihether liquid,

solid or drie.d. in.various containers under experimental conditions

primirily in the laboratory,

7he medium In hiach the organism is grown or stored plays an

important role in determining the length cZ sauvival and maintenance

of charazteristics of organisms. The pree of inorganie buffers

protect against extreme pH changes but may on occasion be toxie for.

some oranisums If fermentable carbohydrates are present, toxie

acid9 aldebdeo, alcoholic or other end products might slowly ph .

up ta. ki the organism. Some salts are necessary for osmotic effect

but can be toxia if in layge concentrations in the medimo Vie or.,

gan±i6 ubstamoes in the medium may supply buffering capacity agaimnt
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PH and other changes but way provide in metabolism a source of

toxic and-products.

The physical state of the medium may affect survival time of

organisms. Survival in liquid, on solid surface or in dried state

may vary with certain organisms. The amount of medium may offer

protection against physical forces of temperature and radiation

or oxidation-reduction potential changes which might be detrimental

tc some of the anaerobes particularly.

The temperature of storage is one of the most important factors

in determining length of survival. Organisms maintained at tempera-

tures which allow metabolism of the organism to take place will not

only produce toxic, limiting end-products but will age to become more

susceptible to dAtrimental action of physical and chemical forces.

Usually the higher the temperature the more rapid the death rate.

Low temperature of storage obtained in refrigerators (approximately

5 C.) preventeactive metabolism of most microorganisms and serves

well in maintaining numbers and general characteristics of organisms.

Even lower temperatures have been used, ranging from -5 C. (deep-

freeze) to -75 0. (dry ice) to temperatures of liquid oxygen. In

studies below the freezing point, the rate of freezing is a factor

in the survival of organisms, Usually rapid freezing allows greater

survival. Repeated freezing and thawing destroys many organisms

probably through rupture of cell walls by formation and dissolution

of the ice crystals. Presence of protein in concentration protects

against such destruction.

Desiccation is usually considered as destructive to most organ-

isms. Maintenance of cultures at low temperatures prevents loss of

water content through evaporation. Materials such as cultures at

room temperatures (25 C.) or incubator temperature (37 C.) may be
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sealed or covered by various means including wax or rubber. stoppers

or screw-caps. Lyophilization, drying from the frozen state, has

been exploited as a means of maintaining organisms. The suspending

medium, rate of freezing, rate of drying and subsequent storage

method are important factors in the success of the procedure. Usually

a protein suspending medium with rapid freezing and rapid drying

with the material then being sealed off under vacuum and stored

at refrigerator or colder temperature gives the best results. The

total dryness affects survival since a small amount of water in the

end-products allows deterioration. In some instances inert gas

such as nitrogen has been used instead of keeping organisms under

vacuum. Storage may or may not be at low temperature. The lyophili-

zation procedure may result in the destruction of many organisms in

the preparation but those remaining viable retain their characteris-

ties for long periods without throwing off variants.

Radiation of various types affects survival of organisms in

cultures. Storage of cultures in the dark away from direct or

diffuse daylight allows longer survival. Exposure of cultures to

artificial sources of UV or of other radiation not only increases

the death rate but increases the development of aberrant forms as

mutants.

Removal of oxygen and substitution of an inert gas will prevent

metabolism and allow long storage. The use of sterile mineral oil

over cultures prevents desiccation and excludes oxygen as well, thus

slowing down metabolism and allowing survival for long periods.

Many studies have been made on these various factors affecting

survival for better maintenance of microbial cultures. The cultures

have also been exposed to extremes of temperature, desiccation, pH,

el, radiations, chemicals and pressure to determine the ability of
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different organisms to withstand these forces. Some of these

studies are reported here.

Organism Factors Affecting:

The survival of an organism in culture media is not only

dependent upon the media and other environmental factors but also

upon the intrinsic characteristics of the particular organism itself.

The genus, species and strain are important in that they way have

characteristics providing resistance to physical and chemical forces.

The presence of spores, capsules, especially rigid cell walls or

other cellular components may aid in survival. The presence or

development of more resistant variants or mutants may play a role

in persistence. The rate and type of metabolism plays a part also

in the pile-up of toxic end-products which might destroy the organism

more rapidly. In all survival studies the number of organisms ex-

posed and the age in the growth curve at time of storage or exposure

are important factors in the survival or persistence of organisms.
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SUMMARY

*Bacillus anthracis (Table C 1) Dried cultures survived 40-35 years

with good immunizing property, low temperature kept virulent forms

alive for 8 years. In liquid form survival up to 1877 days in glycerin-

serum at room tempcratures. In sunlight killed in hours. May live

for 11-14 years at 5-10 C. Liquid air killed in 6 hours, liquid

hydrogen 10 hours. on solid media viability apparently low. May sur-

vive sun for 1j-4j hours depending on season.

*Bacillus species (Table C 2) Dried cultures survive for 4-5 years.

Liquid cultures for long periods. Spores resist sun for 5-6 hours.

B. globigii was found to be resistant to heat, gentian violet and

streptomycin. on solid media 8 month survival. At freezing temperature

over 80 week survival noted.

*Bacteriophage (Table C 3) Dried typhoid phage lived for 26 years,

others for 3 years. Resistance to heat aided by dryness. Freezing and

thawing destroys phageo Lyophilization of dysentery phage inactivates

much of the activity. Sunlight is toxic. Coliphage may be active for

7-17 years. When dysentery phage dried, no loss in 6 months. Phage

resistant to pH changes.

*Spirochetes (Table C 4)

Borrelia - At -78 C. the organisms survive for a year. Lyophili-

zing destroys many cells and may live only 192 hours.

Leptospira - Ten month viability in tissue broth at -78 C. In

temperatures of 29-42 C. survival varies upwards from 5 days to

16 months.

Spirillum - In mouse blood at -78 C. for 1 year.

*Brucella (Table C 5) %hen dried, cultures live 4-5 years. In liquid

viability ranges from 15 days to 400 days. On solid media no loss in

8 days. Cn storage colony forms change. Storage at 37 C. shows 4 year
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survival. Sunlight and drying lowers disease incidence. In lyophili-

zing high temperature lowers recovery wthile slow rate of drying gives

better survival. Storage at 2-5 C. yields 80% viable in 100 days.

*Clostridium (Table C 6) Dried cultures live for 3-5 years. Organisms

survive lyophilizing. In liquid form exposed to various changes of

temperature, pressure and pH fair survival is listed. On solid media

Cl. tetani lived for 38 years. Cl. botulinum showed 140 day survival

at 5 C. The spore stage of these organisms protected against high

temperature and sunlight for short periods.

*Corynebacterium (Table C,'?) In the dried state 4-5 year viability

found. The organisms resist sunlight when dried. In liquid media 6

month survival is usual. Organisms resist drying and sunlight well.

On solid media 7-18 month viability reported.

*Erysipelothrix (Table C 7) Vhen dry the cultures live for 4-5 years.

*Diplococcus (Table C 8) In dry form the organism may exist for 4-8

years depending on temperature of storage. Lyophilized strains show

good survival numbers for at least 3 years. Liquid cultures live over

6 months. On solid media viability of 50 days-3 months is listed. Low

pH is detrimental as are temperatures above 56 C.

*Escherichia coli (Table C 9) Survival in dry state of 4-5 to over 10

years is listed. Early studies showed shorter periods. Freezing and.

thawing for lyophilizing destroyed many. In liquid exposed to increased

temperature, freezing temperatures and chemicals, short periods of sur-

vival (in hours) are shown. rn ordinary cultulres at room temperature,

viability over 1 year is found. Increasing salt concentrations des-

troy the cells. Very low temperatures destroy some cells rapidly

(-195 C.). A temperature of 69 C. with high hiumidity is resisted for

7-10 hours. On solid media 91 day to over 11 month survivals are

listed. Sunlight during various seasons is resisted for l to 4j hours.
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Viability for 14 years noted in one instance at RT. in dark. Wide

variations in temperature affect survival.adversely.

* Vicroorganisms (Table C 10)

A.aienes - In dried form, survival of 4-5 years is reported.

Aerobacter - For 4-5 years in dried states 31 days dried on

paper at 37 C. Reports suggest the organism resists alkaline pH.

Hemophilus - Various species including H. gertussis lived for 5

years in dry state. In blood broth at -15 to 20 C. a few hours.

On agar for 4-8 months.

Klebsiella - When dried, survival of 4-5 years listed, in serum at

37 C, 43 days while in sealed tubes on agar 12-13 year viability

has been demonstrated.

Lactobacillus - At 37 C. in dry state poor survival but at lower

temperatures 3-4 year survival Is shown. It resists liquid hy-

drogen for 7 hours and -10 to -80 C. for long periods. Rapid

freezing aids survival. On solid media, 2 year viability was found.

Proteus - When dried, 4-5 year survival. In liquids good survival.

was reported. On solid media, 8 month viability found for some,

4-5 years for others and 19 years when on agar in sealed tubes at

R.T.

Pseudomonas - Survival similar to Proteus, 4-5 years when dried,

in liquid and on agar good survival found. It is slowly destroyed

by pH up to 11.5.

Flavobacterium - In liquid melia at -5 to 15 C., survival of less

than 77 days revealed.

Achromobaeter - Grows at low temperatures (0 C).

Azotobacter - Viability of 10 years on dried dextrin agar is

reported.

MalleoMyces - At low temperatures of 1-4 C. under vaeui i, 25 mo:-th

survival is listed. ( 7)



Erwin.ia - Low RE aids survival in exudates.

*Microorganisms (General) (Table C 11) Generalizations on effects of

temperature, freezing, drying are given. Better survival with cover-

ing of paraffin oil is indicated..

4Wycobacterium (Table C 12) In dried state reports vary from 6-12

months to 4-5 years and one report of 17 years following vacuum desic-

cation. In liquid preparations, reports of several months to several

years are reported. On the various isolation media, 4-8 month survi-

val up to 6 years is listed. Low temperatures gave poor viability.

Drying gives good survival. Low pH destroys but not too rapidly.

*Neisseria - (Table C 13) These organisms are very sensitive to drying

and sunlight. Under freeze-drying conditions, 4-5 years of survival

listed and up to 18 years in others, But in nature in sunlight only a

few hours may 1:111. Liquoid e21 ultures of the meningoeocous at low tem-

perature (frozen) survive for months and up to 2 years. In serum, 16

month survival is listed. On solid media it lives for 8-27 weeks at

low temperatures. The gonococcus survival is poorer except mhen dried,

4-5 years up to 18 years. In liquid media 7-8 week survival is listed,

PH of 7.4-7,6 allow best survival. On solid media, 8 month viability

is given.

*Pasteurella (Table C 14) Dried ma'Uerials live 3 to 4 days then not

in sun, 3-4 hours in sun. When dried in lab for stock, 4-5 year sur-

vival obtained. Liquid materials of P. pestis may survive a few

months at freezing temperatures. Solid media survival of 20-25 years

is reported. P. tularensis may live for months in frozen conditions.

Other Pasteurella strins have somewhat similar persistence character-

istics.

*Protozoa and Metazoa

Entamoeba - Three day to 3 week viability in Ringer's and other

solutions and 10 days in powdered starch medium.
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Plasmodium - In chicken red cell suspension, 72 hours without loss.

Trichomonas - Survival of 4-13 days at 25-37 C. in media; at low

temperature, 2-3 week survival. only 6 hours when dried.

T=ypanosomes - In blood agar tubes, various species lived for 3-4

months at 25 C.; survival varied at freezing temperature of a few

hours to a few months.

Schistasoma - Ten to 18 day persistence in vitro in serum.

Leishmania - Four montb persistence in blood agar at room temperature.

Ascaris - Freezing temperatures inactivated in 6-20 days; high

temperatures (60-70 C.) destroyed in a few minutes.

*Rickettsia (Table C 16) For lyophilizing, surcrose was found effective.

At room temperatures survival of a few hours to 1 week are recorded;

at refrigerator temperatures, 2 week viabi..ity is listed while at

freezing temperatures near -20 C, several month viability is found.

With glycerol added, 10 month at -10 C. is reported.

*Salmonella species (Table C 17) When dried at natural temperatures

several hours of viability is found but lyophilizing allows viability

of 4-5 years or as long as 10 years. In liquid cultures, 3-4 weeks is

the usual report with occasional suggestion of 12 month viability. On

solid media survival of nearly 2 years on blood gelatin and 98 day

viability on gelatin are reported.

*Salmonella typhosa (Table C 18) When desiccated, thin layers survived

5-15 days and thick layers lived for months. In liquid media such as

saline survival over 6 days was found, at -20 C., 4j months are listed

and 10 years in tryptic digest. Resistance to liquid air, ultra vio-

let, heat and freezing are given. On solid media, 91 day to over 8

month resistance was found. Other survival of 3 years to 8 years is

listed on artificial media at room temperatures while lyophilized

strains survived for about 4 years.
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*Serratia (Table C 19) Lyophilized strains lived for 4-5 years. In

liquid, marscescens may survive for 20 years. Cetrifuging destroys

cells as well as radiation from the sun.

Si__ella (Table C 20) Desiccated organisms may live only 20-25 days,

but lyophilized cultures live for 4-5 years. Liquid or agar cultures

may persist for 3-5 years. The organisms may live at 37 C. for 2

weeks. Sunlight destroys cells in a few hours but cultures remain

viable for 900-1500 days in the dark*
*Staphylococcus (Micrococcus) (Table C 21) Dried cultures have remained

viable for 30 years. Stock lab cultures on media sealed remained alive

for 11-12 years. At room temperatures, cultures remain alive for lj-2

years. Lyophilized strains were alive for 4-5 years. Exposure to

saline, freezing, vacuum drying, extreme freezing temperatures result

in lessened survival.

*Streptococcus (Table C 22) Dried cultures may live over 97 days but

if lyophilized, viability of 4-7 years has been reported. Liquid cul-

tures may live 30-60 days, if tissue added then lives 11-12 months,

On solid media sealed tube cultures lived 11-12 years. Increased

humidity over cultures lowers survival from 3 years to 8 weeks.

*Treponema (Table C 23) When dried under varying conditions of humidity

and temperature, the cells were killed in several hours to several days.

Survival at freezing temperature in media for several weeks to 2 months.

At sub-freezing temperatures survival of 1-3 years was obtained Then

tissue added. Exposure effects of heat, pH changes and freezing tem-

peratutres are given.

*Vibrio comma (Table C 24) Dried preparations survived 4 years. Ly-

ophilized preparations were viable for about 4-5 years. Liquid cul-

tures lived for 4-5 weeks. On solid media lived under lab conditions

for 6 weeks to 20 weeks. Some agar cultures dried, lived only 2-11 days.
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At extremely low sub-freezing temperatures, viability for over a year

was found.

* *Viruses (Table C 25)

Herpes - Dried virus at -5 C. survived over a year; at 37 C. for

2 months. Lyophilized, survival given at 4 weeks only. Liquid

preparations at 37 C. for 100 hours and at 42.5 C. for 30 to 80

hours. UV radiation destroyed in 10 minutes. At -70 C. viabili-

ty of over 1 year was found.

Hoof and Mouth - In dried form survived high temperatures for

short periods. Ten day viability at room temperature is listed.

In liquid preparations such as blood 2-5 days viability found; in

buffered lymph over 2 year viability, high pH and repeated freez-

ing did not destroy in 124 days. In solid media, 162 day survi-

val is reported.

Influenza - Dried in talc for 30 minutes destroyed virus. Lyophi-

lized, viable and infectious for 14 months. At -78 C. viability

of 6 months to 3 years is noted in broth plus tissue. At -20 C.

less than 6 month survival is recorded. Low pH was found to be

detrimental. Temperatures over 40 C. destroyed the virus quickly.

Poliomyelitis - When dry, 52 C. for 30 minutes necessary for des-

truction. In glycerin, survival of 6 years is reported by one,

others report over 2 year survival in glycerin. Concentration of

glycerin and storage temperature are important. At 38 C., virus

destroyed in 7 days.

Smallpox - Dried and stored at 37 C., 80 day survival but at 4-6 C.

only 24 hour survival. In media, viable only 30 minutes at 35 C.

Vaccinia - Dried virus at 4 C. lived 12-18 months; 229 days when

dried, temperature not given; lyophilized, lived for 10 months.

In glycerin, at -70 C. 21 month survival, at refrigerator tempera-

ture it was avirulent in 12 months. In lymph for 2 years; in
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allantois at low temperature, for 15 years. Dry lymph in tropics

survived for 18 years.

Tobacco Mosaic - When dried it remained active for many years.

Laryngotracheitis - The virus remained active for 3 years follow-

ing lyophilization and storage at 4 C.
Lymphogranuloma inguinale - Ten month viability has been reported

for the virus in rabbit testes in infusion broth at -78 C. At

37 C. viability of 2-4 days reported with 56 C. destroying in 10

minutes and -70 C. allowing viability for over a year.

Lymphocytic choriomeningitis - Frozen dried material at 5 C.

rem1ninw antive forw n ' a year.

Meningopne'umonitis - Viability for 3 years in broth plus tissue

at -78 C.

Encephalitis, St. Louis - Froven dried preparations at 5 0. were

active for over 833 days. At 40 C. and pH 8.4, 3 week viability

was found. Heat at 56 C. for 30 minutes necessary for destruction.

Encephalitis, Jab B - In tissue plus serum at -20 C., 6-12 month

survival reported. pH levels above 7 inactivated the virus rapidly,

60-70 C. destroyed it in 10 minutes.

Encephalitis, equine - Acid pH inactivated it readily as did alka-

line pH levels.

Enteritis - At pH 7, the virus survived only 20 days.

Measles - In 50% glycerin, the virus existed for at least 3 months.

d - At -20 to 30 C., the virus was viable for only 6 months or

less. Acid and alkaline pH levels inactivate readily.

Newcastle - In 50%/ glycerin at pH 7,6, the virus was viable for 95

days at 25 C. and at 5 C. was viable for a year. At 37 C., one

report lists 126 days of activity.

Psittacosis - Viability in broth for 29 days at lab temperatures,

while at -70 C. for over 2 years active virus was present.
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Rabies - The virus is apparently quite stable, surviving 56 C.

for an hour, -185 C. for 3 months and living at 25 C. for several

weeks. Extraction with ether at -65 C. still gives active virus

after 1 year..

Coxsackie - Temperatures of 53-55 C. for 30 minutes inactivate.

Acid and alkaline pH levels inactivate in I day.

Yellow Fever - Aqueous suspensiorsare viable for 10 days, with

glycerol, 8 months viability is found. Dried and frozen the

virus is active for years.

Comox - At sub-freezing temperatures survival of 1-4 days is

revealed.

Rinderpest - Desiccated virus viable for 15 days. In tissue at

4 C. over 4 month survival.

"Cold" virus - At 4 C., the filtrates are active for 3 days, at

10 C. for 27 days and at -76 C. for 2 years.

*Yeasts, Molds and Fungi (Table C 26)

Actinomyces - Dried cultures survive from 1-5 years.

Saccharomyces - When dried the cells are quite resistant. Ten

month survival in plaster of paris. Lyophilized cultures were

viable for 1-2 years. In liquid cultures survival of 5 weeks to

over 160 weeks at -15 C. are reported. In 10% sucrose, 8-10 year

viability found. On solid media at -70 C., survival of a week is

listed. At -10 C. over a year survival is reported while at 37 C.

5 month viability was found. Some grow at refrigerator temperatures.

Aspergillus - At sub-freezing temperatures survival of 4 days was

observed, while at 7 C. on agar over 2j year viability was found.

At 25 C. in the dark, 6 year storage was reported for one while

others lived 10-16 years.

Epidermophytes - Survied for several weeks at sub-freezing tem-

peratures. (C 13)



Blastomyces - Over 20 months at 25 C, on agar covered with oil.

Candida - Survival of 20 months at 25 C. on agar covered with oil.

Coccidioides - On agar at 25 C., survival of 20 months when

covered with oil.

Cryptococcus - Recovery of 20 months on agar slants covered with

oil stored at 25 C.

Nocardia - 20 month survival observed.

Streptothrix - 420 day survival reported.

Others - Many fungi such as Penicillium, Rhizopus and others sur-

vived over 2* years on agar at 7 C.
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SURVIVAL OF ORGANXSMS IN FOOD

One of the main avenues of invasion of disease producing

organisms and toxins is by the oral route. Many, but not all,

pathogens can infect this way and not all of those that enter by

that route are true intestinal pathogens in the strict sense of the

word. Poliomyelitis virus would be an example.

Food such as green vegetables and fruit may get contaminated in

the gardens from fecal material or handling. If eaten raw without

proper washing the organisms of typhoid, dysentery and certain para-

sites of protozoa and worm types may cause infection.

One of the major methods by ihich pathogens get into food is

by improper, unsanitary methods of handling. In one way or another,

the organism in fecal material or other excreta get from humans or

anTm~as into the food. Very few withstand mild heat. Proper cooking

would destroy all of the potential pathogens.

In some instances, the pathogens are present in animal materials

used as food. That is the milk, milk products or meat may contain

animal pathogens with which the animal is 1nfected. Some of these

pathogens may also infect humans. If the organisms persist in the

milk products which are not treated by pasteurization (milk) or

proper cooking as in the case of meat, the infection may occur.

Sometimes the pathogens transmitted by the milk or meat are from the

food handlers and not from the animals at all.

A few of the potential pathogens may actually grow in the food.

This increase in numbers of organisms may result in such numbers.as

to cause "food poisoning" when eaten. Examples would be Salmonella

organisms. A few such as the Staphylococcus and Cl. botulinum or-

ganisms produce toxins in the food which also cause "food poisoning*.
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The factors affecting survival of organisms in food may be

grouped as to (1) food factors affecting and (2) organism factors

affecting.

Food Factors Affecting:

The general type of food product will affect the survival of

any organism in it. Particular characteristics would be: (1) amount

of moisture present to allow or prevent multiplication of the or-

ganism; (2) presence or absence of antagonistic organisms; (3) the

use of the food by the organism as nutrient increasing the number

and for producing detrimental end-products for survival; (4) the

pH of the food; (5) the presence of inhibiting quantities of sugar,

salt, spices or other preservatives; (6) the temperature under

which it is stored; (7) if frozen, the rate of freezing and (8) the

anouz±L uo light or radiation.

Organism Factors Affecting:

An organism may survive or persist in foods for varying lengths

of time depending upon (1) the inherent resistance of the genus and

species under test; (2) the particular strain of organism studies;

(3) the presence of a protective stage of the organism such as a

spore; (4) the presence of a protective covering on the cell, such

as a capsule; (5) the age (in the growth curve) of the inoculum;

(6) the numbers of organisms inoculated; (7) the ability of the

organism to multiply in the food under the conditions presented.
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SUMARY

t *Bacillus (Table F 1) Bacillus anthracis was found to survive in milk

for 10 years, was present on oats and on corn roots for 50 days and

beans for 6-11 days. Other Bacillus species were found commonly in

margarine and to survive on fruit for long periods at low temperatures.

*Brucella (Table F 2) In milk the bovine strain lived for 5-10 days.

In sheep milk persistence of 22-40 days was observed at refrigerator

temperatures. In dairy products such as butter, 142 days survival and

with cheese, 1-2 months most common but as long as 1 year was listed.

Ice cream kept for 5-7 years at -23 C. still had Brucella present, In

unsmoked ham survival of 21 days was reported. Brucella survive for

an hour in wines and up to 3 days in beer.

*Clostridium (Table F 3) The organnisms are present in cheese and

other milk products, on vegetables, meats and on fish, usually in the

spore states. Clostridium botulinum was able to exist for over 2

years on vegetables at -16 C. as well as a large variety of foods at

similar temperatures. Low pH inhibits the organisms as does high

temperature.

*Colif~or, (Table F 4) The organism may be present in milk and dairy

products for long periods depending on pH and temperature. Some

cheeses harbor it for 12 months or more. In frozen eggs E. coll re-

covered, even after 5 years. It is present in sea foods and may live

in sausage for 13 days. Vegetable surfaces may have the organism on

for long periods. Storage at -4 F. allowed survival for a year. Fruit

surfaces are also contaminated and can live for 2-4 months at low tem-

peratures. Beverages such as milk and beer may have the organism

present.

*Micrococcus (Table F 5) Micrococcus species were present in milk,

eggs, meat, sauces, on vegetables and fruits. Some 56% of margarine
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samples had Micrococcus species present. In eggs at -9 C. survival for

1 year is listed. In meatsurvival of over 60 days at 22-37 C. was

reported. Some survival of 16-144 hours in mayonnaise was found even

at low pH. on vegetables at -17 C. 8 month survival is reported.

Fruit at -18 C. contained organisms for 6 months while Juices at -4 C.

lost viable counts at 50 hours.

*Microorganisms (Table F 6)

Cor~ynebacterium - In frozen cream for over 4 days, butter for 1

month and sausages for 24 hours.

Lactobacillus - Present in milk for long periods and on peas for

over 2 years at 15 F.; in butter for 275-462 days.

Rickettsia - In milk for at least 24 hours and probably 7-30 days.

Cheese for 46 days and butter for 41 days.

Achromobacter - Viable in butter for 239 days.

Bacterium linens - 4 month survival in cheddar cheese at low tem-

perature and pH.

Trichinella - In pork, survival for a few minutes to 36 hours at

sub-freezing temperatures.

Pasteurella tularensis - Present in grain and food contaminated

with rat excreta.

Pseudomonas - On plants for 69 days.

Proteus - In fruit Juices at sub-freezing temperature for almost

a month.

*Nicroorganisms (General) (Table F 7) The general effects of low tem-

perature in keeping bacterial flora of milk and milk products low are

given. Similar reports are given for eggs. Temperature and humidity

effects on survival in meat are shown as well as temperature reduction

of organisms in fish. organisms were present in frozen vegetables for

over 4 years at -18 C. Temperatures of 65-80 C. did not destroy or-

ganisms* Low temperature and moist soil plus organic matter allow
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pathogens to survive. On fruit surfaces many organisms may be present.

They survive at low temperature for long periods up to 3 years. Low

pH destroys them rapidly.

*Xycobacterium tuberculosis (Table F 8) In milk, survival of 10 days

to 2 years is listed. Low temperature allows long survival. Sour

milk destroys organism. Temperatures of 60-80 C. hill rapidly. In

dairy products at 15-22 C., 2-30 day viability is listed depending upon

pH. Cheese may harbor the organism for 2 weeks to nearly a year de-

pending on type (of cheese). Ice cream kept for 4-61 years yielded

live organisms. The organism survived pasteurization in butter.

Several reports on food suggest that fat protects organisms.

*Salmonella species (Table F 9) The major proportion of reports on

organisms in food dwells on Salmonella species. In milk, Salmonella

types may suarvive at refrigerator temperatures about 17f)-324 dnys'

Many experiments with lowered pH show decreased survival. At pH 4.7

for 11-63 days and pH 4.2, no survival. Different species and strains

vary as to sensitivity to acid. Sterile milk plus Salmonella give

good survival suggesting antagonism may destroy them. In dairy pro-

ducts such as butter 117 day survival is suggested, for curds only

48-96 hours, for ice cream about 6-7 years at -23 0., in butter 49 to

212 days, buttermilk for 10-15 days, cheese for 24-30 days or even to

6-10 months, depending on the species arid inoculum size.

In eggs at -1 to -18 C. some 11 month survival reported, while

dried egg at 35 F. allowed viable forms at 65 weeks. Egg albumin was

contaminated almost always and the organisms lived for 20 days at

120 F.

In meats of all types, Salmonella were present in some 1 to 26%

of samples. In chicken at -25 C., 270 day survival is listed. In

corned beef, 60 day viability is given. In oysters, 4 to 24 day sur-

vival is given. In other sea foods 4-40 day survival was found at
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low temperature.

In sauces such as salad dressing, survival of 1 to 144 hours was

found. In cereals and breads 4Q-6 month survival. On vegetables

Salmonella may stay for a few days to several weeks at body and re-

frigerator temperatures or up to 25-31 days at room temperature.

Several reports suggest 200 day-3 year persistence in canned vegetables.

In frozen foods, 12 week survival. On greens for salad, 12 hour to 21

day survival has been observed. In or on fruit these organisms live

for a few days in low pH juices or as long as 1-3 months in frozen

fruit or for 68 days on surfaces. In beverages survival of Salmonella

may be for 38 days or more in cold beer or for 1 hour in wine,

*Shigella species (Table F 10) In milk at refrigerator temperature,

18-27 day survival is listed with 53 days in pH 4.8 milk but only 3

days at lower pH. In milk products survival varies from curds with no

survival to butter at 18 day viability. Cheese may harbor the Shigella

for 9 days. Eggs may be contaminated for 3 months at -9 C. Meats con-

tain viable organisms for over 3 weeks* Cereals and bread may have

Shigella present for 1 day up to 45 days with decreasing temperature.

Fruit have been contaminated for 2-10 days.

*Streptococcus species (Table F 11) Some of these organisms are quite

common in milk, but length of survival apparently is not too long. Re-

ports suggest 8-48 hours in fresh and sterilized milks. In dairy pro-

ducts pyogenic streptococci have been found for varying periods such

as in cheese from 9 days to over 18 weeks depending on type of cheese

and in butter for 17 days. Other streptococci may exist for 6 months

in butter. Ice cream may be contaminated for 12 hours to 18 days.

Eggs may contain these organisms for a few hours while meats have been

harboring them for 13-60 days. Frozen vegetables may have strepto-

cocci in them for a year.

(F 6)



*Vibrio species (Table F 12) The cholera organism survives in milk

for short periods of a few hours at room temperature to 8 days in

sterilized milk. In dairy products such as butter. viable organisms

have been found for 21-over 98 days with low temperatures extending

the period of survival. Cheese does not allow very long survival with

reports varying from 8 hours to 4-5 weeks. Curds and whey showed poor

survival. In fish eggs/the vibrios lived from 12 hours to over 8 days

at low temperatures. The organisms were present in various fish and

meat preparations for varying periods. In fishthe usual survival was

for a few hours to a few days. When salted and/or at low temperature

low viability was found in fish. In meat a report of 45 weeks was

found but another report suggested 2 weeks at 3-8 C and 7-10 days in

hot weather. The vibrios survive in sauces from 1 hour to about 24

hours. In cereals, 8-15 hours and on vegetables, for 4-5 weeks; on

fruit as long as 4 days are also reported.

4%iruses (Table F 13)

Poliomyelitis - The virus resists heat in milk better than in

water. In butter, 91 day viability was observed. The virus was

found on fresh fruit and vegetables.

Foot and Mouth - The virus has been found in milk. It exists in

beef at -4 C. for 24 hours and at -20 C. for 4 months. Some re-

ports of its presence on cereals suggest 4-20 week persistence.

Newcastle - In eggs, survival of 126-538 days is listed. At 36 C.

over 100 days and at 3-6 C. over 500 day survival was found. In

mash, 56 to over 538 day viability was observed. At pH 5 and 37 C.

56 days was the extent of persistence while at pH 5 and 3-6 C.

over 500 day existence of virus was observed.

Fowl Pox - In dried eggs, survival of 1928-3598 days (10 years) is

reported.
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Encephalitis* JaE B - In eggs at 4 C. only 6 hour survival was

found.

Pigeon Pox In dried eggs,viability of 1099-3605 days has been

demonstrated,

*Yeast and Mold (Table F 14) Yeasts are reported in milk and in

margarine (46% of samples). Vegetables contain yeasts after being

frozen but 90g are destroyed. Yeasts survive for 7 months to 3 years

on or in fruit at low temperature. In foods,.in generzalJyeasts survive

3-15 months.

Molds or fungi may be found in 42g of margarine samples. In or on

vegetables they nay live for 16 months but 90% are destroyed by the

freezing process.

On fruit or in fruit juices at low temperature, viability of 7

months to 3 years has been demonstrated.
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SURVIVAL OF ORGANISMS IN OR ON INSECTS

The duration of survival of potentially pathogenic as well as

saprophytic organisms in or on insects of various types has received

considerable interest. Some insects have been found to play an

important role in the transmission of certain diseases. Below is

given a classification of arthropods and the diseases in which

they play an important medical role. The common names for the

insects are given within the parentheses and the list of diseases

in which the particular insects play a role are capitalized.

CLASSIFICATION OF ARTHROPODS OF MEDICAL IMPORTANCE

PHYLUM-ARTHROPODA

I. Class - Insecta (Hexapoda) - insects

A. Order - Orthoptera (cockroaches)

B. Order - Hemiptera (true bugs)

1. Triatoma spp. (reduviid bugs) - CHAGAS DISEASE
2. Bedbugs

C. Order - Anoplura (sucking lice)

1. Phthirus u (pubic or crab louse)
2. Pediculus humanus capitis (head louse)
3. Pediculus humanus corois (body louse) - EPIDEMIC

EA NFEV EPIDEMIC TYPHUS AND TRENCH FEVER.

D. Order - Coleoptera (beetles)

E. Order - Siphonaptera (fleas)

i, Xenopsylla cheopis (rat flea) - PLAGUE, ENDEMIC TYPHUS.
2. Ctenocephalides ca-is (dog fleas) - DIPYLIDIASIS and

3. Tunga penetrans (Chigoe flea).

F. Order - Hymenoptera (bees and wasps)

G. Order - Lepidoptera (butterflies and moths)
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H. Order - Diptera (flies & mosquitoes)

1. Aophees spp. (mosquitoes) - ALARTA and FILARIASIS
2. ]T-e7ffp. (mosquitoes) - FILARIASIS and ENCEPHALITIS
3. Aedes spp. (mosquitoes) - YELLOW FEVER, DENGUE FEVER,

an7 VII ARIASIS

4. Mansonia spp. (mosquitoes) - ENCEPHALITIS and FILARIASIS
5. Culiseta spp. (mosquitoes) - ENCEPHALITIS
6. us spp. (mosquitoes) - JUNGLE YELLOW FEVER
7. irSimlii -spp. (black flies) - ONCHOCERCIASIS
8. Phlebotomus spp. (sand flies) - SANDFLY FEVER, VERRUGA

PERUANA and LEISHMANIASIS
9. Culicoides spp. (biting gnats) - MANSONELLIASIS, and

CARTHUILONEMIASIS
10. sops spp. (deer flies) - TUELAREMIA and LOIASIS
11. spp. (tsetse flies) - AFRICAN SLEEPING SICKNESS
12. 7Tippelates spp. (eye gnats) -YAWS

II. Class - Arachnida

A. Order - Acarina (ticks and mites)

1. Ornithodorus spp. (soft ticks) - ENDEMIC RELAPSING FEVER
2. JDermacentor pp. (hard ticks) SPOTTED FEVER, TULAREMIA,

COLOADOT FEVER, and TICK PARALYSIS3. Txodes spp. (hard ti".ks) - TRUSTAN PRTNn-

ENCEPHALITIS
4. Rhlcephalus spp. (hard ticks) - FIEVRE BOUT0NEIUSEand KENYA TYPHUS
5. Trombicula spp. (mites) - SCRUB TYPHUS
6. A!I3Fayssus spp.(mites) - RICKETTSIALPOX

7. S spp. (scabies mites) - SCABIES
8. rd onssus spp. (tropical rat mites)
9. Eutramhlcula spp. (chiggers)

10. Memodex spp. (follicle mites)
ll. WeRculoidez spp. (grain itch mites)

B. Order - Araneida (spiders)

1. Latrodectus spp. (black widow spiders)

C. Order - Scorpionida (scorpions)

There are some 10,000 kinds of mites, ticks and insects which

affect man with bites or allergic reactions and infect man with one

or another type of disease. Some of these "insects" carry disease

by accident or only occasionally. Some of the diseases are not

directly man to man through insects but may be carried among

cattle and other livestock as well as wild animals, then from these

reservoirs back to man.
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Some insects are considered only as mechanical carriers. This

is where they walk over infected material and/or eat the contaminated

materials and then transfer the infectious orgaiism by defecation,

vomiting or merely crawling over food or susceptible host. Other

insects act as mechanical vectors by picking up organisms when

biting an infected human or animal and carrying on itself until it

bites a new host.

A different and more complex relationship exists in some insects

where the organism grows or multiplies in the insect and then is

transmitted. In certain insects the organism may go through the life

cycles and continue to be infectious following defecation or vomiting.'

In a few instances the parasite may go through a portion of its life

cycle in the insect before becoming infectious for humans or animals.

This typp nf relationship i- difficult to aLsess in survival and

persistence studies undertaken here.

The organisms carried by insects may be viruses, bacteria,

fungi, protozoa and even the larger roundworms and tapeworms. Some

are transmitted by the insect. Experimentally, some insects have

been contaminated with organisms and the rate of survival studied

but under field conditions the organism may or may not ever be

found to be associated with insects in general and the one under

study in particular.

The following thbleq list numerous pathogenic and saprophytic

organisms found associated with insects. For the most part, data

on medically Important microorganisms are presented. In some cases

organisms closely related to the pathogens have been included for

comparative purposes. Wherever exact data on inoculum size and

recovery rate in experimental studies were available the information

was recorded. Experimental transmissions or survivals have been
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noted as such (exttl.). Where studies were made under field

conditions and the organism was found, recovery has been recorded

as "presnt" Where no numerical figures or quantitative studies

were available and the organism was found, recovery has also been

recorded as "presentV In some instances studies were made to see

if the insects could transrmt a particular disease organism. If

the results werc positive it has been recorded as "transmitted".

Factors of Nature Affecting:

The climate, namely temperature and relative humidity play

a role in survival of some organisis on insects. Low RE aEnd high

tenmperature adversely affect many organisms. The seasons of the

year as well as rainfall are important. Some diseases are not

important in certain areas because the insect vectors cannot

survive or live there. Certain factors such as presence of food

and favorable climate as well as intermediate hosts are important

in the survival of the insect as well as the organism.

Factors of Insect Affecting:

Insects vary in their importance as vectors of pathogenic

organisms because of their living habits. Some do not live near

places where the organisms exist. Others while living close to

humans and their organisms do not feed on contaminated material

whether it be food, excreta or by biting or sucking on infected

hosts. Thus, they do not play an important role as vectors. Some

organisms are carried by some insects for varying periods but are

not transmitted for various reasons such as the numbers might be

too small, or the organism must be transmitted into the blood

stream and the insect does not bite or the organism is not in the

biting-parts. Some insects do not provide proper food or conditions
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for survival of the orgonism. It rmight contain antagonistic

chemicals as well as other antagonistic organisms which would

prevent survival.

Factors of Organism Affecting:

The inherent properties of an individual genus, species and

strain may determine whether it survives in or on a particular

insect for any length of time. Priesence of a spore or capsule or

other resistant cell components help in survival or persistence

of the organism. Some cell walls are more resistant to the drying

conditions of air and aid in persistence of the organism when on

insects. Other orgrnisms can grow in insects thus providing

greater numbers and longer survival. Others may resist insect

digestion mid antagonistic organisms for survival while others

~y pns into new gcncrations by tranLovailizt pa~ag•.

SUMUAMY
**illuS (Table ) The important organism of this group (B.

anthracis) was studied in bedbugs, beetles, cockroaches, flies and

ticks. It was found present in bedbug feces, experimentally it

remained in stomach and feces for 24-96 hours. In beetles the

organism was reported present as was true for cockroaches. The

organism was found present and could be transmitted by flies, passing

through the life cycle. This was true also in ticks, the organism

being in feces for at least 100 d.

**Borrella (Table I 2) Organisms of this group are reported in bed-

bugs, lice, reduviids and ticks. Experimental studies with bedbugs

indicated survival in but no transmission by bite. In lice B. re-

currentis existed for at least 19 days and could be transmitted by'

Pediculus corporis. In triatoma B. duttoni lived for 6 days. Much
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work was done with many species of ticks and with several types of

Borrelia. B. recurrentis lived for 5-6.5 years in Ornithodoros.

species and could be transmitted by numerous species. Other

Borrelia are reported as present and transmitted by Ornithodoros,

Rhipecephalus and Argas gsnera.

**Brucella (Table I 3) Reports are present on bedbugs, cockroaches,

fleas, flies and ticks. Bedbugs were host to the organism for over

3 months but not transmitted by bite. They lived for only 24 hours

in roach feces. Organisms were found present in flea feces but not

transmitted. Flies harbored the organism for over 96 hours in the

gut. In ticks, the Brucella organisms lived for over 3 months passing

through to eggs and larvae and being transmitted by bite.

*EClostridium (Table I 4) Studies were made on beetles and cockroaches.

Cl. tetan1 and Clostridia of the gas gangrene group were reported

present in the feces of selected beetles and roaches.

*'PColiforms" (Table I 5) Findings are discussed for beetles, cock-

roaches, and flies. Most reports indicate coliform organisms

(E. celi, A. aerogenes and paracolon organisms) present in the insects

listed with transmission by the Periplaneta americana roach. Particu-

lar interest was shown in flies where growth in the flies was reported

and increased numbers in unsanitary areas.

**Cornebacterium (Table I 6) Studies are reported on these organisms

in beetles, cockroaches and flies. Diphtheroids were found in

beetles and roaches while the diphtheria organism was observed in the

intestinal tract and on legs of roaches. Experimental survivals in

flies suggested survival of a few hours on legs and wings to slightly

over 24-50 hours in the intestinal tract.

Diplococcus (Table I 7) The diplococcus of pneumonia was reported

present in cockroaches, fleas and in lice. It was reported present
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on legs of roaches, in feces of roaches, fleas and lice.

band Streptococcus (Table I 7) Various streptococcus species were

found in cockroaches, flies and reduviids. Reports are on 8. fecalis,

equgnus and mogenes as being present. Transmission of S. fecalis by

triatoma is indicated.
IWFun&i, Yeasts and Molds (Table I 8) Brief data is presented on these

microorganisms in cockroaches. Experimental inoculation of torula

suggested recoveries up to 6 days.

Mealleomyces (Table I 9) Studies on beetles, cockroaches, fleas,

and mosquitoes are listed. It is reported present in feces of all

but mosquitoes. In fleas survival is given at 50 days with transmis-

sion for X. pseudomallei with transmission also listed for Aedes

aegypti.

*4Geicrococcus (Table I 10) Brief notes are made for the presence of

various Micrococcus species in beetles, cockroaches, flies, lice,

mosquitoes and ticks. Survival studies are listed for Staph. aureus

in the gut (8 days) and feces of flies at 3-5 days. Staph. citreus

passed through the life cycle and lived for 9 days after maturity.

Lice were able to transmit Micrococci. Stah. aureus lived for at

least 24 hours but not 7 days in the gut of Aedes aegypti.

*M4icroorganisms (Table I 11) This section contains a few isolated

reports on several gram negative organisms including Klebsiella,

Proteus, Pseudomonas, Serratia and Neisseria.

Klebsiella - found to be present in feces of beetles and roaches.

Proteus - present and transmitted by roaches; present in flies.

Pseudomonas - present qnd transmitted by roaches; present, passes
tbrou~n life cycle of flies and transmitted by
flies.

Serratia - experimental throughout life of roach; exptl. in flies
lived 4-5 days in crop, 18 days in intestines but only
one day in pupae of IXusca domestica.
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*M*ycobacterium, (Table I 12) Reports are listed on the presence of

M. tuberculosis In beetles, cockroaches, and flies; and for M. leprae

in bedbugs, cockroaches, flies, lice and mosquitoes. The studies

with M. tuberculosis reveal it to be present In beetles, present for

2-5 days and transmitted by roaches, present in flies, survive 13

days in flies intestines and feces and to be transmitted by flies.

M. leprae (or similar organism) is reported to be present for 5-16

days on and in bedbugs, to exist up to 169 days in roaches, to be

present in the stomach of fleas and to live for several days in

flies and mosquitoes as well as being found in lice.

W*Pasteurella (Table I 13) Various insects including bedbugs, fleas,

flies, lice, mites, mosquitoes and ticks have been recorded as

harboring Pasteurella organisms for varying lengths of time. The

important organisms are Pasteurella pestis of plague and pasteurella

tularensis of tularemia.

P. pestis - The insect of importance is the flea. History has

recorded its role in the transmission of plague from rat to man.

Representative reports reveal its survival and growth in fleas with

survival in the flea for periods up to 21 days and 4-5 weeks in

flea feces. The organism was also found in ticks and to be trans-

mitted by ticks.

P. tularensis - In bedbugs survival was for 136 days with

transmission. Fleas were found to contain the organism and transmit

it as well. The same was true for certain flies, lice, mites and

mosquitoes. Tularemia is transmitted more often through ticks. The

organism survived in Ornithodoros for 674-701 days, was able to sur-

vive the life cycle of Dermacentor and could be found in Ixodes.

**Protozoa and Metazoa (Table I 14) Data are presented on bedbugs,

cockroaches, flies, lice, mosquitoes, reduviids and ticks.

Try•anosomes - reported transmitted by bedbugs, transmitted by
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flies (Glossina speciesl lice, mosquitoes and reduviids with survival

in the triatoma for 2-6 days.

Leishmania - found to be present and transmitted by flies

(Phlebotamus) and survivedin reduviids for one day with 25 day sur-

vival in ticks plus transmission.

Endamoeba - present in roaches for 72 hours, present in flies

for short periods (2-3 days) at most.

Giardia - found in roaches and survived up to 12 days experi-

mentally, also present in flies for a few days.

Chilomastix - present in flies.

Endolimax - present in flies

Worms - hookworm found in roaches and flies, tapeworms reported

in roaches, roundworms present in roaches and flies.

Filaria - present and transmitted by mosquitoes.

Plasmodia - in mosquitoes with survival and transmission given

under varying conditions of temperature and relative humidity in

various mosquitoes.

Babesia - present and transmitted by ticks.

**Rickettsia (Table I 15) Studies on Rickettsia in insects were limited

to a few reports in bedbugs, fleas. lice and mites with many reports

on ticks. Rickettsiae were found to be present in bedbugs, survive

from 24 hours to 10 days but not to be transmitted. Rickettsia of

typhus fever were found present in fleas, could survive up to 52 days

within the flea and be transmitted. Survival studies of Rickettsia in

lice and louse excrement are reported with persistence for 10 days to

4 months. In feces under varying conditions of temperature and

humidity the Rickettsia lived for 11-12 days up to 147 days and could

be transmitted to susceptible animals, Typhus fever and other Rickett-

sia were present naturally and could be transmitted by numerous types
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of mites. Data presented on survival and persistence in ticks are

extensive. Typhus fever, rocky mountain spotted fever, bullis fever

and Q fever Rickettsia constitute the major reports. R. rickettsi

is reported surviving 345 days. It is present in numerous types of

ticks naturally and experimentally transmitted to susceptible animals.

Other rickettsia (RMSF) pass through the life cycle and may survive

over 1000 days in ticks. Coxiella burneti is reported present and

transmitted by ticks surviving 600-900 days and being transmitted

400-700 days. In tick feces viability up to 586 days is listed.

*•Salmonella (Table I 16) These orga.isms are reported from bedbugs,

cockroaches, fleas, especially from flies, and in one or two reports

from lice, mosquitoes and ticks. Their importance is in intestinal

diseases where the organisms may be ceposited on food in feces

prin-nrily. In bedbugs experimental. survival is noted for 2-3 weeks

without transmission. A number of papers on cockroaches reveal

Salmonella to be present naturally and to be transmitted. Experi-

mental findings suggest survivals from 7 days to 42 days with survi-

val within the body and in the feces. Reports on experimental work

witn fleas indicate 96 hour survival in the body, less than 24 hours

in the feces but transmission was possible. One report revealed

natural presence with transmission. Salmonella of typhoid fever

were present in flies. Experimental survival and transmission could

be followed up to 23 days. One report suggested multiplication of the

organism in the gut. Experimental results on survival of other Salmo-

nella revealed persistence from 10 days up to 4 weeks. Salmonella

were reported in lice. in mosquitoes survival of Salmonella experi-

mentally was for I hour in one finding but with a different organism

and mosquito a 3-4 week persistence is reported. In tick feces one

Salmonella species survived for 35 days.
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**Shigella (Table I 17) One brief report on ants suggests survival on

I feet for 24 hours. All other reports are on flies. Several Shigella

species are reported as present with survival for 5-11 days. One

report suggests multiplication of S. dysenteriae in the houpi fly.

**Spirochetes (Table I 18) Two papers report Treponema pertenue to

be present in and transmitted by flies. One report is on experi-

mental survival of leptospira in Triatoma.

*Vibrio (Table I 19) Reports are available on the survival of the

cholera vibrio in cockroaches and flies. Persistence for 79 hours

in roach feces is listed. The organism is reported as present in

flies with experimental survival for 30-48 hours.

*Fyiruses (Table I ý0) Studies are listed on bedbugs, cockroaches,

flies, lice, mites, mosE2qtoes, reduviids and ticks.

Yellow Fever - present in bedbugs for 2 days; in mosquitoes

where nature and history have shown transmission to be important,

survival of 39 days in Culex with transmission, presence and trans-

mission in Haemogogus, in Aedes survival throughout life of mosquito

(approximately 200 days) is reported with the virus present in

nearly all tissues. The virus was also found to survive in Triatoma

for a week but without transmission. In ticks survival lasted

about 6-23 days but was not transmitted by bite of tick.

Lymphocytic Choriomeningitis,- Experimentally survived in

bedbugs for a few minutes (10) to 85 days. It was found in cockroaches

and experimentally survived in and was transmitted by mosquitoes. The

same was true in ticks.

Poliomyelitis - The virus was found present, survived from 1-15

days in experimental studies in roaches with excretion for at least

two weeks. In flies the virus is probably present in nature. Ex-

periments suggested survival of 2 days to 3 weeks in different(I 11)



species with possible transmission reported. Survival of 3 weeks

in mosquitoes is revealed.

Coxsackie - In cockroaches experimental persistence and trans-

mission up to 15 days is suggested.

Mouse Encephalitis - A period of 7 days for survival in roaches

is given for experimental results.

Eastern Equine Encephalitis -•* The virus was found present in

lice and mites. The mosquito is the important vector with the

virus being present in numerous species of Aedes. Transmission up

to 2 months was reported. The virus was also found to be oxperimen-

tally transmitted by ticks.

St. Louis Encephalitis - Reports indicate its presence in mites

with transmission. Aedes, Culex and Anopheles mosquitoes were found

able to harbor and to transmit the virus.

Western Equine Mnaephalitis - This virus was found in mites.

Experimental findings revealed transmission by various Aedes and

Culex mosquitoes. Also reported is transmission by Triatoma.

Jap B Enc6phalitis - Reports of experimental transmission in

Culex and Aedes showed survival from 15-91 days.

Venezuelan Equine Encephalitis - Transmission was revealed for

Anopheles, Aedes and Mansonia species* Survival for 17 days was noted

in Triatorabut no transmission.

Rift Valley - This virus is reported as being present in mosqui-

toes and of being transmitted.

Russian Spring and Summei - Ticks are able to harbor the virus for

varying periods up to 40 days with transmission by Ixodes and Ornitho-

doros.
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Dengue,- The virus survived for periods up to 174-200 days in

f mosquitoes. Low temperatures and serial passage lowered infectivity.

Colorado Tick - This virus was found present in Dermacentor

and could be transmitted.

** Headings for major groups of organisms.

(1 1-3)



THE EFFECT OF PRESSURE ON THE PERSISTENCE (SURVIVAL) OF ORGANISMS

Small amounts of pressure do not affect microorganisms particu-

larly, but nay increase the rate of some chemical reactions. If

"super-pressures" in the order of 5,000 atmospheres are applied, the

pressures are able to denature proteins, kill bacteria, inactivate

viruses and detoxify toxins. The temperatures necessary for such

activity are not raised above 20-25 C.

sMMARY (Table P 1)

*Escherichia coli - Some 5,000 atm. of pressure destroy the cells in

45 minutes. When exposed to approximately 500 lbs/sq.in. of argon,

nitrogen, nitrous oxide or carbon dioxide, some destruction of the

cells occurred. Pressure at 5,000 lbs/sq.in. affected the rate of

disinfectiondepending upon the temperature. When 1,000 lbs/sq.in.

of pressure was applied to cultures at temperatures below 37 C., growth

was retarded but accelerated above 37 C.

*Aerobacter aerogenes - Very high pressures of 100,000 lbs/sqin.

destroyed in 4-5 minutes, while 50-65,000 destroyed in 10 minutes and

30-45,000 killed in 1 hour.

*Salmonella - These organisms were destroyed at 5,000 atm. of pressure

in 45 minutes.

*Bacteriophage - Some strains are destroyed by 4500 atm., while

others are not.

*Viruses - Rabies, herpes, yellow fever, foot and mouth, encephalitis

and smallpox viruses were exposed to pressures of 3000 to 7000 atm.

with resulting destruction in 30-45 minutes. Some differencesin

susceptibility are noted.

*Mold and Yeast - Pressitres of 30-3B,000 and 85,000 lb/sq.in. were

tested with resulting destruction in 5 minutes-i hour,

*Bacteria,- General - Vegetative cells may withstand 6,000 atm. for 14
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hours, while spores withstand 12,000 atm. for the same period. Marine

bacteria may remain viable under 400-600 atm. at 30 C. for 4 days.

NStreptococcus - Exposed to 30-100,000 lbs/sq.In, these organisms

survived for 4-5 minutes at the high pressures and 1 hour at the low

pressures.

*Micrococcus - Some 3000 to 6000 atm. of pressure were tried on these

organisms with recovery at 45 minutes with the lower pressure but not

at 6000. Other experiments showed that 5000 atmospheres destroyed the

organisms in 45 minutes as well.

*Mycobacterium - At 3000 atm., the cells survived 45 minutes but not

with 6000atm. of pressure.

*Pasteurella - WVhen exposed to over 2000 atm. of pressure, survival

of 30 minutes was obtained.

*Serratia - At 3000 atm., the cells lived 45 minutes but not with

6000 atm. When subjected to 30-100,000 lbs/sq.in., survival of less

than 1 hour was observed.

*Corynebacterium - These organisms were destroyed by pressures of

40-45,000 lbs/sq.in.

*Diplococcus - Pressures of 5,000 atm. destroyed the organisms in

45 minutes.
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THE EFFECT OF RADIATION ON TTIE PERSISTENCE (SURVIVAL) OF
ORGANISMS

Studies on radiation have shown certain ranges of the electro-

magnetic spectrum to be deleterious to microorganisms. This includes

(1) ultraviolet (200-300 mu-or 2000-3000 1 units); (2) X-rays (0.005-

1 mu)- (3) d rays (short x-rays); (4)fl rat"'', or cathode rays or high

velocity electrons; (5) o( rays or high velocity helium nuclei and

(6) neutrons.

It has been suggested that garma,x-ray and UV radiation of media

and organism produces toxic substances which destroy the organisms.

The death rate in the organism suspensions is considered as a loga-

rithmic one in relation to the energy absorbed. This has been shown

with numerous organisms and various types of radiation. Heat is

probably not the predominant factor in death of the cells.

Some reports suggest the amcunt of radioactive lethal doses in-

volved necessary for killing vegetative cells and spores of different

organisms at between 4-200 r x 103. Ultraviolet energy expended

approaches 1-50 ergs x 10 3/cm 2 . Sometimes a correlation may be made

between chemical sensitivity and radiation sensitivity. No exact

relationships have established between sensitivity to radiation and

taxonomic classification.

Several mechanisms or modes of action for radiation effects on

microbial cells have been proposed. The energy must first hit and be

absorbed by the cell. UV hits particularly the nucleic acids of the

cell at 260 mu. The other rays hit the cell substances in general.

With x-ray, gamma and beta radiation the fast moving electrons damage

the cells probably by the collisions involved. Perhaps this is true

of alpha and neutron radiation which also form ionization tracks

through the cells.
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One of the theories on radiation action is the so-.called target

theory whereby destruction on the logarithmic order occurs f ollovdng

a "hit" on the cell by radiation energy. Temperature does not affect

the rate of destruction so it is assumed that no actual chemical re-

action takes place in the destruction since temperature rise increases

rate of chemical reaction. Areas of the so-called sensitive target

of a cell have been estimated by the amount of radiation necessary to

destroy the cells.

One theory suggests that a lethal mutation has taken place in the

cell hit by radiation. This suggests that a particular chemical entity

is changed so that life processes cannot go on. Some experiments

observing cells attacked by radiation show that one or two divisions

may take place and then stop--with resulting death before visible

colonies can develop.

Ionizing and ultraviolet radiation may result in certain decom-

position products such as quantities of formic acid or hydrogen perox-

ide, There is a great amount of evidence in favor of enzyme inacti-

vation by the radiations. These inactivations or transformations in

enzyme activity may result in complete inactivation of certain pro-

cesses of the cell and allow others to progress resulting in the over-

production of products which pile-up and become toxic to the cells.

This results in stopping of metabolism and stopping of multiplication

and then in death.

In nature, the sunlight contains varying amounts of infra-red

through ultraviolet radiations. The ultraviolet is especially active

in the destruction of microorganisms so that cells exposed to sun rays

may be destroyed much more readily than if in the dark or shaded to be

protected from the sun radiation.
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SUMARY*

i4i-see also surfaces and soil for sunlight effects.

*Bacillus species (Table R 1) Radiation of the UV at 452 erg/m2 at

2537 A destroys 90% of cells. The spores and vegetative forms did not

differ in susceptibility greatly. Death time ranged from 5 seconds to

30 minutes depending on exposure. Exposed to sunlight, the organisms

survive for 2-6 hours on plates to 36 hours in blood. Presence of air

seems to aid destruction. Ultrasonic at 320 kc destroyed cells (99f)

in 45 minutes. Electrons were active in 1 second.

*Bacteria (General) (Table R 2) Some general effects of ultraviolet,

sunlight, x-ray, ultrasonic and electric current are presented.

*Bacteriophage (Table R 3) Dysentery phage at 1.5 erg/m2 per second at

2537 A (UV) was inactivated. In sunlight phage was destroyed slowly.

Ultrasonic destroyed phage in 30-60 minutes. Phage resisted radium

radiations for 3 days.

*Brucella (Table R 4) Light of tropics at 44 C. destroyed cells in 45

minutes. In nature, there is a lower incidence of the disease where

there is an abundance of sunlight and low humidity. Ultrasonic at

2641 kc formed rough from smooth cells in 3 hours.

*Dijlocoocus pneumoniae (Table R 5) These cells are reported less sus-

ceptible than some other bacteriafor perhaps the capsule protects. In

sunlight the organism lived in sputum for less than 5 days while in

diffuse light 30 days and in the dark for 35 days. Neon light destroyed

the cells.

*Coliforms (Table R 6) Much work has been done using the coliforms as

an indicator of sensitivity to UV radiation. Low RH was found to in-

crease UV action. Various idnges of the spectrum were used with most

of the studies at 2537 A Where it was most active. Other strains were

less resistant. Usual destruction time is in a few minutes. Rate de-
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pends on UV source and distance from organisms. Organic matter pro-

tects organisms. X-ray studies suggest younger cells more susceptible.

Removal of oxygen slows domw killing rate. A. aerogenes was reduced

to 37% by 14,000 R. Ultrasonic studies reveal resistance in one re-

port and 99.9 loss in 15 minutes in another. Coliforms have also

been exposed to electrons with 10,000 volts destroying in 1 hour, and

to neon with no results and to radium with no growth.

*Micrococcus (Table R 7) Numerous reports of these organisms suggest

that the Micrococci are quite resistant to UV. Various ranges of UV

were used and different levels of energy used against several strains.

Direct sunlight killed cultures at 23 F. in one hour iile through

glass several hours were necessary. X-rays at 3600-4400 level des-

troyed 63%. Ultrasonic killed 90% in 45 minutes. Low velocity elec-

trons killed the organisms% as well as 10,000 volts, in one hour. Neon

also destroys in 1 minute.

*Microorganisms (Table R 8)

Alcaligenes - Two species showed wide difference in suscepti-

bility to UV, one destroyed in 15 seconds, the other in 30

minutes.

Corynebacterium - These organisms were found more susceptible

to UV than Bacillus, Staph. and others. At 55 C. in tropical

sunlight, no organisms survived for 45 minutes. Cultures kept

in the dark lived 1/3 to * longer than those exposed to light.

Hemophilus - Were very susceptible to UV.

Klebsiella - Almost completely destroyed after 3 monutes expos-

ure to UV.

Lactobacillus - Populations of this organism were reduced by U7.

Proteus - Three minute; exposi.re killed most cells, older cells

more susceptible. Neon light was not effective in destroying

them or was 10,000 volts during a 30 minute period.
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Serratia - This organism was quite readily destroyed by UV. In

40 seconds to 5-15 minutes all cells killed. 10,000 volts des-

troyed the organism, in 1 hour.

Azotobacter - Light from sun destroys the organism in the upper

layers of the soil.

Leptospira - Exposed to sun, it survived for 7 days.

Pasteurella - The plague organism was destroyed in tropical sun-

light at 40 C. in 5 minutes.

Treponema - Diffuse sunlight killed the organism in llj hours.

*Mycobacterium tuberculosis (Table R 9) Reports reveal this organism

to be more resistant than Bacillus spores. Various times are given

for kill, from 3 minutes to 40 minutes. In daylight, killing is in

2-5 hours in direct sunlight and 6-8 days in diffuse light. X-ray

may destroy in 64 hours. Ultrasonic nt 320 'W% 7•,•ii-n^ s 7571 in 75 min.

*Neisseria (Table R 10) UV at 2800-2540 kills. The meningococcus

exposed to daylight is killed In 2 hours. When sunlight passes through

gauze, 30 hour survival is obtained and 6-7 days when daylight diffuses

through towelling and wool. In the dark, the organism survives 7-10

days at 25 C.

*Protozoa and Metazoa (Table R 11)

Amoeba - Short exposure to t7V destroys.

Paramecium - Short exposure to UV destroys.

Necator - Exposed to light, 1 week survival is found but 5j weeks

In partial shade and 7-9 weeks in dense shade. Under varying

conditions of sun and water, survival of 1 week to 6 weeks were

found. In drying soil, 5, 10 and over 30 day survival was found

in increasinp shade. In fecal material in direct sun survival

over 2 hours was observed.

*Pseudomonas (Table R 12) Variable results with UV are reported
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against this organism. The flourescent strains are more resistant.

In suillight, the organisms may survive for li hours at 44 C. Neon

does not destroy easily. X-ray at 1000-1200 r kills 63%,. E2:posed

to radium, the organism does not grow.

*Salmonella (Table R 13) UV at various wavelengths and intensities

is active against Salmonella after a brief exposure. Some 214 erg/mm2

0

at 2537 A reduced population 90%. Sunlight is effective against the

organisms in thin layers of water. In glass tubes, cultures may sur-

vive 1 year exposed to diffuse light. In direct sun, agar cultures

are destroyed in 10-60 minutes to 4-10 hours. Neon was not effective

against the organisms. X-ray did not affect in j hour exposure. 10,000

volts destroyed cultures in 1 hour. Radium prevented growth of the

organisms.

00*• (Table R 14) UV between 2800-Pb40 vA killed the cells

quickly. Some 168 erg/mm2 at 2537 A, reduced population 90%. In sun-

light, these organisms were killed in less than 30-60 minutes ii; strong

light, in diffuse light cultures in tubes lived for 75-1049 days.

Ultrasonic at 680 kc and 320 kc reduced numbers 88% in 30 minutes.

Neon light was not effective.

*Streptococcus (Table R 15) Exposed to UV, Streptococci are reduced

90% by 200 ergs/mn 2 at 2537 A. Air irradiation destroys these as

air borne infecting organisms. Some reports suggest them to be more

susceptible than spores and tuberculosis organisms. Sunlight des-

troys the organisms in 40 minutes.to 4-6 hours, diffuse sunlight may

take almost 7 days while cells survive 14 days or more in the dust

in the dark. Apparently larger strains are more resistant to light.

Tropical sun at 49-50 C. destroys in 15-30 minutes. Neon light was

effective. Organisms exposed to 10,000 volts were destroyed in 1

hour,
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Vibrio (Table R 16) UV is reported as very effective against the

cholera orgniusms in culture and water. Sealed cultures exposed to

sunlight were killed in 3 days while the cultures lived 1044 days in

the dark. Diffuse light exposure allowed survival for 279 days, In

sea water the organisms lived for 8 hours, exposed to the sunlight.

The temperature affected recovery slightly when at 49 C, as compared

to 18-30 C. Polarized light at 24 C. did not affect for 13-30 hours.

Radium prevented growth of the organisms.

*Viruses (Table R 17)

Poliomyelitis - UV destroys in 30 minutes to 60 minutes usually,

or shorter time, depending on distance of source. Direct sun

kills within 30 minutes. Ultrasonic does not destroy rapidly

but high speed electrons inactivate the virus.

Influenza - Survives UV better than many bacteria.

Vaccinia- 40 ergs at 2537 A destroys while light plus chemicals

destroys rapidly.

Herpes - Survives from less than 15 minutes to 40 minutes ex-

posure to UV.

EncephalomyelLtis - Survives only 40 minutes exposure to WV.

Tobacco Mosaic - UV inactivateE this virus over a range of 3100-

2652 A.

African Horse-sickness - The virus is inactivated by UV.

Measles, chicken pox, mumps - All are susceptible to UV radiation,

Foot and Mouth - Intense sunlight exposure destroys organism in

1 hour when dried. Diffuse sunlight is resisted for over 1 hour.

4Yeasts, Molds and fl i (Table R 18) UV radiation is effective against

yeasts and molds when exposed at different wavelengths and amounts of

energy. Older organisms are less resistant, in some experiments dark

color of some protect against UV. Sunlight destroys in long periods
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of exposure. Ultrasonic reduces population at 680 kc to 1f in 30

minutes. Electron bombardment is resisted under certain conditions but

10,000 volts destroy in 1 hour.
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SURVIVAL OF ORGANISMS IN SOIL

The importance of potentially pathogenic organisms in soil has

been recognized. Some of the Clostridia may cause gas gangrene or

tetanus mhen soil gets into wounds. Some intestinal pathogens such

as the organisms of typhoid and dysentery may get into the soil in

excreta to contaminate foodstuffs. Certain of the protozoa and

worms survive for considerable lengths of time or may live part of

their life cycle in the soil entering the body through foods and

sometimes through the intact skin. The organism of anthrax may

survive in soil for long periods in the spore stage. Animals graz-

ing in this area may contact the disease and die. Some areas are

so contaminated that they are restricted so cattle may not graze on

them. Other disease producing organisms might enter the soil from

human and animal are ntA r •o•rcasses. The factors affecting the

survival of many microorganisms in the soil might be grouped as to

(1) soil factors (2) organism factors.

Soil Factors Affecting:

In general, the factors affecting the survival of any organism

in soil would be (1) the general type or nature of the soil under

study, whether sand, clay, loam or mud; (2) the amount of organic

matter present or added with the organisms; (3) the amount of

moisture in the soil; (4) the firmness or looseness of the soil;

(5) the pH; (6) the presence or absence of antagonistic organisms;

(7) the depth of the organism in the soil; (8) the temperature of

the soil and air; (9) the relative humidity (RH) of the air; (10) the

amount and duration of radiation from the sun.
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Organism Factors Affecting:

A particular organism may survive in soil for varying periods

depending up (1) the inherent resistance of the genus and species

of organism under study; (2) the particular strain of organism; (3)

the presence of a protective stage of the organism such as a spore;

(4) the presence of a protective covering on the cell, such as a

capsule; (5) the age (in the growth curve) of the inoculum; (6) the

numbers of organisms inoculated and (7) the ability of the organism

to multiply in the soil under the conditions presented.
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SUMIARY

*Bacillus species (Table $ 1) B. anthracis may survive in spore stage

in soil where carcasses buried for 15-20 years. Other data suggest

12 years in surface soil and shorter periods in exposed places.

Other Bacillus species survive for over 80 days in mud and other

soils and may be present in 500-600 meter deep soil.

*Brucella species (Table 8 2) In sand the organisms live for about

120 days. In dirt dried rapidly it lives less than 4 days but up to

66 days in moist dirt. Viability of 1-10 weeks is reported in various

soil samples. It is suggested that on pasture cover the cells do not

survive long even though excreted in large numbers.

*Clostriditm species (Table S 3) The organisms of tetanus, botulism

and gas gangrene are fairly permanent residents of the various types

of soils.

*Coliforms (Table S 4) E. coli exists in loam for weeks to months and

even to 4 years if moist; if dry, only 11-25 day survival results. In

sand and mud 11 week viability is reported. E. coli usually absent

from virgin soil while A. aerogenes usually present. Survival of

Aerobacter in soil is for many months up to almost 4 years.

*Corynebacterium diphtheriae (Table S 5) In dried sand at 37 C. via-

ble cells were present for almost 30-50 days while in sand alone 98 to

175 day recovery was found. In soil, 98-208 day survival was found

but in dried soil less than 25-35 day recovery was obtained.

*Fungi, Yeasts and Molds (Table S 6) A large part of the microbial

flora is made up of Actinomyces and fungi besides the bacterial popu-

lation. Actinomyces did not live well in acid peat soil. Malleomyces

(not a fungus but of thc Parvobacterioceae) survives in pastures up to

1 year making them unsafe. Actinomyces bovis is more or less a perma-

nent organism in soil. Radiation from sun lowers the soil flora at

(So 3)



surface level. Yeasts may live in soil for long periods in winter

months*

4*l:lcroorganisms (Table 8 7)

Agrobacte - In clay and loam viability over 500 days and in

sand for over 600 days was reported.

Pasteurella tularensis - In muds both cOntaminated and uncontami-

nated the organism was present for 12 weeks.

Diplococcus pneumoniae - Dried culture in sand liveci for 2 days

and in volcanic ash for 6 days.

Vibrio comma - This organism was able to survive for 1-2 days in

soil without moisture but for more than 33-68 days in moist soil.

On sand 4 day to over 174 day viability is given.

Leptospira - In polluted soil 3 day survival is found. It may

live for months on wet ground and high humidity in air.

Apotobacter - Large numbers in rich soil, few in acid nr sunlit

soils, many in dark sun-protected soil. Pure culture in soil

lived for 40-85 days or more.

Pseudomonas - Survival of 45 days in soil was observed.

*microorganisms (General) (Table 8 8) Various factors of temperature,

pH, fertility, moisture and radiation are presented for legume bacteria,

lactic acid bacteria, nitrifying bacteria, sulfur and iron bacteria,

aerobes and anaerobes.

Kiycobacterium tuberculosis (Table 8 9) In soil from fecal material,

the organisms may live for 2-6 months and even a year exposed to all

types of weather conditions. Animals were infected from the soil in

this manner.

*Protozoa and Metazoa (Table S 10)

Ascaris - on soil surfaces for 2 months to 160 days in summer, for

150-180 days in winter, are examplas of soil survival. Found on

vegetation where soils manured with human feces.
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Necator - Survival in soil for 9-15 days il routine, some larvae

live for 7-9 weeks in shade or even for 84 days. Sun, temperature

I and moisture affect survival.

Trichuris - In shaded soil viability for at least 35 days has been

observed.

Entamoeba - Cysts may remain alive for 4-8 days in soil at room

or lower temperatures. Vegetation manured with human feces was

found to contain cysts.

Nimeria - Oocysts remain viable for periods of less than I year in

soil in sun or in shade.

Sheep Nematodes - Viability of 3 months is reported in pasture soil.

Toxacara canis - The parasite remains over winter in soil under

snow.

*Salmonella species (Table S 11) In dry clay 3 week s•unvtva! and 6

week in wet clay was found. Similar results with loam for rainy wea-

ther survival of 120 days as compared to 49 days in plain loam. In

mud survival of 5 weeks to 2 months was recorded. In peat, 1 day to

30 day recovery depending on pH, moisture and temperature were the

fbnduits. In sand, 6 day survival with sewage inoculum was observed

but with sterile sand then dried, 82 day recovery was founda Variable

results in soil depending on type of soil, moisture and temperature

were reported with survivals ranging from a week to over 16 months.

Vegetables were found contaminated from humami fecal manure for at

least 7 days.

SShigella species (Table 8 12) The few reports suggest survival of

12 days on sand, over 100 days at temperatures of 1-15 C. and in dry

soil at 12-30 days while wet soil provided 40-90 day survival. On

vegetables in soil, 7 day survival was recorded.

skstreptococcus species (Table 8 13) These organisms live for periods

of 26 days to 11 weeks in loam and mud. On sand, viable cells wero
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recovered after 33-66 days. With chicken manure on soil 160 day re-

covery was observed.,

*Viruses (Table S 14)

Foot and Mouth - In sand at room temperatures and 50q humidity

the virus survived for 14 days.

Newcastle - At body temperature and pH, 25 day viability was ob-

served; at 3-6 C. 235 day survival and at -26 C. 538 day survi-

vals were found. In chicken pen soil, I month viability was

observed.

Bacteriophage - Typhoid phage was found in soil at 3 foot depth.
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temperature changes; the humidity of the air will determine the rate

of desiccation. Some organisms are killed rapidly by drying; others

survive better in the dry state. The rate of drying is important in I
killing some organisms. If a surface provides protection from

radiation, rain, wind and other elements then survival will be longer.

Organism Factors Affecting:

As under other circumstances there are a number of qualities

in a particular organism which make it more or less resistant and

allow it to survive for longer or shorter periods. The strain of

organism as well as the genus and species is important since there

are inherent properties of the cells which determine their ability

to survive or persist in nature. The presence of a spore stage or

a capsule protect certain organisms. Others apparently have resis-

tant cell walls which protect against drying and destruction by

other factors. The age of the cell at time of inoculation is

important - if the cells are from old cultures, then they are more

easily destroyed. Of great importance also are the numbers of cells

placed on surfaces and the amount of organic matter in %hich the

organisms are suspended. Organic matter buffers against pH and

other chemical changes as well as protecting against heat, desicca-

tion and other forces of nature. Natural secretions such as sputum

and feces provide some protection to organisms.
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*Bacillus (Table Su 1) Bacillus anthracis because of its spore stage

is able to exist for long periods. On fabrics such as canvas exposed

to room temperature, low humidity and diffuse sunlight, the spores lived

for 10-22•' years; enclosed in envelopes survival of over 34 years on

canvas and in blood on gauze 40 year viability was reported. On glass

or porcelain survival of a few days to 2 years was found. On paper

exposed to sun, 8 hour survival was found. Long survival in brushes of

animal bristles was found. Other Bacillus species survived for long

periods on fabrics, glass, metals and plastics.

*Brucella (Table Su 2) In dust,the Brucella lived for 20 days to 6

weeks. On fabrics such as bags and sacks) 5 days to 30 days have been

observed as survival times. On glass,some survival for several days

has been noted.

*Clostridium (Table su 3) On fabricsthese sporeformers may live for

at least 31 months. C1. tetani on glass lived for 18 years as it did

also on rusty metal. Tetanus spores may exist in wounds for 6 months

and in talc through autoclaving procedures. Cl. sporogenes remained

viable on sutures in alcohol or toluol for over 17 days.

*Coliforms (Table Su 4) Cultures on cotton swabs survived for 8-48

hours. When dried on glass or in high humidity, survival of 22-98

days is reported. If exposed to sunlight when on glass, the cells are

killed in a few minutes. On paper, survivals vary as to method of

drying. Survivals on paper are given as 1 day to 143 days. Exposed

to the sun/survivals of 2-10 minutes were observed. E. coli lived

for 84-168 days in plaster. On utensils, coliforms are frequently

found. On woody coliforms exist for extended periods of a few days to

228 days. Coliforms also found on metal doorknobs, water filters and

in grease of water pumps.
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*Co:rynebacterium (Table Su 5) The diphtheria orgranism has been found

in dust for a few days to 175 days. On fabrics, survival of 2 weeks

to 20 weeks has been observed, with the variations due to drying pro-

cedures, the number of organisms, and the type of fabric and amount of

organic material. On glass, survival of 1-2 days to over 98 days was

listed. Exposed to sunlight, death occurs in 2 minutes. On paper, 6

to 159 day viability occurred but exposed to sunlight, the cells were

killed in 2-10 minutes. On plaster, viability of 37 to 75 days was

found and on utensils such as knives, the diphtheria organism lived for

86 days. On wood, 7-8 day persistence was reported.

*Diplococcus pneumoniae (Table Su 6) The organisms may live in dust

for 2-8 days and on fabrics for extended periods of 2-13 months. On

cotton swabs, cultures kept viable for 8-48 hours. On glass, the

pn==ococzi kept alive for 2-l21 monthi, 2 wnuiLh at 80 F. and 12 months

at 40 F.

*Nicrococcus (Table Su 7) These organisms live for long periods on

surfaces. On fabrics, such as handkerchiefs, the organisms are viable

for a month or more. On glass, the cultures may remain alive when

dried for from 8-10 days to 90 days at 16-18 C. When lower temperatures

were studied (-195 C.), 4-15 week survival was reported. At 37 C.

viability was limited to almost a week. In sunlight, the organism

might survive 10-90 minutes. Organisms dried on paper survived 51-

70 days under optimum conditionsbut in sunlight they survived up to

71 hours. On plaster, persistence of 38 to 100 days at room tempera-

tures was found. Organisms on rubber were easily removed. On uten-

sils, short-term viability was reported using cleansing methods. On

knives, viability of 86 days was ford. Cultures inoculated on to

wood samples lived 35-130 days. Micrococcus species on tinfoil were

reduced readily by washing off and by UV. The organisms were found

on telephones and doorknobs consistently.
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4IMicroorganisms (Table Su 8)

Proteus - Survive in dust for 2-19 days, on moist culture swabs

for 2-48 hours, on blankets for over 81 days, on paper for 11-20

days.

Rickettsia - Survives on laundry to cause infection. On paper,

viability of 21 days has been recorded.

Treponema-Lives on cloth at 21-25 C. in diffuse light for ll.

hours. On glass in stun, 2 minute survival but may live in dark

for several days. On paper money, 4 hour viability was shown.

On dishes 2-8 day survival was found.

Vibrio - Survives on dried threads for 30 days to 7 months.- the same

is true on clothing. Culture swabs do not stay viable for 8

hours with few exceptions.

Pseudomonas - On glass in siun-light, 2 minute viability was found

but over 7 month viability has been found on occasion.

Sarclna - When dried on glass in sun or not survival of 25-60

minutes has been found.

Bacterium linens - On filter paper survival of 90 days is reported.

Trichomonas - On an enamel paint surfaces viability of less than

7 hours was found.

Alcaligenes - Were found on telephones.

Hemophilus - On cotton culture swabs lived 8-48 hours at 16-22 C.

*Microorganisms (General) (Table Su 9)

Dust - Organisms survive in and on dust particles and are air-

borne with dust.

Fabrics - Oiled fabrics contain fewer organisms, organisms may

survive in towels for at least 24 hours and on blankets for 6

months.

Glass - Organisms are killed easier on smooth surfaces and than

on cloth or paper or agar surfaces. Temperature increases and
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humidity decreases give lower survival. Survival of 8 days to

months on glass is reported. Drinking glass samples may have

millions of organisms on them.

Metals - These surfaces have antibacterial and antiviral activity,

eseecially silver and copper.

Paper - Organisms may live for long periods when dried on paper.

Wood - Various types have been tested, some allow survival longer

than others.

*ycobacterium tuberculosis (Table Su 10) Dust may contain viable

organisms for days to weeks depending on amount of sun--two days in

direct sun and 5 days in diffuse light have reported. Organisms have

been found on fabrics (clothes and hankerchiefs) for 18-30 hours up

to 39-70 days and possibly 110 days. When dried on glass, organism

.1- live for 4 months. Oi paper or books live organism may live only

a few hours but reports suggest over 35 days or up to 3j months in

sputum dried on books. A number of general reports show survival de-

creased by sunlight but survivals of 309 days listed for dark areas

or 74-100 days exposed to electric light.

*Neisseria (Table Su 11) These organisms are usually low in survival

rate. On fabrics, 5 minutes to 24 hour viability is shown for the

gonococcus and up to 7 days for the meningococcus. On glass, a few

hours of survival is usual but with dried blood up to 45 day survival

has been found with the meningococcus. The g c organism lives only

2-5 hours on glass covered from the sun. On wood, dried films live

for a few hours exposed to sun but unexposed the meningococcus exists

for 8 days. Other studies suggest a few hours on metal and for

several weeks on other surfaces.

*Pasteurella (Table Su 12) Studies of the plague organism suggest

survival on fabrics is of short duration, on glass for 3 hours to
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6-9 days when organic matter was present and on paper survival of 3 to

8 days with better survival at higher humidities. On filter paper the

tularemia organism lived for 20 days at 20 C. in feces. On plaster

the plague organism was viable for 5-11 days. On various wood samples,

survival at different humidities was from 1 hour on moist pine to 36

days but survival of 2-3 months at 37 C. may be obtained and 260 days

at 25 C. when unexposed to the sun.

*eSalmonella (Table Su 13) Studies with these organisms in dust gave

survivals of 20 to 130 days under varying temperature and humidity con-

ditions. On fabrics, viability on towels was for 2 days, on cotton

culture swabs for at least 1-2 days, on cotton linen and woolen cloth

for 60-150 days or even longer. Cn glass and porcelain, survival of

2-4 days was found as minimum time but for 34-44 days when dried

under optimum conditions of temperature, humidity and with protein

organic material for protection. On paper, survivals of 5-10 days

are given as low recovery figures with survival in fecal material

on paper for 55-137 days for S. typhosa and 240-421 days for S. para-

typhi. On plaster, the typhoid organism may live 83-101 days. On

various wood samples at 16-18 C., viability of 9 to 119 days was re-

ported with pine wood giving poor results and lime wood, long via-

bility. The Salmonella have been found to survive well on bread

surfaces and on metals such as iron, copper and tin for 20-30 days.

*serratia marcescens (Table Su 14) This organism is used frequently

as an indicator organism for air, water and surface studies because

of its distinctive colony color. Studies on fabrics were made with

exposure to ozone with 95g killed in 45 minutes at 21 C., 89% RH

and .06 ppm. ozone. Studies on glass gave similar results. Recovery

in 2 minutes was obtained in sunlight. On paper short term survival

was obtained exposed to ozone and to sunlight (2-20 minutes).

(Su 7)



*Shigella (Table Su 15) The Shiga organism was found in dust over a

10 day period. Various fabrics were studied for survival of dysentery

organisms with data suggesting 4-150 days depending on temperature and

light. At room temperature in the dark, .50 day survival was found,

while at 37 C. only 11 day persistence was shown. The Shiga organism

does not live as long on the Flexner bacillus, which is more frail

than the S. sonnei. On paper, survival from 4-9 days to 270 days is

recorded. Sunlight destroyed in 5 minutes. At 38 C. only J-j the

survival time than at 17-20 C. Mhen dried on wood, organisms lived

for 4-9 days at 17-20 C., which was 2-5 times longer than at 38 C.

These organisms were able to exist for 30 hours to 2 months on bread

crusts.

*Streptococcus (Table Su 16) Many studies have been carried out on

streptococeu- -urvival "nnder natural condition8 in dust, air and on

surfaces. Studies on dust indicated streptococci would live 4-25

and 44 days. On fabrics, such as cotton, blankets, bedding, linen

and towelling, the organisms survived for 2 days to over 4 months.

Oil on bedding lowered air count and blanket counts of streptococci.

Organisms on glass and dishes lived for about 14 days, 'When exposed

to ozone a large per cent were killed on glass and paper. One report

suggests 44 day viability when dried on paper. Some studies were

carried out on rubber and on telephones and metal.

*Viruses (Table Su 17)

Foot and mouth - Dust allowed survival at 62 F. and 52%, RH for

11 days. On glass, exposed to sun, I hour viability was found

but when dried in dark it remained for 10 days in one case and

2 years in another. On paper, it remained active for 2 days.

In nature the virus remains infective up to 345 days.

Influenza - The virus may survive in dust for at least a week

and probably up to 3 weeks. on fabrics such as blankets, the
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virus survives at 37 C. for less than a day but over 3 days at

22 C. If dried in saliva on blanket, viability of over 1 month

has been found. Similarly, on glass, 1 week at 37 C. and over

1 month at 22 C. Ten dried on rubber, it remained active only

40 minutes. 11hen dried with mucin, the virus was active for 45

days but less than 22 days in talc.

Newcastle - This virus survived over 50 days on burlap sacks at

high and low temperatures, even when exposed to mercurials. At

11-36 C., 538 days of viability were observed. On glass at low

temperatures, it remained active for months. On paper, the sur-

vival was similar to burlap.

Smallpox - Vesicle fluids on glass remained active in dry state

for 84 days in dark and 35 days in daylight. Other reports sug-

gest that smallpox crusts remain viable for many years.

Tobacco mosaic - On cured tobacco leaves, this virus remained

active 31 years.

Swine Fever - The virus apparently was able to withstand high

temperatures when on bricks or hay but was readily destroyed

by chemicals.

*Yeasts, Molds and Fungi (Table Su 18) These microorganisms remain

active in dust for long periods and may be carried by dust in air.

Tricophyton - The dermatophytes survived on cloth for several

months and on occasion up to 346 days. On paper, viability of

102-346 days was observed.

Microsporum - On fabrics such as wool or cotton for 78-235 days

and on hair for 420 days.

Molds - These microorganisms on cardboard exposed to UV lived

for long periods. They are found on many surfaces and even

telephone receivers.
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yeasts - They are found on various surfaces.

Fungi - Large numbers found in dust, on paper, wood and surfaces

such as telephones.

(Su 10)



StJHVIVAL, 0OF ORGANISMS~ IN WATERl

later has been known for a long time as a vehicle for trans-

mission of various intestinal disease-producing organisms. Water

may harbor other pathogenic or saprophytic organisms as well. It

is of importance to study the effect of certain factors on the

survival of organisms.

The general factors affecting survival may be listed as follows:

Water Factors Affecting:

the gezeral nature of the water is important whether it is

sea, lake, stream or well water, as well as the degree of pollution.

The concentrations of salts will affect survival and also the

organic content playsan important role. The salts may be toxic

while the organic matter supplies protection as well as possible

nutrients for growth* The prnane of other =ntagonistic orzgain±s

such as bacterfa, algae or phage may be important. The presence

of toxic chemicals of industrial or human addition such as chlorine

or sulfites affect survival adversely. The depR and turbidity of

the water affect the amount of light and other radiation coming in

contact with the cells. The temperature of the water affects the

rate of survival as well as ability of organisms to grow. Low

temperatures give longer survival. Flowing water in nature may

dilute out occasional contaminations

Organism vactors Affecting:,

The type of organism being studied is of importance in the

length of survival. While the genus and species of organism is

important, also the strain under study determines to a certain

extent the persistence of the organism# The presence of a spore

stage of the organism or a protective capsule will aid a particu-

lar organism to survive. The tot l number of organisms inoculated
lW 1



is of great significance in length of survival as well as the age of

the cell (of growth curve) when inoculated. Some organisms have the

ability of growing when only a few salts are present in the water* f

The pathogens usually require more complex media. A few can grow

on the organic matter of polluted waters depending upon the tempera-

ture, Some pathogens may grow over a range of 15-40 C. Organic

matter may also protect cells from destruction even if they do not

provide nutrients. Selection of resistant strains may provide

greater survival of the organism under certain conditions to which

they are exposed. An organism selected for resistance to increased

temperature in water may not show increased resistance to some

chemicals in water, but does to some chemicals.

(W 2)



8U1WARY

I*Bacillus anthracis (Table W 1) In natural water., survival is of' long

duration. organisms have lasted up to 12 years in lake water# and

have been found viable in rivers and stagnant pools. Under laboratory

conditions, survival of 181 years has been reported. In general,

survival was better at room than at body temperature in either tap or

sterile water. At low temperatures, around 10 C., survival was usually

about 3 days. In distilled water, survival ranged from 30 days to 30

months. 'When culture medium was added and room temperature maintained

survival was similar to that in natural water. Survival was reported

u p t .o 29.0 months in sea water, When culture medium was added, the

interval was much shorter. In sewage~the organisms lasted up to 16

montho.

*Bacillus species (Table W 1) Bacillus cereus was adversely affected

by pH level. below 7. Bacillus megatherium was similar but less drasti-

cally affected. pH! above 7 likewise decreased recovery.

*Bateiopage (Table W 2) The death rate of' E. coli phage in tap

water was found to be of' the first order. It was extremely suscepti-

ble to irradiation while in distilled water. In sea watera small.

percentage of organisms survived after 30 days. Survival in physio-

logical saline was not as &,,d

Salmonella phages varied seasonally in natural waters, increasing

in the summer months. In sea water they could be recovered up to 7 days

after inoculation. Survival in physiological saline was not as good.

Shigella phage survived in sea water up to 30 days. This was

longer than in physio~logical saline.

*Brucella (Table W 3) Brucella melitensis and Brucella suis survived

up to 10 weeks in natural waters. Brucella abortus in pasture Water

survived between 8 and 30 days. Bruce).la species in general 'were
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sensitive to pH levels above 8 and below 6.6.

0Clostridiumn (Table W 4) Clostridium botulinum was present in ice

kept at -16 C. for a month. It survived processing and heating in

sewage sludge.

*Escherichia coli (Table W 5) In well waterEscherichia o sur-

vived 2-5 months. In river water it was round up to eighty-seven

days after inoculation. Cold temperatures encouraged survival in

natural waters. At 37 C., a pH of 5-6 was optimum for persistence.

Radiation, natural or artificial destroyed the organisms in a few

seconds. Stagnant water did not support it. One report states that

after 20 years in water stored in the dark, the organism survived.

Organisms were recovered from distilled water, kept at 0-8 C.

after 16 months. Increase in temperature resulted in a decreased

survival rate. pH 6-8 was most favorable for survival.

Ice was found quite suitable for survival of E. coli. After 163

days at -20 C., organisms could be isolated. They were more resistant

to freezing than to thawing.

In some cases E. coli could not be isolated from sea water. When

organisms were inoculated they survived as long as 39 days depending

on size of inoculum. Addition of culture medium lengthened the

survival time.

Organisms persisted in physiological saline for over 31 months

at room temperature but not as long at 37 C. At pH 8, 0.145 M NaCl

allowed better survival than a greater or a smaller molarity of NaC1.

Low pH or very high were unsuitable for survival at any molarity. In

sewage, counts were higher in the summer. The organism could be iso-

lated after 65 days.

*Aerobacter aerogenes (Table W 5) The organisms were well preserved

at 18 C. in river water for up to 73 days. Lower or higher tempera-
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tMres were not as effective in preserving the viability. Suirvival was

poor in raw river water. The presence of E. coll had little effect

on recovery rate, Survival in sewage was similar to E. coli.

*Leptospira icterohaemorrhagiae (Table W 6) This organism survived

in sterile or unsterile tap water up to a month at neutral pH. When

serum was added to the water, recovery was positive at more than 3

months. When inoculated into stagnant water, at pH 7.6 and tempera-

ture M5-32 C., the organisms remained viable up to 115 days. Likewise

in distilled water, persistence was fair, in sea water, poor. Sewage

was more heavily infected during the warm months. Organisms survived

in feces and tap water for 55 days.

_et-aza and protozoa (Table W 7) Entamoeba histolytica survived in

water at room temperature for 5 weeks. At higher temperatures, sur-

vival was pooro Ultra violet rays were quickly effective in killing

the organism, sunlight more slowly so. In distilled water at 12-22 C.

viability was positive after 153 days. Entamoeba coli survived even

longer. In sewage, survival was from a few days to a month.

Trichomonas vaginalis survived 45 minutes. Ancylostonmae species

persisted from 12-18 months. In sewage sludge they survived 5 days.

Necator americanus lasted 18 months at 60 F.

Giardia intestinalis survived over 2 months in distilled water

at 12-22 C. At the same temperature Chilomastix mesnili survived

187 days.

Ascaris lumbricoides eggs survived 151 days at 103 C.

Taenia saginata persisted in sewage sludge for 6 months.

Trichuris trichuria in the same medium lasted 22 days.

Paramecium did not survive well in sewage.

In general, if protozoa and bacteria were both present there tended

to be an increase in protozoa, decrease in bacteria.
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*Mirococuspecies (Table W 8) Survival of this organisrm in water

for up to six days was usual. Addition of pus or culture medium

greatly increased the survival time. Temperature range of 20-35 C.

had little effect on survival,. In distilled water, survival was about

the same. The organism was recovered from ice after 66 days. It

survived in sea water up to 36 days. In physiological salt solution,

survival was not quite as good.
*Miscell,,ueous Miero-or•is•(Tbl 9& 0

j is- (Table Vi 9 & 10)

Alcaligenes fecalis was found constantly in river water. It

survived 18 days in distilled water.

Corynebacterium diphtheriae survived 30 hours to 3 days in sterile

water, depending on the temperature.

Neisseria gonorrheae was viable for 22 minutes in sterile tap

water or sterile distilled water at 37 C. At a lower temperature

survival was longer. It survived in ice 9-15 days and recovery was

high in physiological saline, with culture medium added, after 6 hours.

Bacterium phosphoreseens was viable after one week in fresh water.

Lactobacillus casei survived in ice and was more resistant to

freezing than thawing.

Bacterium salmonicida survived up to 67 days in sewage.

Erysipelothrix was viable in sea water after 1 week and for a

slightly shorter time in drinking water.

Serratia marcescens survived about 100 days in tap water, much

longer in impure well water. It was susceptible to ultra-violet

treatment of water. In ice there were positive cells after 51 days.

Proteus species were isolated from river water. Proteus vulgaris

survived 103 days in ice. In physiological saline some species

survived 40 days.

Pseudomonas pyocyanea flourished in all kinds of water. Survival
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in distilled water was best at a low temperature. Recovery from ice

was high and from physiological saline, fairly good.

Klebsiella pneumoniae survived over 31 months in distilled water.

Survival was also good in saline.

NTTcobacterium species (Table W 11) Mycobacterium tuberculosis sur-

vived more than a year in tap water. Other reports on survival in

natural water varied from a few days to 6j months. In distilled

water, organisms persisted after 16 months. Low temperatures appeared

to promote survival. Survival in ice after 12 weeks was reported. The

organisms remained viable up to 131 months in physiological saline at

37 C. In sewage, Mycobacteria could be recovered from I hour to 35

days after inoculation. The lower temperature permitted longer sur-

vival. Manure kept at room temperature allowed survival up to 6j

months.

The avian strain persisted 73 days in stream water or sewage.

Mycobacterium paratuberculosis was recovered 163 days after

inoculation of river water. Persistence of 9 months was also reported.

Factors Affecting Survival of Organisms in Water (Table W 12)

The effectiveness of ultraviolet radiation against water borne

baeteria may be influenced by minerals in the water. Changes in

salinity and osmotic pressure are better tolerated by fresh water

than by marine organisms* The coliform group is not entirely relia-

ble as an indicator of sanitation as illustrated by outbreaks of

enteric disease caused by "potable" water, antagonism of some organisms

against coliform cells, great resistance of some non-coliform organisms

to chlorination, presence of pathogenic viruses and role of non-lactose

fermenting gram negative rods in enteric disease.

In lake water, bacteria were found in greater numbers in autumn

and winter. However, organisms stored in glass containers increased
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more at high temperatures. Mechanical dishwashers reduced bacterial

count. Sunlight was almost as effective in killing organisms on the

bottom of 50 cm. of water as those on the top.

Snow, with a large dust content, carried many bacteria. Clear

ice was more free of organisms than bubbly ice or snow. A great

variety of bacteria have been isolated from snow.

Bacteria in sea water are more thermosensitive than are terres-

trial organisms. At 40 C.,,8% were killed in 10 minutes. At -16 C.

organisms in sea water outlast those in distilled water or broth.

The protozoa serve to rid sea water of Salmonella. When plankton

are present, bacteria are virtually non-existent. The pressure

bacteria experience in the sea retards terrestrial organisms. Reports

were favorable as to the action of o,4ch* r, A•4QnQ I ,

Phctori- in seavge, while they may survive sometimes, are sub

ject to the action of antagonistic saprophytes. E. coli is attacked

by putrefactive bacteria.

*Pasteurella (Table W 13) pasteurella tularensis has been reported

to survive in water as long as a year. Natural waters become contami-

nated by infected animals. Other animals can be infected by inocula-

tion of contaminated water.

Other Pasteurella species survive up to 4-5 hours in distilled

water.

*Rickettsia (Table W 14) Coxiella burneti survives 7 days in water

at room temperature.

Rickettsia prowazeki has been found in well water. Both tap

and distilled water and also saline have an adverse affect on via-

bility.

*Salmonella (Table W 15) Salmonella typhosa at outside temperature

survived up to 40 days in well water. At room temperature, the sur-

vival sometimes was longer. In river water, low temperatures aided
(W 8)



survival. At 0 C., viable organisms were cultivated after 8 weeks,

whereas at 37 C., the bacteria survived 1 week. In pond water at

temperatures around 10-15 C., survivals of 4 days were reported. In

tap water, storage in the dark at temperatures of 68-72 C. preserved

viability for 43 days. At warmer temperatures or in the light, the

cells died off more rapidly. They survived 36 days in aquarium water,

up to a month in mineral water. Well water infected with urine re-

imained positive up to 14 days. The presence of other pathogens de-

creased the survival time.

Salmonella typhosa survived 32 months in distilled water at room

temperature. Survival rate was also high at 37 C. and at 0-8 C. In

ice, the orgasism wa viable after 7 months at 0 C. Another report

found 99.9% reduction in 8 days.

FIiltcrcd sca matcr supported the orGxiim ror 3'2 deyso Contaml-

nated sea water greatly diminished the length of positive recovery

interval. S. tphosa survived in physiological saline at room tem-

perature for 32 months.

In raw sewagejthe organism survived 3 days at room temperature

or longer at lower temperature. In activated sludge~it was alive

longer than 24 hours. Aeration of the sludge decreased this time.

Lack of aeration increased it. Sterilized sewage supported the bac-

teria over 3 months.

Salmonella paratyphi A survived only 2 days in tap water. Boil-

ing the water increased the survival 5 times. Filtering the water

and placing it at incubator temperature increased survival interval

25 times. The organism survived 86 days in filtered rain, 42 days

in distilled water at incubator temperature.

In non-contaminatdd sea water S. paratyphi A survived 18 days.

If the waters were contaminated survival was cut to 1/3 this time.
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In saline it persisted 33 days, in sterile sewage at room temperature,

7j months.

S. paratyphi B survived 86 days in filtered rain, 42 days in

boiled tap water sad 22 days in unboiled tap water. Reports of sur-

vival in distilled water range from 32 days to 25 months, depending

on temperature. Survival in ice was reported to be 17 days. Contami-

nated sea water supported the organism 12 days, sterile water up to 38

days. In physiological saline the bacteria persisted 73 days and in

sewage, 24 hours to 3 weeks. Sludge activation cut the number in half

in 1 hour.

Salmonella typhimurium survived in outside well water for 30 days
when E. ci was also p. i on r~tad sea water, it survived

7 days or 3 times longer in sterile sea water.
...... ... ..... ,n'.•.,-,y , c dy5 irn ent-amnIi, ted sea

water, 23 days in non-contaminated. This organism lasted 131 months

at 37 C. in physiological saline. It was sometimes found in city

sewage.

sgýigella (Table W 16) Shigella dysenteriae survived in well water

at outside temperature for 30 days. At room temperature, reports

varied from 11-71 days. Sterile water preserved the viability from

24-30 days. Results in unsterile water were very variable. In dis-

tilled water, the organisms retained viability from 7-73 days, in

ice up to 2 months, in sea water, under some conditions, 5 months

and in physiological saline 131 months.

Shigella Paradysenteriae (Flexner) persisted up to 38 days in

natural water and up to 73 days in distilled. In physiological saline

53 days was the longest survival time reported.

Shigella paradysenteriae (Sonne) was isolated from tap water. In

well water it survived 30 days.. S. paradysenteriae _•. survived as
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long as 32 days in sea water that had been filtered and autoclaved.

*Streptococcus (Table W 17) Streptococcus agalactiae was reported

to survive 66 days in natural water. S. pyogenes remained viable

in well water for 66 days. It survived in other natural waters up to

a week, in sterile distilled water up to 87 days, in physiological

saline, 12 days. S. faecalis survived 1 hour in chlorinated swimming

pool water. Under the same conditions, S. salivarius survived 5 min-

utes. In 0.85, NaCl, . tis was alive after 13j months,

*Vibrio (Table W 18) Vibrio comma was reported to have survived 391

days in tap water. Other reports ranged from a few days to a few

weeks. In well water it was found up to 62 days after inoculation.

In raw river water, less than 2 weeks, in springs, various lengths of

time, depending on the treatment of the water. Distilled water sup-

ported viabilitv un to 29 days or sterile diStill-Ad wt 5 ' ,Q Aya,.

Organisms were recovered from ice up to 7 days after inoculation. The

longest survival of the organism in sea water was 122 days. Others

reported survivals much shorter than this. Vibrio was viable in

sewage 48 hours. If the sewage was autoclaved, survival was not as

good. Sterile sewage supported the organism.

*Viruses (Table W 19) Poliomyelitis virus survived 100 or more days

in tap water at ice box or room temperature. Exposure to direct sun-

light cut survival down to 45 minutes. In chlorinated lakes, the

virus was killed in less than 10 minutes. In treated well water, the

virus disappeared in about 1 hour.

M sewage, polimyelitis virus'survived up to 2 weeks. At 4 C.

survival was even better. It was found regularly when cases were

reported.

Lymphocytic choriomeningitis virus survived 3-7 days in chlori-

nated drinking water at room temperature.
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Western equine encephalitis in the same situation, survived a

maximum of 5 days and St. Louis encephalitis survived up to 4 days.

The virus of yellow fever survived 10 years in distilled water

in the ice box.

*yeasts and fungi (Table W 20) Aspergillus survived 56 days in tap

or distilled water. In distilled water at room temperature, the fol-

lowing survived 1 year: Cladosporium mansoni, Aleurisma castellanii,

Actinoimyces, Monilia, Geotrichum, Epidermophyton flaccosum. In ice,

Saccharomyces survived 28 weeks at pH 6.5-5, 15 weeks at pH 3.7.
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TABLE 4J THEi ý'lJRVIVAL OF BACILLUS3 SPLCIRiS 114 AI-R

- Factor(s) ur~vival Reference

EXPER IMENTAL

B. anthracis
Spores, di.st. water, 25C.
Direct siin, strong ivind. m1oo,. 8,000 C7oionies.

Renov. 0, 2'h. Kruse
Ozone, 1[. h., 37 0. N40ro eec t Ranisome ..

Sunliirht with air 211 h . Roux 10637
II withoiit air. > 83 1'.

Stoeam urld~-r pros~suvfe, aiit"I
ci aye, 15 lbs. .30 min. Syiny th l$

13. subtilis
Spores, spray dryinES. Show smrill i~ortnliLy Bulilock 1.9t1.'
Air inlet tori~. , 180 ýJ. Shol smlall I

75c 10 k 11 1. vo kild

liquid 8uspe1181jol, 30 sed 50;0ý killc'A
Dýýod stbta, 70 (,., )I() r. it

lVI 1ýC. , I h. IC orIm to destruct.
Moist conttaincr, 7.2,6',

900., 1 h. Iesryd
Duist ýiltoi's Pc prorti~pitot' P's

8 id red at, the-. pres()i~t ud CO t ovnl-n sffnnA crin 'rý.
made hanteris fr'ee. Dal a.VC-:1le. lcAj-4

Exposed to U.V. Tnnurmrnhlc naloulus
I nil)., h2, 3 mill. Hit1C

Suspended In airs 22~ (t?2%) errgs/crl2 Hrt1
nec ssary for storili-

Bxt srye nzntIon of i~r .3 Sharp 19L40
Brot spaye inair2.6 baicteria/ft air

Iafter 5 d. 1 1l~ 1934~
Dist water slprayed in ~<~.10 h~net./10 ft. 3 ýiir

after 7 d. i
Infection depends riora, on iv Lvbility of' o rgpan ! in
than on settling,, rate. i

OUTDOOR t____
B3. anthraci~s21..

Dry air, 200 1'241. Smy th 1 gal
B. negatheriurn

Dust 13vidence of trans- ort
dur-1n1f storm ISo-Lae 1934j



TABLE 21 2 TTUE SURVIVAL OF BRTJCELLA SPErIr-S IN AIR

4Facyor(s) Stirvi val Rleference

EXPERIM~ENTALr
B. melitensis

Dust contarn~invtod i~ith
urine. 30 d. Chief 19)44
Dust. ' [ d. IKennedy 1905

Ozn 4 .,220 o effect IRp'riSOTrn 1901
OUTDO OR

Be melitensis
Dry dustý of I4slta 20-28 d. Horrocks 110 6
Dry stori).o ( is t, 20 d. t

Domip ste rile suil 72 d. 0

Dry sterile Tytinure 69 d.
~voi~st t tO7 d. t

itunsterile ~'20 d. f

In-idenc.- of infection hith1 whore total rainf½1 1
hip ,h and negl1Ar~l.hle in ser'i-arid areas. The
sterili -inr, e t'Th" - -f --nitinuous simli~lit s(ýems
to be p.'rarnoiint i~n ohoclding, dissernin!:tion while hi~mi-
dity, ralnfnll, sufllessitiss Ir (ncongestion of

anim~als favors spreiad. Polding, 1950



TABLE T SITW'IVAL OF CL OSTRIDIUM, COR 3EBACTELI1,N, LACTO-
BACILLI',i. NEI•S," IA • VIRIO SPE•C]ES IN AIR.

Fac tor ( s ) Survival Referenc

EXPERIMENTAL
0. diphthoriao

Ozone, I. h., 37 C. Growth resuied after 8 d.
incub. RansomOe 190

Air 2 d. Wells 1936
C. xerose

Maleic & phthalic anhydiides are more active
than their correspondirp; acids. The effuctive
vapor concentration is 25% saturation for
chemical disinfection cf air. WhIte a 1944

Lactobacillus acidopilus
Those whiich became susp ndod in tho air from
liquid media either P'y ratural or artificial
means settle out rapidly in 5-10 rain. DuBu-' 1947

Bacterial popul tion somewhat reducod by
radiation but not cunss teiie•lj. DuBuy 1948

Vibrio cholera
Water spray, cocoon thr ad. Recov. 0, i h. Kirstein 1900

"H " silk threoad Recov. 0, 72-108 h.
In Calcutta Death rato increases

Lth teroenrnture Ray V Y0
INDOOR

Corynebacterlumi dil:htherls(
Floor, d(ust, dark, in

vitro 7-102 d. Crosbie 1941
Floor duzst SW00jin'g"°. 5 wks. I

P, air aftor oiling flocr. Untroeted, there were
colonio8,"

During 'i oftor 8weeping 7 col.. Rravis
" quiet period 8 ", M1it;i"
" bed making 1 " Graavis s

Diphtheria patients Expulsed from resp. tracL
Oy 10 of 50 pationbs. Duguid 1946

Drying, R,.T., 25) min. Inoc. 204 col., Rocov.0, h.
"If (0 rin. 13 " " " Jochimoen 1928

Dust, dried, R.T. 175 d. Ouchterlony
1949

Dust Long p.riods Pressman 1.937
In talking ."' coughin , C iphtheria pa:tients fre-
qwontly omit droplets containing viable bacilli TeIgUe 1913

Air 48 h. Wells 1935
Floor dust ((Grk vis st.) 1 no. Wright 1941
Flor dust 2 no. It

Neisseria menin[itidis
Can be carried at night from a carricr to his
neighbor unles..-; bed .ce Is >ý feet. Eagleton 191.9

OUTDOOR
Clostridium welnbii

only spor'ulating forms survive when inCluenced
by oxygen under pressure or atmospheric air
Cor'dlitio rs a Ernst 1900

f~ or~y ~ ha c ipdi 2 tiloriA)
Air, drying. Surv. lung- t"h-.im. in dust.. -rnst IWaO

V. cholera Coldest rornth of year, dries out. Rogers 19a.44



TABLE THE SURVIVAL OF DIPLOCOu'CUS SPECIES IN AIR

Factor(s) Survival Reference

EXPERIMENTAL
D. Pneumoniae

Daeigh,---n simula ted

room environment 42 min. Buchbinder
1942

Dark, si•ul•ted room
environment. 12 h. "

Spraying into ntnosphere from large oaup. of broti,
saliva or 0.5% saline produced high mortality
rate at 50% R.H. At R.N. above or below this the
survival was prolonged. Dunklin 1948

When saline free liquid ased, the sharp peak in
death rote at intermed to R.H. disappeared.
The lethal effect of i ermediato R.H. on pneumoo
cocci atomized from sal va containing suspension
is increased when the p ticle size of the
droplets is increased o when the tomperoture is
raised. A narrow range of R.H. near 50% Is
rapidly lethal for orgaaisms freshly sprayed
in air. _Dunklin 1948

INDOOR
D. pneumoniae

organisms susD. in fresh iecov. 95. .3mmed. afto
at. mized saliva spraying.

Recov. 329 after 75 min. Robertson 1942
Outside body Brief duration Rohertson 1947
22 D., R.H. 50-80% Within 10 min. all the

pneu•no. had disappeared
from air at 50,10 R.H. 1948

Floor dust, Types I • II 0 ra. Stillman 1917
Air 48 h. Wells 135

0



TABLE L THE SURVIVAL OF ESCHERICHIA COLI
IN THE AIR

bFector(s) Survival Reference.

EXPERIMENTAL
Air aerosols, after atom- 25 % viable Ferry 1951
iz ation

Exposed to ultra violet Innumerable colonies
at 1,3, 8 minutes Hart 1939

Ozone, 4 hres. 60 seconds Ransome 1901
Air 1 day & 8 hrs. e1ls 1936
Broth & air, atomized, dart

room 120 min. Wells 1935
Ultra violet lamp off 30 min.
Ultra violet lamp on 12 min.
Ultra violet lamp covered 15 min.
Increased Humidity Increases resistance

to germicidal energy Luckiesh 1942
Susp'n in air 24,800, plus or minus

5.4% erg/cm2 neceasara harp 1940
for sterilizing air.

With ultra violet the bact ricidnl action is great- liford 1942
eat at lom, humidity. In atmosphere of 45% RE
it in about 10 times as lethAl as at 90% RH.

Cigarette smoke has no gm cidal effent & nulls ort 1940
germicidal activity of 10 hexyl resorainol in pro-,

SHumid Max. growth when most Kopeloff 1922
humid

Dust 4 yrs. Savage 1903

i*



TABLE TEE SURlVIVAL 0?' NICROO:IGN~tI3SM IN AIR

Factor(s) Srv~vnl 1 Iiuf (3rJ!cc

ALT I TTDE
B,9c ' n rIa R- r~o 1( s poir (3 !'olnrI,I t !0,000 Ft.* Arili. troiqý 1936(
Nutriont ns~r 2R Coy

pITT 7.? , 5,700 i't. atWovu
surfaco 103 c. )1onioo. Niiinrouis

hFootorl e& CriXýXid *a1('jig
'I-0 1 6~1113t 1htbo i3t~ilO5-'

p)ýe re PiroE iot killed
by )'ot bat "', drjno 8

Hig:,h 'r bacterial c~ountji i clauds. Dillon ~2
static chnrgo' that caua-. di1nok1.jinf; of' I-xrticeas

W'Ich oadhiered to p1 nitlDu hanm 94
Bacta ri a, r 1. a b tilri, o agi r'0r mi!1, ilcilll(1 tv~ar

th11-n in idry jittte. lfo o-J
Bqtcl aria 2r/Iinto air:

RH , Z10 .15 ;)d
21 C., 15~ vi~ii. 9>9 C"-/ kill1.ed t

Ozone ,o C. *In oxcus.N of ppm. in n ntrmo.,pThcre op
()0-')0/` j~R-j roq'!iredI W r'oduce q( ,I)vo.xIzatio1

Tonf ti~mes fli), .fly -,;orrr, P1'r d,,iy sa on
fo".Gy flaYs. LoGioncn L33 Subnor~mal. -an-shirw t-~'c iL~ .J .erioa respOli-
si.ble fop~ ourvival of in ect~ioua aeontoi in riir.
High coolinf, puvior 61,i U' strong winds reduced.
rusisterico oc peoplo Maiiso;ner 1();10

Decreasiný, Ikuimbur or ..sitcria procaoding froini
basement tc 4th floor. Parvis 14

ChalnCe associntion w Ltb) Jt ,"t pw t ~clas Irtciva-ir0
survival of ai~r borno o Lanisinw. Fc r sun'!,:'1 of

Navy Ros. 93
4caties descriliod bit tur I y iflsuct TWetiA' to S.
America in Y-ojRva des(.!t. Schlotthauu r

Study of # of' organI sins f c nd In upper atmrosphere
ranCging from 25 to 280 T irr: on 1 Aj.9

AGar prirtes at 19,,000 to 28,000 ft. prodinoad no
organisyns. _________ Walker l3

EXPER IMENTAL
Rats, G.P. Pe rabbIt3 ox- Certain aroas of largo
posed to aerosol of bect, spore cone. The groat r
Spores. the volume of tidal air,

the greater the # of
organisms in the lun s. Anon 1%q~

Propylene glycol 1oss ef C cient than phenol when
a-pplied as a pnint & batter than pheniol vben evap.) Baker 1944i
A number of air borne b):.O era were able to tsurvive
for a given time but deczeased by rnising R.H.
from 110 to 60% or higher Bakor 191%.1

Sterilizing of qir by 1J.V rndiation offectivo uller
the organlsiss are disper Hd in droplet nuclei,, the C19t6
smnallest particles heirg most vulneruble Bourdillon



TABLE _ THI SURVIVAL OF 1IICROORGAN ISMS IN AIR

Factor(s) Survival Roferonce

EXPERIMENTAL, CONT.
Air from sneezing 100,000 bacteria remain

in air over 1 mnih.
16,000 still in air
ovor 30 min. Bourdillon

Air with hypochlorite All or rriost of bacteria 1942
spray, 65 T., R.U. 66% omitted can be killed

in 3-4j min. by npray ol
NaHC1O in co!c. of 2.1
cc./l,000 Cu. ft. air.

Lower limit of offective
humidity is below Io0%
at 70 F.

Apps•ratus for determir).ti n of peaetration of par-
ticulate air borne material tlhroulgh 1noe described.
PRrticles greater than 5 r,,iora art filtered out. Bojland 1947

In ferieral, moving hot cir is more effective in
sterilizing of plane pollshed surface than still
hiot air of seme temperature Breinl n935

Size of agg•regtes of mic llae *--reased with con-
concentration of saline,,ICth incon:.,o time in
sediment ition ch mber. | 9autrebande| 1 (rJ, •

2an distribution of droplt nuclei. Disappearance
3 of 90% in 30-(0 min. Nue. e± greitet than 6 micra

in diameter survived 20 rin. 11luclei greater than
11 ,•icra survived 90 min. Swsllor nuclei survived
30 h. Duguid 1946

Racteria carried in handkcrnhief aftor 2 days uue
liberated -)n rild manual shaking. Recov. 14,720 Dumbell 191.8

Organisms heated in presei ;e of stosri -ro main-
tamned in ststo or InterrediA te hydiration which nitkes
them more susceptVble to killing action of high
'emps. than would be the ease if allowed to dry
out completely. Dunklin 1948

50,1 solution calcium chloride spread on floor will
prevent dust )--6 wecks. Galambo. 1942

Technic outlinnc3 for detoitnin'ng Fparticlo size
distribution of viable a r borne bacteria Goldberg 1950

Icans of sampling bapteri 1 aerosols 11 1951
Wave length of 2537 A hlg ly efficient in inacti- 1946
vating many disense agents. Hollaan(er

Factors which influence efficacy of glycol vapors:
1.) RH.H. 30-5o0/ 2) Grunt'r below 72 P. than ,!bove.
3) Yore effective %I.th d rt Re ,:ht than alono. Hirbu-,sor 1945

The physiological 9e biolor ical coucopt. for bactori-
tidal irradiation of sir have been ftirly well-
c'stablished by various I vesiigators. Hart 191.44

Relatively Iw intensity IV.V. of 2J3'7 X ill :nt~r-
fer'o with celliiilr divi,, on ' -,en.dty irnv!tIvate
Tmany d1asese agents whiel are not p-rotected by
other substances. Hollacnuer 1 9L42



TABLE j THE SURVIVAL OF MICROORGANISMS IN AIR

Factor(s) Survival Reference

EXPERIMENTAL, CONT.
House dust, 30-35 C., R.Hf Rcyr. 225/10 ci. ft. Hollaender

53-6.3% after 30 ain. 1944
The bactericidal effect of glycols varies markedly
with changes in temporat re & in humidity, de-
dreasing rapidly with te perature rise k reaching
maximum between 1[0 4, 64 R.H. Krueger 1944

Bacteria, oxygen, exposed
to sunlight 3 h. Kruse 199

Brecteria, hydrogen, ax-
posed to sunlight o 7 h.

Indicates that inhalation of dust borne pathogens
may be important mode of spread within group. Lemon 1948

Construction of apparatus for exper mental study
of r•,spiratory infection. Leif 1950

At a c .nstant saturation level of glycol vapor,
there was foid to be apyroximately ri two-fold
increase in the rste of lactuoicidal action with
each 15 F. increase in temperature. Lester 1950

At high humidities the pa ticles in equilibrium
contain so much water th t highly bact,.ricidal
concentration of glycol re unattainable. A limii

Equation given for determ.ng effect oP radiation
on bacterial populat ion. Lidwell 1948

Air nuspension, Low R.H. Bactericidal effect
The falling off in effectieness at loer hiuiditi s
of all bactericides con:;idered appears to be a
function of the bacteria carrying particles them-
selves. The maximum killing rate is attained onlý
at vapor concentration near or in excess of sat.

Vaiors of most coraron aerial disinfectants disappeirs
from the air at an apprec iable rate by one or morc
of a number of processes which include aerial
oxidation, dondensation Lpon surfaces, adsorption
by surfaces. The disalppnrance of the vapors from
the air appromated a ]ogrrythmir law over a range
of corcentrat ions. Lidwell 1948

Lactic acid is cheap brietcricide. Reached peak
between 60-85% R.H.

Bactericidal illumination ia much slower with dust
than with culture spread on slidos or Petri dishoi
at room R.H.(60%). Low irtensity U.V. i fluorescer t
li,,hting of good intensity appeared to destroy the
various organisms about f ive times as fast as
n&atural death rate in k ark. Lidwell 1950

The treatment of cotton & woolon bod clothes find ol her
fabrics with oil emulsior, is not roadi.ly affected by
changes in R,H.•. tamperot.ire or small variation in
concentration of oil emulsion uved. Loosli 1946

S Allphatic alpba hydroxy crrboxylic acids are iood
bactaricidal agents for *Ir disinfection. Lovelock 1948



TABLE /-1 THE SURVIVAL OF MICROORGANISMS IN AIR

Factor(s) Survival Reference

EXPERIMENTAL, CONT.
One gram of propylone gly ol aerosol in 2,000,000
of air effected c ;riplete sterilization of an
atmosphere containing as many as 500,000 boct./l.
of air . Miller 1942

Filters prepared from ,,olvtin permit the most
successful total recovery by cultukre procedures f om
an inoculun of a Known nmber of organisms in
contaminated dust. Mitchell 1949

Air, U.V. 20 micro watts Adequate disinfection
per sq. cm. (2,537 A) 250-500 see. Mudd 1944

U.V. 30 micro watts per
sq. cm. (2,537 1) 167-334 sec. "

Review of methods used in preparing aerosols Muller 1940
The two primary condition for the successful
a;.plication of U.V. for isinfection of air are:

I) the supplementary irra lation with dust suppres.-
!on measures since U.V. ight is not efficient
against bacteria protect d by dust 2) attain a
rnsdistion oC sufficiant ntensity but not 3o high National Ros.
as to affect the eyes or skin. Council 1947

Glycols are most eff'ctivw at R.H. botween )jO-t60o;
FAVLC , Loll! ). ',t1lVw )UL Niles 1 46

Effectiveness of any compound as an aerial germiicide
depends upon the extent of condensation of its vasor
on s.r suspended bacteri Pc on the rate nit which tho
resulting conc. of ern i ide can ,r.oduce death of
the organism. At any R. . the killing action is
greater the more closely the germicide vapor
concentration Approaches the saturation point. Puck l1547

Glycol vapor conc. mainta.ned at a level just
below the fogging point were found to be as ':ffec-
tive as luporsaturated atmosphoro. Presence of
visible ,ist of clycol Ui no way harrif,.l. Puck 1945

Air, A0 F. and below., R.11.
45-70%, sprayed with Puck 19013
propylene glycol Maximum ',actetcicidal ac ion.

Ozone shows no romi-tkaule effects on pathogenic
:)acteria Ransome 1901

No difference of U.V. bec ericidal action over a
R.H. ran,'e of 35-95%. 1ontschler 1940

Temperature of organisms within viability range)

hns no effect on action of U.V. 1941
Air borne bncteria about /I0 as resistant to U.V.
radiation as when in liqu d susponsion or on agar.
More resistant at high R.]. than in 1c R.II.
Lethal radiation 1c25 if bacteria first exposed
to heat.

Short intense dosago of b uteria with U.V. is lossI 1. thrtl to E. coli t Ian lng nild exposures " 1939



TABLE • THE SURVIVAL OF MICROORGANISMS IN Al R

Factor(s) Survival Reference

EXPERIMENTAL, CONT.
Treatment of bedclothes w~th medicinal paraffin

reduces amount of dust t at can be liberated 1941
from blankets by 90%. Van den Ende

Epidemic spread of contagion depends upon defi-
ciency of air supplied p r susceptible person.
The ten-fold increase in winter ventilation or
its equivalent in U.V. rdiation doos control
epidemic spread. Wells 1943

Methods of standard ba:teriologic procedure Wells 1946
Exwtination at autopsy fa led to reveal any differ-

ence between animals kept in glycolized air ?c t ose
in ordLiary roorn atosphre. Wise 12L7

INDOOR
Triethylene glycol acts ac do-humidifying & gerdi-
cidal agent. Introduced as vapor shows 90% re-
duction of bacteria in a r. Barrett 1.947

Definite decrease in ivici, euce in severity of in-
fections of tho upper pait of resl.iratory tract
noted among children kup in irradiated ward as
cumpi red with control. ýiayenberg 1940

Irradiated materials hid iucm greater bactericidal
action than non-irradic:tcd riaterial Beckhold 1937 7

# of colonies dimir ishud ýroportional to care taker
in use of caps & muasks. Brown 1c16

90-95% fewer organismns obtained from o2led blankets
th,.ui from contro 1 blinke s. Dingle 1946

Gram neg tive bacteria in air. R.T., Combined
spectrum killed -oat bar eria in 15-30 sec. of
U.V. radiation. Preceod: nL, freezing with liquid rir
makes grnam negative bacte ia ,ore strongly suscopt
to U.V. than gram positi a spore formors. Gartner 1947

Analysis of bacteria founý in large rural cenitral
schools. 207 Strep. !t-o ated fropi roons irradiatod
w.th U.V, compared to 318 fron non-i radiated roons.Gilereas 1"50

Marked decrease £,bs5ovud i total -ate of incidence
of upper respiratory infections following use of
propylene glycol va. ors. Harris 1945

Gives various organisms detected in operating rooni. Hart 1938
B;Acteria have definite variations in rate of multi-
plicatioo ,, amount of grcwth with changing con-
ditions of moisture Kopelof£ 1922

Filters of air condttiooer ),'ore Xffectife when
portinlly clogged wi ttb dirt. 1'eitber furnace heat
nor centrifuge action of blower ,,;e, rs to h:,vo at y
influence on # of orgarn is s recirculoted. Lemon 1944

Fluorescein dispo rsd i .t 1 I r oP room as powder.
Rec.overed "rot, dast aftC 20 swepings. ~owbutry !950

Saliva in air 16 h. Luckiosh 194
Organi.rms sprayed in air. 3000 or,. /cu. ft. aib.

14/ of Lnittal volue, h.
37 C., textile r'ill Colonies grew more than

tt R.T. Matuso 1943



TARLE . Tr!E SI:VIVAL OF V111100 VIANISNS IN AIR

, -cto' (S) Survival Reference

INDOOR, CONT'.

Bact-ria count. higher in Jan., March, April, Dec.
Lowest in Aug. *, Sept. Matuso 1943
If the entrance to lab. ii hung with cloth soaked

in carbolic acid ., the wvndow locked tightly there
is considerable reductior in bhcterial content of
air in the roon Oestorlo 1933

Bactorial content of :corn. ng ai.r ii, operatinG r.ourl
twice that of afternoon. Count i1 'Lower in the
summer Rice 1541

Use of U.V. amnps in duct of a.r conditioner sig-
nificantly reduced bacte ial couat. Robert,;on 1940

Roomn with ol1ed fl£ crs haI 70A reduction in ý:,tr
borne bacteria during ins imun activit " 17ý4

U.V. laups effective in r ducing bdcteria & pro-
\enting spread in air ducts. C).I. ld

R*T. , R 6 TT, 1-).O;•, glyco]
saturation 1.O-100% 2-3 riln. 1949

The higher the concentration of gljcol the more
rapid the bactericidol ,tion. Concuntrntioý:•, of
70-90% produced r, pid ki 1inn. Hiv83

Air in nursery. No nurse
in cubicle for 1 h. I -Ai ,. 4- . .

1943I I:urse in cubile 10 nin.
for diapering inflnt. 299 Col./iO cu. ft. air. "

No aLr coid..tioning, count
aloud from 1-50 without
face riask 25 col./1O cu. ft. air#

Air conditioning along di. not prevent spread of
respiratory cross ifect on. Gerxmicidal irrauia-
tion of upper afr togeth r with air conditioning
reduced # of respirvtory cross infections. Flannel
gauze nisk worn by a tenr ants of value in prevent- 1948
ing cr.,ss infection. Rosenstarn

Prevention of cross infection by TT.V. air condit. Sauor 1942
T.j[hulntion of 1,314.2 infections aoqulrod in the
laboratory. Recognized cecidunts in ?15 1.n:,tanuee
308 cases research, 455 cases diagnostic work,
25 cases product of hiolcgicals, 29 cases class. Sulkin 1951
Air bofore sweeping. 0.7/cu. ft. Thomss 1941

"" ( u2r II.1/cu. ft. "
"i after " 30 ,i,. •"

Trestrient of bed clothes ýith liquid pinrali.n
causes 95/ reduction in h organisms distributud
in asr during bedorking.

Sarples of air from U.V. 1ospital ward averagod
5 organisms /cu. ft. Wells 1940

UT.V. trradiation checked epidamic spread of con-
tagious diseases duriw.n rold wt---thea, wloen air
dry. Not effecti.ve d ri g mroist weather 1 19)

liecterial. reductions of 2(5o vith use of U.V.
irradiation in barracks. Wilimuon 948



TABLE J THE SURVIVAL OF 1IICROORGANISMS IN AIR

Factor(s) Survival Reference

INDOOR, CONT.
Rate of disappearance of '.)eteria from air follows

logarithihic relation wit) rospect to time. Dis-
appearance rate increases as R.H. increases. Temp,
did not effect rate of d sappearance. NaOCl aerosol
can effect reduction in -he bacteria in the air b t
requires a high mist can . The RH of air influences
effectiveness of serial actoricides. The vapor ressure
of the bactericides infl onces its use PA offectiveness
as aerosol. Low R.H. ro e favorable t'an high fox 1942
viability of air suspendid organisms. Williamson

Indoor dust 3-5 mill.ion barteria/m I Winslow 1 12
OUTDOOR

Strong proetolytic proteim, Aeration stimulates ba t.
20 f., Incub. 7 d. growth, decomposes cas in,

produces ammonia, de-
creases nit.rogen. Allen 1940

10 to 11 rag/cu. meter of bsolute humidity or greater
allows organisms to surv ve long enough for infect. Bey 1948

Air of sewers does not gi. e off germs. Jacobi 1894
Organisms in nir, heavy r in. 80% reduct., 4 h. Lewis 1907

"II it light 30 ,.
" " •.JT L •,,a.u " ... ujo f•.i4/ q. L'b.

" betwooen

70 q: 80% 144/sq. ft.
Air windward of town. 11/sq. ft./min. "

" leeward " " 27/sq. ft./rain.
R.T., textile mill Colonies Crom ,xternal

air thrive rore than
at 37 C. Eatuso 1943

Effectiveness oC U.V. lit t decreases rapidly with
increasing R.H. above 55 or 60•. The rays are mo 0
efficient against stio,]l part lees than Thrge. Perkins 19'47

Samples of outdoor countrj air avwrage 11j.5 c1i. fto
air/lactose fermenting o rganism. Samples of outdo r
city air average l0.2/cu ft. Wells 1940

Street dust 49,200,000 bact./gm. Winslow 1912
Air borne marine bacteria very resistant but lcilllc

by U.V. radiation just as readily as fresh water
or terrestrial species. Zobell 1942

Marine organisms collented on towers 30 milos it'-
land. T_ýrrestrlal organ sms collected 130 miles
at sea. Collections wer proportional tu wind
vel~c ity. Zobell 1936



TABLE 2 TEE bURVIVAL OF MICROORGANISMS IN AIR (ADDkaUDUM;

Factor(s) Survival Reference

ALTITUDE
Can be transported almost li•i tloss distances hori-
zontally depending on ability to survive atmospheric
environment Jacobs 1940

Bacteria found above 19,000 ft. at -26 Co survived
>48 h. Proctor 1934

Numerous bacilli, staphylococ i "e micrococci found
above 20 thousand feet. 1935

Windy weather prior to flight resulted in increased
counts. 1942

Flights 50-609000 meters. Ba terial distrib1 'tion was
Coccaceae 50.3%, Bacteriaces 3.65%, Bacillaceae 39.89
Actinornycetaceae 3.10 % Spillaceae 0o15%. Skrsynska 194.9

EXPERIMENTAL
Erwinia amylovora

R.H. close to 0. Viable & infectious after
1 yr. Rosen 1936

Hemophilus pertuss is
Air 1 h. Wells, 1936

Malleomyces mallei
Ozone 4 h, 37 Co Growth resumed after 8 d

incubation. Ransome 1901

Aerosols, air, after Resistant to shock. Sam
Satomization. vitality in aerosol as

in suspension. Ferry 1951Pro teus vulg ar is

Exposed to U.V. 61 col. 1 min.; 2 col.
3 min. Hart 1939

Pseudomonas pyocyaneus
Exposed to U.V. Innum. col. 1 min.,

38 col. 3 min.
Ozone 4 h. 60 sec o Ransome 1901

Pseudomonas aeruginos a
Suspension in air. 16,00(t 4.7%) ergs/cm2

necessary for steriliz-
ing air Sharp 1940

Sprayed into air < 1 d. Wells 193t
Air <1 d. 193

Sarcina lutes
Swabbed on tongue, nasal
mucosa & tonsil crypts. Usually impossible to

recovwr, Bloomfield 1919
Sarcina sp.

Airp R.To, R.H. 70-72%, Tr-
ethylene glycol vaperized
with hot air. 82% killed, 24 h. Gruen 1949

Serratia manecescens
Suspenaion in spray reduced Disappeared at rate of
to dust, R.T. 1.5-0.17 =m/sed. Re-

mained floating in quie
air of room 4 h. Flugge 1897

Water spray Recov. 0, 27-33 h. Kirsteln 1900



TABLE /t.THE SURVIVAL OF MICROORGANISMS IN AIR (ADDENDUM)

Factor(s) Survival Reference

EXPERI'JMENTAL, "CONT.
Serratia marcescens

Ozone, 4 h. 60 sec. Ransome 1901
Air breathed in thru nose Recov. 91%, 10 min. afte

and mouth, spraying bacteria in air.
Size of particles important:

Large particle 87% during spraying
Mad. particle 85% 6 sec. after spray
Small 62%, 10 min after " Rooks 1939

Greater recoverability of a dynamic cloud in wet
than in dry atmosphere. Rosebury 1947

U.V. light 15 min. Rosenstern 1942
Suspension in air 20,700 (t4.7%) ergs/cm2

necessary for sturiliz-
ing air. Sharp 1940

Air, 29 C., sun shining 3 min. after spraying,
6,000 Col. Teague 1912

30 min. after "
1 col.

Pure cult. in nasal passage. Shows nearly all organ-
isms destroyed before
reaching nasopharynx. Thomson 1896

Sprayed into air < 1 d. Wells 1934
Air < 1 d. 1936

Form & structure of organis ns may be factors affect-
ing persistence $- viability & this may be related
to infectivity. Ferry 1951

Wave length 25 micra acts s ronger against Gram neg.
organisms. Chromogenic ba.cteria showed conspicuous
stimulation at 313 micra. Spores were killed by
U.V. just as fast as veget tive forms. Gartner 1947

The rate of kill of air dri d bacteria was highest
at low hiumidity (15-20%);with rising R.F. the death
rate decreased. As air-dr ing period increased, th
rate of kill by glycol dim nished. Glycol vapor was
effective against particles as large as 8-10 micra
in diameter but not killed as rapidly as those of
I -4 micra or less. Robertson 1951

INDOOR
Proteus morgani

Dust of ward 2-12 d. Hoare 1943
Bacteria counts in test barr aks lower than control
following 1T.V. radiation. At the end of the study Jarrott 1948
open plates were found to he a poor method of air
sampling because stray irrad L:tion at 5 ft. level
induced a 19% reduction in counts.

Respiratory ,-icrobes, air,
U.V., 2537 J. Recov. 0.5%, 2 h. Knowles 1950

" Concentration of air-bmrne bacteria in army barracks
depended on (1) # of men present at one time (2) amoi t
of and ty',e of acti-ity (3) rargest # hactoria found
during greatest activity. Lemon 1944



TABLE THE SURVIVAL OF MICROORGANISMS IN AIR (ADDENDUM)

Factor(s) Survival Reference

INDOOR, CONT.
Air borne bacteria in major iurgery roughly propor-
tional to # of people prese t in surgery & to
activity on floor proper of surgery Nisbet 1938

Microbes in air. Longer in huntd than in
dry air. Rochaix 1931

Air, ward, during bed moking Quiet, 22/cu.ft. air.
Beds in making, 510/cu.

ft. air. Rountree 1946
OUTDOOR

Hemophilus influenza
Death rate hih during 4 mc. period of high R.H. Barreto 1948

0~ 2



TABLE 4 THE SURVIVAL OF MYCOBACTERIUM TUBERCULOSIS IN AIR

Factor(s) Survival Reference

EX'?ER IMENTAL
Water droplets carry microb s. G.P. not infected

after inhaling dry tubere e barilli for 1 h., but
infected in few seconds iiihaling humid ones. Rain
does not play important pathogenic role. Fog does
play Pathogenic role Aimes 1933

Droplets on plate, 45 0.,
20-38 cm. from speaking or 300-600 times increase
coughing persons mouth. in count. Flurge 1921

Loud speaking 40-1,000 Times increase
in 30 min. "

Drops from bronchial tree in
20 coughs. 100-8,000 times inc.

Sputum of tuberculous patie t. 50,000 bacilli/mg.
Tubercle bacilli dan be rec vered from macroscopical y

normal lung tissue of rab its seoeral weeks after
primary infection 'Hepplebton 1949

When radiant energy of low ntois .;, it redudes the
incidence of T.B. Lurie 1944

U.V. of 2537 Angstroms ex,ýrised protective influenc
against natiwal air borne contagion.

Ozone, 37 C., 4 h. |No effect Rasome 1901
Use of saline solution in the Wel will_

not permit collection of ubercle bacil". in atmos
phere. Because of size, he baqilli fall out of
atmosphere rqp idly. When expelled from mouth they
are .enclosed in albuminous material which tends to
stick to whatever it cont cts. Sin 1939

INDOOR
DTust in air of rooms of tu- 1 of 50 G.P. inoc. with

berculous persons, R.T. dust died with T.B. Augustine 1929
Surface dust from rooms of

tuberculous families, R.T Foumd in dust six of
24 observations.

Dust from clothing of tuber-
culous families, R.T. 10 of 62 inoc. G.P. die

of T.B.
Washings jfrom childrens hanas,

R.T.- ` No results
Open pu)"lnary tuberculous

patient. Expulo;ed from reap. tra t by
10 out of 20 patients. Duguid 1946

0.5-0.1 Mg. cult./cc water Bacilli in bronchi 1-72
sprayed in G.P. vicinity h. Negative 14)I. h. Heymann 1908

Dust (3-14 d. Kirstein 1905
Sputum droplets 4-7 d. "
Hypochlorite k quatornary.

ammonium compounds. '.'Jnpk tuberculocidal
effect &Iarzm ann 19.51

More emphasis than usual sho ld be laid upon measures
to prevent contamination 40 air. Specific experi--|
mentation has proved that U.V. has mnrked favorable
effect. Long 1951



TABEE _/42 THE SURVIVAL 0;7 "MYCOB3ACTERIUM TUTBEnCULOSIS IN AIR

F ator(s) Survival Reference

INDOOR (COT'T)
The use of glycolI i-is vaporm is suggested for killin

tu )ercle bacill i iii closet spaces. Potter 1.944
Dust Long periods Pressman 1937
Aspiration of 1.l.1 en. ft. a r/rnin. not efficient for

air sampling for isolntiol of T.B. "
Sputum in d r shaft 45 d. Ransomr 1905
Dust of T.B. wards. Can withstand drying Rogers 1C,'20
Sputum of floor 2-21 moe. Sawizky 1891
Dust, room) hospital Ž home Long periods Thomas l91i

OUTDOOR 1
Dust, sunlight, (Iry 72 h. Caldwell 1925
Mixed with sberile dust,

direct sun rays 5 h. Sweany 1919
Inhslation of a few tubercle bacilli in the nuclei

of droplets coughed or sneezed Into atmosphere is
of greater consequence than from larger number of
orgmisms in coarse partidles which are strained
out in the upper resp. pudsage 9c ingested. Wells 1948

L



TABLE T•• T1E SURVIVAL OF PASTEURELLA SPECIES
IN THE AIR

Factor(s) Survival Reference

GENERAL
Dries rapidly Eskey 1938

P. tularense
Streams & grain in Russi Rats and mice are Maximow 1947vectors

Tularemia infection acqu red by inhalation of Ayres 1948
dust from threshing mills contaminated by infect.
ad rodents

L[



TABLE: A_ THE SURVIVAL OF PROTOZOA, NETAZOA, B3ACTh1RIO1HAGE
AND RICKEiTTSSIAE SPIECIES IN AIR.

Factor ( ) Survival Ruf orence

EXPERIMENTAL
Bac toriopIbge

Transmitted through air with droplots R dust in
ranneir entirely analog cs to transmission of
bacteria Colvin 1932

Colloids protect bactorioph:-ge against drying
both in vacuo or in air Kriss 1948

Rickettssiae spp.

D7yr Nine Nile, Henzer-
linc str.'4 saline susp.
yolk sac. .30 min. Ransom 1951

INDOOR
Rickettssise, typhus
Y~jbe trsnsmitted by air. Loffl or 19112

OUTDOOR
Entamooba histolyt icca

cysticAir ried Rcoxv. 0 Kuenen 1913

C. burnoti
AiF of goatery Known infection in herd

contarinates air con-
diderably. Lcnnette 1951

Af

I-:



TABLE A THE SURVIVAL OF SALMONELLA SPECIES
IN THE AIR.

Faetor(s) Survival Reference

EXPERIMENTAL
S. tvDhosaPaper slips in vapor of Recov. 0, 1 hr. DeOme 1944

35 gms. phenol/1000ocu.

Water spray Recov. 0, 27-30 hr. Kirstein 1900
Ozone, 4 . rs 60 seconds R naoime 1901
Ozone, 4 hrs, 22 C. No effect
Air 8-24 hrs. Wells 1936S. dysenteriae(Hias Y)Air 8-24 hrs. Wells 1936

S. Daratyp•hos-aAir b-24 hra. Walls 1936

S .Dull orum 1 4Inaireaing RH from 15-809 increases death DeOme 1944
rate. Given RH with in .reaso from 28-37 C
Death rate increased. rhe combined effect
of increased temp. & HE appears to be cu-
mulative, .

INDOORS.• Dul lorum
Air, .•,IH 15% 50% death, 27.5sec. DeOme 1944

Air. PS C R_- 46% 50% death, approx.
7 seconds.

"Air, 37 C, RH 42% 50% death, 5 see.
When dispersed from broth into dust-fi~ee

air its death rate was greatly decreased
indicating that certain materials dispers-
ed with bacteria may hales a marked protec-
tive ao'tionr

OUTDOOR
S. typhosL

Direct rays of sun 4-10 hrs. Osler 1901Senteriditis

open air, broth plate Recov. on 5 occa- He,-,lwtt 1905
sions.

'I



TABLE A /_ THE SURVIVML OF STAPFHYLOCOCCUUS SPLCIES IN AIR

S _actor(_s ) Survival Reference

EXPERIMENTAL
S. albus

0 /I. of propyloneglycol, R. TT. 41ý :
Immcd. afto-' spraying Control, 9750 col.,

1 cu. ft. text.
15 min. after spraying Control 9360, 1 cubic. t.
30 Tn n. " " 9260, I H

60 " it " 3220, " " Bigg 19144
Sprayed into air, R.H. 50% Lethal for organisms.
R.H. on either side of " Prolongs survival Dunkliri 19).
Sprayed in norosol. Safe ozone cone. (0.011. ,pm)

in R.TT. V,0-90% exorted 9isinfectant action h1ford .Y9)P2
Exposed to TI.V. 66 colonies 1 min., 2

I col. 3 min. Hart 19339
U.V. LIT I 926,200 nrgo/sq.cm. cuff -

dient to kill. all slis-
pondod hncto-iA presena
with exnosu:r- of 1.062 •cc. Sharp iK5

Suspended in air 23,300 (ý5.11) ergs/con
n3cesssry for steril.
aiV. Sharp, 194•0

S. aureus

Dried in iasal secretion i
in handkerchief'. L,,. # surv. > 1 no. Duguid i 48

"Suspended in air 26,500 (±5.7,-) crgs/cni 2

necessary for sterili-
i zing air. Sharp 1940

Sprayed into air 3 d. Wolls 1934
S. citreus

Exposed to U.V. 102 nol., 1 miim, 6 cul.
3 n:,l. Hart 1939

S. pyog•eies
Greater num'ers released .n (lust than by snoezng.50; Oeduction when wearing .iurgical gown. Duguid 19118

S. ap.

Killed rapidly at 70-90, *.TI. with sprayud HC1O.
Bactericidal effect reduced in otrnosphere of ex-
tremely low carbon di.oxi e contenit (0.001%) com-
pared with behavior in N1. Organisms in finely di' -
persed mixture lilled mofo rapidly thbn those in
heterorenouily sprayod pirticles. El.-ord 945

Woiinds crotis infcted 18 of P8 surginal woebnds. Ro.ontree 1947
INDOOR

S. albus
Air during Pý after clean- Feoned in air during lot

ing. 9c 2nd ho:!rs. Furthorer 1946
Dried on glass, 15-16 C.,

R.H. I 5_0%, Exp. to
Exposed to ozone for 5, P!o kilin• or TnhibitioG
• 6 ýý 9 hrs. of bacteria. Galli-valorio



TABLE' T I' SURV~IVAL OF1 STI\ITYLOPOCCUS SPEC I S 1Y~ AIRi

Factor(s) L Iiva Rafaronce

INDOOR ((COTlT.)

Air durinr,, a ftcr' aloan-. i.Pound in zdi during 1st~

Y cs t ol' jufoctions f r~oni nir co ntfmnao hph. Topor-or 19

atnýroomt prsonrol "P p) t.ient . lHort 1.()3

Floor dust 8cývt~rfll days. fLidwell 4
Surv lvrs buttor ý.t low thnn tit hir,,h R.H.

Air of operating room Survivod in U.V. lifhJt. Pho1. p r 1.939
S. spp.

R.H. 5-80, r':aximmaii' humidity effoot
botw(,W(nf t)O 4'Robe r lul 1 9,;!

OUTDO)0OR
S.a'rciuei
Con(,. ralcium cl-i oride, Lctnit prrowth wilth mnini-

R.T 1,11 1 nun humlity . KopJICoff 19-22



TABLE A THE SURVIVAL OF STREPTOCOCCUS SPECIES
IN THE AIR

Factor(s) Survival Reference

ALTITUDES. app.
Sprayed with 5 ml. of 95% killed; 5% recov. Andrews 1940

1% hypochlorite sol t n.
Oiled blanket, plates
exposed 5 min. during
and after beating 170 colonies

Unoiled blanket, plates
exposed 5 min. during
and after beating 1030 colonies " "

EXPERIMENTAL
S. pogenes(Group A)

Expose to daylight in
simulated room envirn. 252 min. Buchbinder 1942

Dark, simulated room
envirn. 65 hrs.

Sprayed in air, settle
on filter paper, day-
light. 6 hrs. Buchbinder 1941

S. pyogenes(Group B)
Exposed to daylight in 66 min. Buchbinder 1942

simulated room envirn.
D-rk., simulated room 132 hrs.
envirn.

Sheep blood agar, 18 hra, Remain viable in dust ouchbinder 1941
37C., dark room, suap'n of room at least 2
in air. wks.; some impairment

of virulence
Exposed to ultra-violet,

1 min, 98 colonies Hart 1939
3 min. 12 colonies

Air and triethylene gly-
col, C02, 70F., RH 40% 10-15 min. Wise 1949

Bactericidal effect of ir adiation of bete strep.
appeared to depend on bo h RE and the susp'n vied.
Organisms in films preps ed from serum broth cult
containing dust behaved ike those of dust and
were more resistant und r dry conditions. Org.
in films from extracts oi dust or from serum bro-
th culture were more sen itive under dry condit.

S. pyo2enes(Group C)
Sprayed into air, RH 50%, Rapidly lethal Dunklin 1948
Sprayed into air, RH a-
bovs or below 50% Increases survival "

Propylene glycol vapor
cone. 0.2mg/l, RH 42%,
1 cu. ft. immediately
after spraying, 4166 colonies Bigg 1944
15 min. after spraying 3120
30 min. after spraying 1760 "
60 min. "i 442

Sprayed in aerosol. Ozone in safely tolerated cong Elford 1942
(O.04ppm) in RH of 160-90% exerted a disinfectant
action.



TABLE /4/_•(CONT'D) THE SURVIVAL OF STREPTOCOCCUS SPECIES
IN THE AIR

Factor(s) Survival Reference

EXPERIMENTAL( cont'd)
S. pyogenes(Group C)

Infections mainly due to particles smaller than Sonkin 1951
l.8u in diameter. As bs teria median diameter
increases from 1-12u the aerosol dose had to be
inoreased'10,000 times to kill 50% of animals.
Pulmonary infection oce rred much more readily
than URI.S, pyogenes

Sprayed into air Rapidly killed in dry Wells 1942 1
atmos., but protected
in moist.

RH 40-70% Disinfection most app-
arent here. "

Sprayed into air Many float for many hrs.Buchbinder 1938
after all droplets
have evaporated.

Exposed to room environ. No evidence that proper.Buchbinder 1941
ty of any strains were
adversely affected

Oiling blankets, bed lin n, garments, and floors Cruickshank 1947
reduced bacteria and he olytic strept. of air
during bed making to 91-98% below control ward

S. viridana
Exposed to daylight in
simulated room environ. 44 min. Buchbinder 1942

Dark, simulated room
environ. 26 hris.

Sprayed in air, settled 50%, 5 min. Buchbinder 1941
on filter paper, sun-
light

In dark and sunlight Survivql ranged from "14=93A
Wounds 3 of 82 surgical wound Rountree 1947

S.-.alivarius
Sprayed in aerosol. Ozone in safely tolerated con Elford 1942

(O.04ppm.) in RH of 160-90% exerted a disinfect-
ant reaction.

3, z ooepidemicus
Atomization reducea chair length by 50%. Recov. o Shechmeaister
of viable organisms decreased with distance from 1950
atomizing nozzles when cone. c611 susp'n used
no. of mo. required to infect was larger by air-
borne route than by direct nasal route.

S. aDD.
70-90% RH, HCIO spray Killed rapidly Elford 1945
Irradiation classrooms 207 colonies Gilcreas 1950
Non-irradiation of class- 318 colonies

rooins
Strop. susp'n in air -ommin viable a t loast 2 wk Buchbinder 1941

in dust of room with sore impairment of virul-
en ce



TABLE 4..(CONTID) TME SURVIVAL OF STREPTOCOCCUS SPECIES
IN T1E AIR

Factor(s) Survival Refarence

INDOORS
S. pyogones

Blankets, ENT ward 14,400-7,344,000/cu. ft. Rountree 1946
of air

Use of oil, water, and Reduced no. in air 33- Shechmeaister
Roccal emulsion 63% 1947

Air 48 hra. Wells 1935
Dust 25 des. White 1936
Floor dust 67% of 185 samples Williams 1949
Air from patient with
cellulitis, PM. 3 recovered Willits 1941

AM. 40
while mnking bed 6
while making bed briskly 14

Room air, scarlet fever
ward, blood agar plates,
exposed to air 3 hrs.
AM. 334 colonies Allison 1937
Afternoon 22ý colonies
PM. 19 colonies

Air in infant ward Total counts for air in Brooks 1942
UV wards consistently
lower then control ward

Air in scarlet fever ward Absent at night, rise in Brown 1937
AM, slowly falls in PM

Found in congregation in Buchbinder 1938
cities
uisat Several weeks Cruickshank

1938
Oiled beds 26 of 307 cult. positive Dingle 1946
Unoiled beds 160 of 441 ", positive
Droplets from cough 39 of 87 pts. were th- Duguid 1946

roat carriers
Hospital dust, air settl-

ed on filter paper in
Petri dish, dark 65 hrs. Garrod 1944

sunlight 4 bra.
Hospital floor dumt, R.T.
dark 195 dam.
diffuse sunlight Bactericidal "

Air in dormitory 0.22 inf. particles/cu. I-Green 1945
Air in movie 0.33 inf.perticles/cu ft
Air in school room 0.63 " "
Air in recreation room 0.38 "
Infections appreciable on ly when preamiaes occupied

Diminished to low level very quickly after vaca- " "
tion.

Information relative to o curence in air of hoap. Hamburger 1941.
Nasal carriers desperse' P-100 times an many strep Robertson 1947
as do throat carriers al no.

Some influence of humidit on death rote es in Robertson 1948
pneumococci(l0), but offlct less pronounced



TABLEdLL (CONT' D) TBE SURVIVAL OF' STREPTOCOCCUS SPECIES
IN THE AIR

Factor(s) Survival Reference

INDOORS( cent' d)
S. Dvoaenes

Talking ......----- - Robertson 1948

Relative dry air, saliva Highly susceptible af-
suspended, triethylene ter 5 hrs. desiccation Robertson 1951
glycol vapor

Air, low RH, saliva,
suspended in air, tri-
ethylene glycol vapor Slower rate of kill

after desiccating 20 h
Droplets from coughing Practically none expoll.Robertson 1948

ad.
Blankets >4 mos. 11obertson 1947
Floor dust Several das. Lidwell 1950
Army barracks, air. Contiminption high in spring

, low in 0inter and summer. Bedding of persons Loosli 1948
with positive culture a owed higher count, High-
eat counts obtained dur ng max. activity.

Air and dust in hospital From w ar wound infect- Miles 1940
wards ions

Air in barracks during 40/10 cu. ft. of air Miller 1948
heavy activity

Aiw in barrc1ks during 2/10 cu. ft. of pir
moderate activity

On floor, petri dish,
dark 20% &live, 14 das. Phelps 1939
diffuse light (1% alive, (7 das

Sprayed culture Practically all settled
in 48 hrs.

Air, single noseblow by Millions recovered Hamburger 1946
carriers,

Air, coughing by carr- Relatively few rocov.
iears

Sneezing by carriers Very few recovered.
Triethylene glycol, RH M8.6-54% reduction Hamburger 1945
40-50C, bed making

Air, hospital wyards, gly Diminution of bacteria I1amburger 19)45
col vapor of 32-75% during per-

iods of glycolization
Air after shaking cloth Persisted over 15 min. Duguid 1948

S. Ryogofnes(Group C)
Ultra violet In low corc. of Pir, IPenle 1942

UV markedly reduced
bacteria

Freshly atomized Not killed as fast as Robortson 1951
those in low humidity.
floating for 5 hrs.

RH 15-20%, floating in Killed twice as fast as
in air for 5 hrs. those exposed after

atmmization



TABLE L (CONT'D) TIM SURVIVAL OF STREPTOCOCCUS SPECIES
IN THE AIR

Factor(s) Survival Reference

INDOORS( cont'd)
S. vy ogenes (Group A)

Bedding and floor dust 4 das Lemon 1944
Air 378/ cu. ft.
Air, droplet nuclei ex- 50%, 20 min. obertson 1948
pelled by sneezing

Vapors of lactic acid, Gave good kills of org Lovelock 1944
mandelic acid & trueth- in sprayed saliva
anolamine, RH 70%, 15-
21 C.

Air, dust, R.T.. 2 wks. Phelps 1941
Dust Long periods Pressman 1937
Blankets and air Many months Robertson 1944
Glycol vapor Caused 70% reduction

in bacteria
Room, floor & blankets
treated with trietbylene 90% reduction
glycol

Survive better at low then st high RI1. Lidwell 1950
Dust, oiled linens and Survivs 19 wka. 9?.3% Bigg 1947
floors reduction during bed

making. 79.1% reduct.
during sweeping.

Ist hour after cleaning Found in air; not Furtherer 1946
found after 2 hrs.

Air drying Many mos. Ernst 1900
OUTDOORS

S. tyogenes
Air after shaking clothes Persisted over 15 min. Duguid 1948

S. R-D.
Air, drying Many mos. Ernst 1900



TABLE /j U THE SURVIVAL OF VIRUSES IN AIR

Factor(s) Survival. Ruference

ALTITUDE
Numerous viruses are carried along with dust into

the atmosphere, many of which are not killed
blht or heat. _ _ _ _ _ 1927

Influenza
Vapors of lactic acid Sterilized nebulized

allantoic fluid infused
with influenza Catalano 1948

Moisture, stagnating molst air, ammonia, Rc other
alkaline substances in the air increa.e inci-
dence of grippe. Presence of acid substances
in the air anid dry cleer weather counter-:rct
grippe epidemics. Cauer 1949

Dust, drying Inoc. 1 X 104 after dr'.
Recov. 0, 3 wks. Edwards 1941

Air of exporlrient:ol tanb 1 h. " 1943
Aerosol over wator- (PR9) Recauction in I.nfectivi-

ty 90%t 30 rinm; 99%, 1
160%, 3 h.

Influenza ' irus disporse d in air ir• killed more
quickly i!, hm-id than dry sir. Exposure to
bright daylight increas s the rate at which

sprayed organisms die ol• in air,
f 56-57C. for 30-45 min. Necossary for inactivat. Hirst 1943

Atomized suspension, R.11
50 Death of 22.5% exposed

mice Lester 1948
Atomized suspension, R.R

30-80% Death of 100% expo.ýed
mice. it

Atomized, dialysed susp.
R.TT. 5o% Death of all If mice. "

27-29 C., R.H. 80-c01 Infectivity time 1 h. Loosli 19:3
it -" 6 h.
"T 17-24% 21 ) h.

Dust dried in floor
sweepings. IPR8) 22 h.

Vaccinia
Chorio-allantoic r.(mb.

hiiick, sprayed in air 8 hrs. More susceptible
to room environ, than
strep. Buchb inder

1941
Virus retained virulence in all gases for 3 wks.

when kept at 4 C. 9oc e avirulent at 37 C.
Pure oxygen or carbon dioxide gss destroyed
virus at 18 0. Noguchi 1918

Suspeptibility of virus bo irradiation is of same
order as bacteria Rivers 1928

INDOOR
Influenza,

Sterile blaket Survlv',s drying Krueger 1942



TA13LE 4 /R TFE SURVIVAL or.' VIRUSES IN AIR

Faotor(s) Survival fe :relic a

INDOOR, CONT.
Influenza

MtTs-57ed Into air (A) Killed riore swif tly I-
humild than in dry air'. Looali 1943

Dust rLon'ý 1pariods Pulvertaft 14

TFice exposed1 20 iiru.IPRr.) liecov. in 0 rnit-G 20 ;:i.Robertson
19112

Air Infected riice af'ter 3 hi. Robertson '9'193
Dust 0% o. Survived for datys W

Air, R.H. $ý9-0, 1c
triethiylene_!1-lycol vr .( .14~

Air, R.TT. 25-30',',, lcc.-
triethylene -lycol vsap r. 36 )1.

Air, dry, rifter shaking,
canvas floor coverinfg 6 d.

Air N4alky diuys.
Lab. nonditions, 1 cc.
vsporized triothijlunb
glycol. glyltilH14

of' ti-t'1hylenue [glyCOI Killed *m 2-3 1 Iin.
Saturation I4O-i00/%a

R.T.,, R-11- 1'>4j.OýV 0 9 4 ' 0"ýE i sd Pli~ce connl RE01V
2atur~t ion of glycol j~m~tucted agsinst loth,,
70-90;'o concentration of virus.

Salt fre'ce virus stomnizud iuito an &tmosphnrou f
R.H. 10%. All w~ice cii d ind.icating that lethal
uffec of O% humidncity iad boon aboliihced by
removal of Salt. flohertson 1948

Air, q rciyed wi~th glcc'1 )1-.-6O nin. It1943
Dispersed into air, R.11.

20r'-30%, M4ice oxposed. 22 iodt R Hi 45-60-"
Domth ri-to i.1c. to ý)'ý
R.II. wbhýn all *'Lee diee.Robortson 1948

Type A. The %* recovery of' the v~jirs aerosol wss
indopendcrct of In itial ,',riauritra tiun of atom izec.
masp nsion. Tigh ooruaol roco vory obttxined In
axý,rer'e ranf-es of' im6l' 1.-.; ninimum recovery
60,,2 R.H. The riean dia otex' of influeuiza viruu
aerosol we.: <0.5 1r'icra. Charactorized by -*reator
infectivity when introduced by air horxm nothod&
rathwo than Intra-nasal routes. Shocki-Oois ter

1 950
R.H '0 32"-P$ (A) Hirghj uorosol rocovary

it 60~Mi mri1 ~
OUTTDOOR

Foot & mouth
No1nýT ' atrwosphoric. cond. I wk. 190-~ /)8
Relat ed reý on id olovgical. y to distribution in
duest . oat'VQrtrl!'; 194.3



TABLE Jj THE SURVIVAL OF VIRUSES IN AIR

Factor(s) Survival Reforernce

OUTDOOR, CONT.
Infectious jaundice

Dust borne dried excrete carries caisative organ-
isms. Less common in towls than rural districts. Andorson 1947

Influenza
Mucin in air (Type. A) Recov 0, 1§) h. Parke' l9vj
Air current Recov. 2, 12 h. "

Dried with talc in dir. 0, 22 d. "

R.H. 80-90%, Icc. glycol
vapor < 24 h. Post 1945

Dry 36 h. "

Smallpox
Epidemic in India
H•midity rise Lower incidence of

disease
Low absolute huridity f vors disease. Rogers 1923
R.TT. low absolute Seasonal rises Ln inci-

dance "_19_I.8
G-I'ERAL

Air borne viruses killed As easily as Strep.
salivarius by Halo mista. Edwards 1943

Animal viruses have sonsitivity similar to bacteria
at wave length of 2537 • Hollaender 1943

Mieans of obtaining, infect ons in lab: 1) ýq use of
Wring b)lendor P.) 0pni -- sealed glass arn-'oule.
3) I1h~lation of infoct ou3 matrial 0) InaeqUat.ý
disposal of o., ' ýtarninatef material. 5) 11nawaquate|

handling of autopsy mat' rial I Smadel 1951



TABLE ;THL SURVIVAL OF YEASTS, 1,OLDS 'c FUNGI IN AIR

Factor(s) Survival Reference

ALTITUDE
Alternaria

Air Found up to 16,000 ft. Stakman 1923
Black stem rust spores

Viable ip to 10t,0o ft. in the air. Cotter 1931.
Cronertium ribicula

Air Found 110 miles beyond
limit of pines Pennington

1925
Aeciospores in air !"arried 300-4.00 miles

in Pacific coast regior'.Lachr¶'und 19'1
Funjvi imeprfecti

Air Found at 36,000 ft. Rogers 1936
Gyrnlos po rangilmnAir Viable basidiosporos

Cound up to 2,000 ft.
Good ; vla'.,Io sov. d. MacLachlan

19 ý5
Mol ds

-o-und above 1',600 ft. in tho air Proctor I ',
Pestalazzia

Air Vial&, slj;toes at 13,000
ft. ovur Washington, 1) C. M'eler 1933

Phaeocry topus gauxanw.
Spores :3lown across North Sea

from England to Deniarl.!Iuchwald 1939
Puccinia g~reilinis

Spores Blown from south into
Dakota & Yfnn. in 2 d. Lanbert 19'29

Spores collected at 10,C00 ': 16,500 ft. in
Southern U.S. in spr n, . Proctor 1942

Tritici carridd 50-250 Eilrnetaios ovor sua
without loi.ing vihboilitj. -Dou-sakov 1926

Air, blown fror South tc Dakoi•s & AMinn. in 2 d. Stak1an 1934
Ragweed pollen

Air during flights. (Greatust conc. pollen at
3509) ft. Heise 1948

Rust
'Spores From height of 5,000 ft.

in 30 1ýi. wind may travel
up to 1,200 mi. Proctor 1942

Spores 3 mi. high Stakman 1923
Sclerosnora nhail;psi

Air .Viable spores travelled
8-80 ft. WVJs ton 1923

Uredeospores
Found vi'-blo up to 5,000 ft. it 1lorway House,

Manitoba which was a.4. umed that Lhey hod boen
carried horizontally for at ]wast 200 1,1. Bailey 1(120.

Of loeaf A- stn,, rust. Found up to 10,,)00 Ft. I Sttal•,an 1,23
G-noral

The influence or' winds Anoft on the concontratioi
of sol Ld particles is o r:tnor iriportance comn-
pared to l:3pse rote. 1Teisa 1949
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SU124ARY OF ABIREVIATIONS USED IN TABLES

elk. likaline
avg• avorasg
C. Dogroas centigrade
Col. Colonies
cone. conc ntration
cont'd, cornte continued
at. colunt
cult, culture
de, ds,, das. day or days
Dessic. Desiccate
dill, dilution
F. Degrees fahrenhait
fl. fluid*
G.P, Guinea piA
gal. Gelatin
heI hrs. hour or hours
inc. increaso
Inoo., Innoc. Inoculate
irrad. irradiated
L9. Large
max, maximum
med. me di Um
met. me thyl
min. minute or irnutes
moB, months
mul t. multiplied
org . oi'gani sm
path. pethogonlc
physiol. physiological
ppm. parts per million
ppt. precipitate
R.H. Relative humidity
R.T. Room temperature
Recov. Recovered
rofrig. refrigoration

oeo. second
senait, sonsi tiz ation
soln., sol'n solution
app. mpenies
str. strain
ausp., auspIn Pispension
T.B., tb tuberculosis
temp. tesperature
U.V., U.v,, UV Ultra violet
wks. weeksX -time s
Yr., yrs. yerr or yebrs

greater than
< less than
A' p,•mnt; plus
0 none
- minus
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TABLE B._•/.TiE SURVIVAL OF BACILLUS ANTHRACIS IN THE BODY (AND
BODY MATERIALS)

P Factor(s) Survival Reference

BLOOD
Blood, R.T.. moist spores 60-90 d. Mi.nett 1950"" dry it if
G.P. blood, 25-30 C., opened

before decomposition 1-9 mos. Stein 1947
G.P. Rlood stored 3-In 0. 35-159 d.

G.P. feces Spores in 7 of 19 Stein 1947
SKIN y

1001 inhibited rwtrial huran skin Hill 1933

Ukine of G.P. Vegetative forms in 19
of 28 cases Stein 1947

TISSUE, GENERAL
Muscle, G.P., 25-30 C., Ope -

ed befcre decomposition 6-7 mos. Stein 1947
Liver & bone marrow, G.P,

25-30 C., opened before de-
composition 6 mos.

Spleen, opened before de-
comosition, R.T. 3 moe. "

Stored 5-10 C. 14/-24 d.
Continuous freezing, spleen

-60 to -70 C., G.P. Destroyed in 90 d. "
Carcass of unopened G.P.,

25-30 C. Few alive in 72-80 h.-
Carcass of unopene4 G.P.,

5-10 C. 4 wle
Carcass of unopened G.P.,

R.T. 9 nose



TABLE B3' THE SURVIVAL OF BORRELIA, LEPTOSPIRA, SPIRILLUM AND
TREPONEMA SPECIES IN THE BODY. (AND BODY MATERIALS)

* Factor(s) Survival Reference

BLOOD
B. recurrentis

Defibrinated, refrigeratec
sheeps blood 195 d. Beck li37

Infected blood, Inoo. Intc
physiol. saline with
boiled egg white Still viable 3-4 wks. Krantz 1925
At ice box temp. 4 d.

Rat blood, -48 C- Remained infective for
mice 27 mos. Lofgren 1945

Iced blood 1 wk. Toyoda 1931.
Rfat blood, -12 to -20 C. Infectivity maukedly re-

duced, 6 wka. Turner 1939"it to )-78 C., Cooling 2-6 h. "

-78 C. tk 0 C'. 2-6 H. it

Clotted blood, R.T. 6 d. Wynns 1935
0 0. 1 OOd.o

L. icterohenorrhagica
Blood, defibrinated, R.T. Still infective 7 d. Uhlenhuth 1916
light of day, 45 C. " " 15 min. "

So minusFrozen 1 yrs. Turner 1939

S. ru.ruin
"Sterile rabbit blood susp at least 5 yrs. Froblaher 1947

T. pallidum
Citrated-blood & plasma Occasionally at 48 & 72
stored at 5 C. hrs. Not after 72 hrs. Bock .1941-

Human blood & plasma, 5 C. 72 h. , olmer 1942
Serum exudate from chancr ,

R.T. 121 d. Lacy 1921
10% rabbit serum, -20 C. 2 mos. McLeod 1949
Frozen plasma, -73 C. 3 yrs. Ravitch 1942
Blood, ice box. 96 h. non-infectious Ravitch 1949
Plasma, -20 C. > 4 h., non-""
Rabbit plasma, 5 C. 6 d. Selbie 1943
Blood of G.P. , 14 C. 2-33 d. Sergent 1938

" " 20 C. 33-60 d. If
" "t 0 C. 7-8 wks. it

""0 C. 1d. "f
Citrated whole blood, 5 C 72 h. Turner 1941
Plasma, 5 C. 62 h. "
Human serum, physiol. sel ne
under vaseline, R.T. 5 d. Zurhelle 1927

In organ parts, R.T. 3 d., 17 hrs. It
FECES

Borrelia spp.
Feces 4 wks. Gowen 1945

L. icterohenorrhagica
Feces 24 h. Noguch i :918
Urine, Body iemr... wks. or mos. Sawers 1938

L. ioteuAPnorrhagica
R.T. Still infectious 2 d. Uhlenhuth 1916



TABLE TIE 'nSURnVIVAL OFF'ORRE.1,A IETS]RA, SPIRILLUY ANTD

P.fictor~~ Survival Reference

TISSTIES., 0, 1 T',1~ I,-i!L
Bo du~ttistro. 7 0., 1i mc. Uag 13

Frozon nalblt t os t s 78C 1 yr., Turner 21939

infetd'.Plvei'to ill Irc- 26 d. Buchanan 1927
;Vho " pig i~ivor ''1 ooks'.

"2 feon'abia virulent 100 d,. Stravitsky 1 C45
Whole pigý liver blocks, t

1'o l -I I -fd 0
I0ro,'&n rablit- toest,;S, 78C- 10 mons. Turner 1939

Dcipoigliver, RT . 27 hx's. Uhienhuth 1916
].nf,ý.c.ted liver, 1?T.1, 3 d if

Inf ec ted G. P., livor, i r, 2;') d. Wit

Droemad pautpslissue 5 C, 3-5 dnys after death Armuzzi 1926
Rabbit testisy heaovy sus!- 72 firs,, Block 1941

3 5 C0.., mixed w thes,-tis 6h3
Testicul~ri' n vitro x-tr'act,

39 C. 5 r. ok13

41~ C- I ý hr's AW
415C 1 hr.,r ~Dosd bodios otf cong. acyphjl

li-.c chvildran~, rrir. 21.j -36 h, Hof fmran 1926
flaobit testes dried in

vaCUO from _L'oz.;fl stfito nil. llaipp 1(51
Corpse of ooflg* 6yphiil it;1
ch ild 5 d, Koch 1911

Corpse ofWIW
child~, dried(9 Jineu -17c. Recov., 0 72 hrs. Kratzeisen 1923
Liver ýI steri-lizodl -ali.. Rec~o'. 0 72
Liver with houiiloh. Ii

Liver w.1t h C>1W II

Liver wit.1 I II

Huinan autopsy mr- ~it.t},~u
Ice box II.R h rs .Lacy 1921

Chancre / di..W
Saline susp., rW'blt tes-
ticle,, ILT. 59 d1.

Rabbit testiclei. ice b)ox.. 13 ýj (I.
Rabbit testes, 5 Co Rnco'., in 3 d. Levaditi 1914.6

Autopsy matl;.. from yjh-
l-itiG Potlerits, 5 C., Roc~ov.. inl 3 d, I

Siisn. v&.'bit Lestes, --.79 d. i M ~cLeod 1ý-91.
tissue sum.T)., 37 C- M1.h.TIN-= 1930
Syphilitic P]nu.,., TO C., 3 h, Neisser 1911

it If ic h s ).h.It
I? I V.3 C,30 a.

Tissue susp.. 0 C, 2 h.. Mi~yao 1930
Autopsy miitl1.in 1upe hoý j7 (I Rosahn 1935
Rabbit testes 10 di. Porry '1948



TABLE -LfLr'1iI'- 91ffi\11VALrO ' k0II~F,TIx, U'hPT0SPý11A, SPIRILLTJI AND
TRJA'ONHEMA SPEcK1E'3 [N THE, 130DY '(CONST). (AND BODY MATERIALS)

Factolk¶3) Ztui'vival Reference

T ISSUES, " TINWl.RAT-, CON Tf. -

Treponemra Lny~ici.1idrvi
Fro vm e:ia~~ .3 moo.it~~ .~9
Tosticulnrn extT'arts, -10 Cl k 2 mo~n Turncux 1938

-20 C.1
It If -0I

79C 1 yr.
Testfos of' rabbit;. -79 0C. 3 y ra Turner '939
Excloaed ,hnncro, 11T

Dr-led in vacuum 68 hr'ri. to 4~ d. Zurhelle 1927

37 Ct.Is S 9ip. Miyao 13

ToQý,i.cular uxtract;s, -.78 . yrý Turnier 1938
Tttstes of rabbits, .7A C. 3 o,,3 Turner 1939



TABLE THE SURVIVAL OF BRUCELLA SPECIiLS IN THE BODY (AND
BWOY MATERIALS)

4 Fac to •'() Survival Reference

BLOOD
B. abortus

Steril- raý)blt blood susp At least 5 yrs. Frobisher 1947
B. bronehseIp[ia

, terile r abbit-blood susp 9 yrs, "
nroth culture. 0 C, 43 d. Hampil 1932

B3,, me.[ir~nsl•s
Sterile rabbit blood susp, 3 mos. Frobisher -1947
Normal skin of (i-P, miore vulnerahle to 13. melitensl
entry than digesti,.e tradt. Hardy 152 9

Citrated 1,C0 from con-
valescing .pat'ent.. 6 mos. Spink 1950

B,, suis
Sterile rabbit blood susp 3 mos. Fro blsher. t)947

FECES
B' o bortus

Isolated from patient's Surviving in 16th month
stool in 101 CO,, aerobi - of infection. Amoss 1929
ally and a aaerohically.

R 1 melitensis
Dry, sterile manured soil 72 d, Horrocks 1906
moist, sterile f " 7 da "

"i" unsterile " i 20 d,
.B suis
Feces, ster'le, dark. 100 d, Anonymous 1933

"""" 00 (1 Cameron 1933

SKIN
13. melitens is

34V inhibiteed on normnal
human skin Hill 1933

URINE
B, me! It ens!l.

1aP b-h-- g .Io'16 d. Bang 1,9j94
Urine cntarn. with dust. 30 d.. Chief 1Ii44

TISSUES, -ENERAL

B., abor'turi
Uterus of cow, PoP. 9 mosg 1897
Uterine exudate " ros. to

Hog, lymph nodes, Found in pncking house McCullough 1949
Dogs fed aborted fetus,

placenta Pr lymph nodes. Virul,,Int 151 d. Morse 1951
B. melitensis

Uterus, ]oP. 6 d., Bang 1897
Colon at autopsy More prevalent in cold

wet season than dry & hct. Eyre 1908
RB. suis

3-7 T90 C,, In vivo Did not persist for rro-
Slongod periods. Braun 1.951SHog tissue, -1()FP Still viable, 30 d. IHuddleson 1933

Spleen Recov. small 1j. 40 d. it
Swine tissue, 9  10 F, Teocov. good 4o d.
Spleen, 40 F, 45 d,"



TABI~ LE, TUIE SITRVIVAL OF CLU'Ti: ll DIH, CORYNE-BACTERIUJ14 HEMOPHILUS,
~ LCTBAIJTTS, MALI1EOMYC . ?, MI (CIWOACTER IUN, PRTU PSEUDONONAS,,

SERq~API~A & RSTETTQXIN URTT P0DY,-4-MWD-_QDY1-4ATER A1L8-)---- -

F~ s r. Fto r (3) -urvi val Roferences

BLOOD
Clostrid! t~, ietzIii

Free sjoros frorn suinwims
'dy.Inv of tetanus,, Inj(ect,
S ub eit o n oo i s IY Recov, up to 17th d. CanI'ora 1907
May i-2i1inifl dornnnt at sit(- of' injection for as
longy as )I mos. Francis 1.914

Corlyn cm'nctoerium p.,eudo tube r
c'.1lo8is (fre~sz-11ocard)
Iloioisetanfl in f sk ixýL 11os. Urbain 1930

Waied rIed in darn13ight t
(seum 121 itAel9

teile ratbit bod.is ldeso tan

siirvived 13 yr's. Frobisher 1947
Hemophilus inflaen,,aa

Sterile rabbit bl~ood1 wisp, 6 wics. or less Frobisher 1947
:r3lood broth, -.15 C. hrs a~pl 1932

-.20 C. 1~ brB.
Hemophl~ius pertussis

*Sterile rabbit blood susp, 6 wics. or less Frobisher 1947
Lac tobac illusRidpi~1 2 us

Sterile raýbbit- blood s9usp, At 1nast 5 yrs. Frobisher 1947

Sterilerabbit YIocd foisp ý5 Yrs.
Proteus spp.

Sterile rabbit bio~d Pnsus 3-9 Yr's0
Pseudomonas slp..

Sterile rabbit bloodPS1 s 5sp y 'r:-.
V VECES

Cl. botulint,
Pecos No survival Burke 1919

No survival in human &
animal f o~llc ing in-
'V 0s tio0n Easton 19ý24

C1. tetani
Dog feces :16 d. SorD~ani 1891

yMalleomyse.9ps rie I Id~: e I
26-27 C., nillturfo 1 27 d, Pletcher 1928
1L/ phenol , 3 7 *24hH

1%_formalin., )10 C. I 2 ii
SKIN1

Proteus species survix.oci -kn hno
filttr pa per 1.9lt 1W4

1.6% inhith.Ittd on normal 4kin Hill 1933
Pr;eudoflonra' neruglnosa I-1 4Survived lonrei' on skin t1Jnn ori filter paper Hellat 14

14,4% 1.r1hi1,1it,.1 on' nornuil ~kin Hill 1933



TABE RI) ';'TTE SURVIVAL OF CLOSTRITDItM, CORYNEBACTERIUM, HT!NIHILUS,
LA-T ~ .. S, MATLnOMYCES,, MI xCTEROITUM, PROTEUS, PSEUDOMONAS,
SERRATIA 1,RYSIPErOTfTRIX IN 'TTTE BODY (AND BODY MATERIALS)

0 Factor(o) Survival Reference

SKIN (CONT.)
Serratia maroescens

Skin or arm, culto dili
1:1,000, dry Inoco 718, Recov. 94

after 5 min. Arnold 1934
Skin, cult, dil. 1:1,000 Inono 696, Reeov. 151
mo11t aftor 5 mrin. "

Skin of back, not washed Inoc. 1,000, Recov. 1
after 30 min. Arnold 1930

Skin, body temp., dirty o0
fItty. Recovo 0, 30 min. "

Skin, 37 C., before dryinp Inoc. 34,000, Recov. 0
in 15 min. Bryan 1933

Skin, 37 C., after drying Inoc. 51,000, Recov. 0
in 10 min.

Sterile rabbit blood susp. At least 5 yrs. Probisher 1947
Survived longer on skin t 8fn on filter pmer Hellat 1948
16.1% inhibited on normnl skin Hill 1933
Palmar surface, clean hand inoc. 1,200, Recov. 0

after 2 mmin. Norton 1932
Washed hide Inoc. 520, Recov 0.,

after 20 min.
Palms of hands. Inoc. 1,200, Reeov. 112

after 1 min.
Kept moist by water vapor Inoo. 920, Recov. 1,000

I after 30 -min Ncr ton 1931
Dry surface of skin Inoco 770, Reuovo 900,

after 70 min.
Skin of forearm O-O minen"
Skin, moist with water Inoc. 310, Recov. 150,
vapor. 30 min.

Unwashed tanned hide, dryl Inoc. 3,000, Survive
1 4 hrso 15 mLn. .

Washed tanned hide, dry. inoc. 2,440, Survive
1 h. 20 min.

Dirty or fatty skin Several hrs. Sinqer 1929
URINE

Malleomyces psoudonmillei
26-27 O.A cultuve 16 d. Fletcher 1928

TISSUES, GENERAL
Clostridlum botuli•,mn

Intestinal tract, •2 K. 4 fos. Burke 1919
CI. sporopenes

War wounds.. 5 yrs. Anonymous 1923
C1. tertiu. |

War wo Imls, 5 yrs. "
Cl. tetaniLiver, spleen, hone marrot,

lungs, lymph gllirds. Freq Recov. up to 55 d. Canfora 1907
spores from dying anina o 3,i

Kidney, spleen loundat site of inocu-
nfter 26 hrs. Koser 1917



TABLE F. ' sim 11v-tvn miO '',O'R DJ1 O~RYNEBACTERIThI, ILF-0Oi1iiLUS,
LACO A .1TI ~ ,~' L f~oMr 12 ?'U, AOTIT 13fIM P '3fIPETTS# I'SUDOMOP1AS9

--R T A ~ PIYT?[X 2'0Y.ANLtY6DY MATERIALS) ____

~i 4 F½c to I ('t ~ria Reference

H~ors itol- tueL4 rU Noble 1915
F'resh G (. P. f cci1 l
Remain viinblc at s itof

1, '10(-11.-at i on 6 vls Semple 1911
Rvwovro ~:~Pd t r.()m 1liver' q) 1 001
k id i (v ,11n'- *ý' honie may'r'ci

flJ~l~wI rij (!cut IjC t' 1, l3 to niosý Tarozzi. 1906
Corjynr ~ituhmrl;DhtIwri Vinn n os acrgr19

T~'.. 'rin ioci 91 ---- ' w k C Abel 1393

Th"r'o t otf hoy rofte at-k6msMageor19

Dri ed, dak1oH~l I
Sunl ight 10 1'? 0.
Sol. ted or pivnklod tflo:-t 3 mo ?~s
rarevsi z of buirie-d ai-iimal- r i, , Lst ~

l h-~20U C. 1- He t tclie 1.Q
So rr ati Aiia i- nerFo~ n ns

Muh 016 1) TVe age 2



TAB3LE TMlf SITPVIViO, OP DIPLOCOCCUS

_____(AND HO)D• MIATERIALS)

4 t.__ ,w (aurvival Ref erence

R..,nef,,lo tubk'.'ý Clrk JArkharow 1892
iruh ')81.v11, or 0.1-3/ nall Voiry h1'gh mortpllty Dunklin 1948

Type I
Bruth.'qaliva. Or , .981. Lonig por'iods

A~n su,,pvn,, R.{., above or
bezow 5O%, 'lyp6 I

Iri C'z 1in*to P;.p.' .37C. 65 i., i rs. Emmerich 1.69)4
S~ii~ivabbit olood suspln 5 oi h1 strains--5yrs. Frobischer 1947

11 0;roinsq 9 yrs.
F-', iat defibr-1nnibtd biood r Pio0,5. Gilbert 1896
Rahbi t blood driaid Z10F 5  IT' In . Stillmani 1940
glass & gazm~e, ligilt

:1dork, Type lI(smootth)
4:)F.,, in ioe bo)x.. diark,, mo rn
glass & gauze, Typo Il

8 OF. 61! 1f~igt. 1 uio,
drleO, 'rp driol

80 F0 ,, . n ginss, dark, roI Tý'#
TvPo I

40 F. in ic-,box dlark, Typo~ I
gla s's .s mo~q

gauza M (",.I
8POP daylight,, gJ. n ~ & glll- 53 )-lo-

80OF. da~l-9 -glniss, Typvi 111 7 no 0 s .
SOP. dairk,, gaaz6. Tyvpo, III o sI~o
40?'.,, mark, Ic>3box w~l 13 rno'-% I

SPUTUM
k! 1 ý1 .;. 897

'37C,, driod L~noGuarniari 1888
Dried in test. t~ubw, d10 WIC Stillman 1940

diffusQ cayjgirh., Tvt~pol.1tI
Dried, ice box,, 4W". rk 40 , Yk3
Dried, Type 1 4 -k' f 8

Dried iputinn, (I nr k, 35 d Py-! Woodt 19o5

() C~,J dark 35 doys
MI~os sputtum, 2,)('. ii~rong '., d ay.5 9

~. I ght
Dried;, sunlight .'4~j h i'b.
Powderod,, dark b~ 1H
Powde~red,, eunlligl- I-Al..
Sproayd 24 hvý

__ ~Moist sputum1I/
U ~~Drled, dnr~k dy i

diffuse 1jjh ~ _ 305 dPiY6 8
GNER AL _

3<'-.35, C. Abdoif~31o1i clivity 4-5 fiinyi Foa 1888



TABLE TIHE SURVIVAL OF' fW.RICHIA COLI, AEROBACTER AND PARA-
CULOBACTRUM iT Tf P[ý BODY (AND BODY MATERIALS)

4 FL tor( l Survival Reference

BLOOD
Noniu] ro h). c qorumn, dryi.ng Doat.n rat1o logarithmic Chick 1912

so thnG it, is proport-
fon-,! Lo conc. of sur-
vivingA bpcterii.

M.U. r,idtid tO 1Or'mnl rnb[it Living bnot, remain "
q' roCe s il t I ono'ry .

FEC i.]
Coo,r f ;3 ti. Cohn 1950
Fl. :At";oL, RoT., ,iqrk (Ih ei y' Dold 1944
Stool. dr1od on i lter pa- >h15 dnyV

pt~r, RT, , t1aric IWatery stool, R.T. d -113 ddas a
Thin ,titeery stool driod on

filter paper >143 d nys
Fluid stool, R.T., dark .
Fl. stooIl dried on filro p

paporl' R.To, 9 -)ork l bc-,v, pure cult. >8 MoB
Fl. ;stool,, R 0 T. dark m5 rnot, 16 days
Stool,( dr-lod nn fi ltor pa- o ro• Pi days
par , dark., J?.,?i

YF. stool In dark, H.aT. >3 mrs , 19 days " "
Dried stool in derk, R.To 7L days,4 Fl0 stool in dar'ic, HoT. 1
Dried stool In (lark, RoT. J idno
Fl. stool, dar'k.. HioT. d a Yi
Dried stool, d .ir-< lHtlT. > .1. days "

Fecal spn20 Gi 6u vclik Jordan 1926
i d C'd. 0 daysi.0 C° 2 . 'k•

• C. i ABC. wet, ka
R3. T" MOB y .

• o-ed to open r,-1 .

Fecal e0mulsion diluteC,
diffuse sunlight d day s. Me Naught Idys
Inside window il dF 1yas
test tube, dLrum t qnniifi~j1. 9 hrA,1

Faces, salinn suspln.d37 C.1 t3 rues Parr 1931
Faces, saline sunp'n.oieo-. d dya

box t,-rop o

on c taes, 37 C. ;yr. ' a os.Faces 40 Co ý;

Feces, - 1. C. 3) It.. "I"
Feoeas• 9 ce-bobx Lý;emp . diiys

SFaces, tiinl'r& 61 F., /{•ol',, 3.-10 In 4 wks. Savage 1917

inoc~r.t3 , oq.5;'2 Fo,
Fo'cus, ou Lb;.Lmp' [býAzzard

5Ans. ih•OOO/gin.; IHo c uvo ru ý none, 16 dnq, Tonney 1931
S '8 ~~on atiirmp, sprilng, n ':
SII•{l•00/ g117.6 ri', ,),, t,, none, 153 des.

fon stuttip, ,,,fra s0esoIo1 0 d nn 2d

lnuc .. 3,':3 0()0/ [gin,. lU6co , o rod none, 22 dos.



TABLE "CI01N T'D) I•TE SURVIVAL OF ESICHERICHIA COLI, AEROBACTER AND
--PARACOLOBACTRUM IN ThII BODY (AND BODY MATERIALS)

•Fntor( s) Survival j Reference

" Palmar surface, clean,, ino°. Recovored 1 after 10 min Arnold 19304,000
Skin, body tomp. dirty or Several hours
fatty.

Skin, palmar surface, clean, Recovered 0 after 10 min
hand, body temp.

Skit•, 37 C., inoc. 78,000 Recovered 0 after 10 mtn Bryan 1933
Wiping hand ,,ith tov.,el Grubb 1947
Survived longer on skin tnnn on .fllter paper Hellot 1948
33% inhibited on normal human skin Hill 1933
Palm of hand Entirely destroyed in Krueger 1942

10 min.
Skin, desiccation, high RoH- 8 hrs. Rebell 1950

99%. 96 F, 2 ks_
URINE

Exposed to open air, -8 F to; Mi0 asys Lu-Ti-Huan 1930

Stomach-absenco of free IfClj Coitforms found in ab. Lohr 1927
undance

SIsolated from frozen shrimp more frequently thAn any Holmes 1949
other coliform organism.

FECES
Aerobacter eroenzoes

Crude, dil '-L,/',oo00 Pot givon Atkinson 19311.
Sterile rnbbit hlood rum, . 3"9 vyr;.. Frobisher IC 47
Found by rnpny workers in •,rnnn ftmoo Gray 19'32
Fresh, RT. 16 Jordan 19?6
Pure cult, on --turn durin

zznIard d i Tnnninv 10,1

An.ro.bcter rogone,-
-5 inhl ii on hormal hutan skin Hill 1933

BLOOD tParacolohan trnm •onorofnns
Sterile rabbit blood susp 3".9 y r. Frobisher 1947



TABLE B? TUE SURVIVAL OF METAZOA AND"PROTOZOA IN THE BODY

(AND B3ODY MATERIALS)

Factt or(ll Survival Reference

BLOOD
, ~Anaplasmosls (Bartonella

. b ovi._•s )
Dried blood 43 des Dypstra 1948
Blood submitted to heating 0

and chilling over period
of 6 das.

Plaemodlum viax

to -70 C. 10-15 das Saunders 1947
Trvyonosoma _____

Bats kept at low temj15
10 C to 3 C. Do not develop Kalabuchov 193.
33 C. to 37 C. Develop in blood in

short time __

FECES
Entamoeba histolytica

Faces 37 C. 2-4 hrs. Gurevitch 1947
Feces, 25-30 C, 5-8 hrs.
Feces, 6-8 C. 8-10 hrs.
Infected fercs, 27-30C. 9 des.. Kuenen 19131.

37 C. 3 deas.
Infected renes, with lec Recov- 13 dead 1%,oomo

salt mixture, freezing, hre.

inoc. 50 cysts
Stool emulsion, R.T., all- 10 min. Spector 1934

owed to dry on fingers
Dried feces Instant death Wenyan 1917
Very dilute fcoi.A > 1 mo.
Feces with froe C?> ri No effect in several

w ster, .0,l0OO(: hrs.
0 .,q 16 nr. cult. 9 des. York 1926
16-20 C. 7 des.

o C, wased .cor-C. If 17 e
16-20 C., wearied & conc. '10 des.
suspensi on.

Human feces, cult. tube 14 des. Dobell 1936
R.T. 4 hra., and 14 C. for 2 des. Beaver 1949

14 hra.
Soil plus stool plus water b des.
R.T., I hr
140. 12 bra. 4 des.

28-34 C. 8 and 4 days.
'Feces 3 das. Rudolfe 1951

Entamoeba coat
Human feoes, 1-2C.9 cult- 4 1/2 mos. Dobell 1936
Ure cysts

Stool emulsion, R.T., all- More resistant than Spector 1934
owed to dry on fingers E. hietolytica

nto•noba m morcorcarum
* Monkey feces, naturally 4 1/2 yrs. Dobell 1936

infected



TABLE 7, (CONT,1D) THE SURVIVAL OF METAZOA AND
PROTOZOA IN THE BODY
(AND BODY MATERIALS)

j• Fý0c t or(.s) - {Survival Reference

FECES ((CONT '11)
Hookworm

Night soil, dil. with 99% kIJ.]ed, 2-3 wks, Cart 1q25
urine, summer temp.

Nlight soil dil. with 99% killed, 2-3 wks. Cort 1926
urtile, itimmer temp.

Human feces, direct sun- Letnal even in moist Faust 1924
I J. g lit tropalcs

Moist feces., lab, temp. 13 mos. Galli 1905
Woter, t"oist feces, larvac 7 mos. Leichtensternlb87
lecal rat'l in abanrbed 3 mos.

latrine in brickynrd
60 F., strong sunlight >2 hrs(larvae) Nicoll 1917
STrong sunlight under 1 hr.
glass

Necator americanus
SC. 2 hrsa Nicholls 1939

Ascaris lumbricoidos
Human feces on sAnd in 21 days Brown 1927

sun, ovaAHuman feces on sand in Reoov.o90.8%, 35 dasa
shade

Clay in sun 71 motile, 21 des.
4*Clax in shade 85% motile, 21 des

Loam in shade 89.3% motile, 21 dam.
Human feces, in shrde 'l2, -9?% motile, 4 wks. Caldwell 1928
Pig feces, in snade 99% motile, 4 wks.
Human feces, drying in i 3E-40 % disintegrated
sunlight, 130 F. > ' 1/2 hirs. • i

Pig feces, sunlight, 130F 5-30% disintegra~d in
)7 1/2 hrs.

Human and pig feoes, ly- Recov. 0, 2 wks._,
jfl qbmt_*

S-uman feces mulst with
constant temp. 40-50C. 38% ova disintegrated

in 14 das.
Pig feces, moist with 40% ova disintegrated
constant temp. 40-50 C. in 14 dase-

45 C. Coripost .3 mom. Nicholls 1939
4K -55 C. 3-5 min. Nolf 1932

Fecal susp~n of' eggs All degenerate in 27- .kdolfs 1951L,. 35 dls.
Trichuris trichuris

Human feces, 30 C, on Recovered 9, 29 des. Nell 1932
cover slip, tncub•itor,
moisturo, sat~d, Inor,
1000

-12 C°• 4 d•ns. incubpltion 6 d nS .
be6fore vxposure

'-9 C., 4 des incubv tion Rocovered 40%, 8 des.
Sand in shade, human '74% inotf.le, 35 des. Brown 1927
Eggs of T. trichiura, as ,vell ns NJ. smericanus, _. Mpcfie 1922

lumbrbicoides, TT srginn;c,- S. nncirnto7bum, pass
thru cockroar.I unkmrmedo



TABLE F?7 (CONT'D) THE SU1RVIVM,] OF METAZOA AND
PROTOZOA IN THE BODY
(AND BODY MATERIALS)

Factor(s) Survival Reference

URI NE
A. luTniricoides

Human urine No survival Yoshida 1920
Trichomonas vaginalis

"Urine, 20C.ý inoc. with Few, alive in 20 hra. Jirovec 1948
vaginal secretion _

GENERAL
T. vaginallsVjggnal discharge Recovo 2-4% in b hrs. Kessel 1950

Vagvial diichargo. T, ., >5 das. Kirby 1943
Paraffin sealed cover-
slips.

Pus, dry 3 hr.s. Swift. 1937
E. histoliytica

Cysts drying on human 5 min. Spector 1934
hand

Cysts pass through cockroach unharmed Macfle 1922
T. batrachorum

In Riana pipiens, ROT., 6 yrs & m1 sos. Wenrich 1949
distilled iator, and
gastric roucAn

T. wenyani
In Rate "rats.e RoT. ,ith 4 yrs.
wdistilled water and
gastric in.nin.In amphiurna, R.T.q i,ith 4 yrs.(T, pro,,azeki) ""

r gastric uin
T. augusts-In Rana pipiens, O. . yra.""

with water & gp.- f ir

T. hominis

iat
er and gqstr!i c, rar- u0, 111.

T. species

From Crotelus Ihorridus 2 yrs.
Trivitus parvg

From Triturus vilrJdeacens 4 yrs.
Monocercomonoides

From Lipulid lrvne 4 yrs. "

From Japanese beetle lnr- 4 yrs. "
Vae,

Trichinella spiralis
U.p., rat muscle, pork,
pork 5ausage, -35 C. 2 Hrs. B]air 1934

-1t.80o 53 hrs.Tr._. ~p.2.(inrvae )T Posrk -27C. 3b hrs. Gould 1949Pro-27C. 2tj. firs.
--13C. 10 hir.
-35 C. 40 min.

-37C. 
2 mill.3



TABLE TYE S~rRVIVAL 0OP I'0OLDS, YDASTS P, FUNGI IN TH.[- BODY (AND

-~ BODY MATERIALS)

4&Fors Slit, viVol Reference

SKIN
1Mb oudouilni

Hair );.('0 d Farlay 1921
Hair In well stopptored

bottles 125 d Robinson '.9418
Tricohophvtor intordirritale

Soraninr~s P Porn toe's M30dI.itoh&li 1'ý22

Coccidioý.des Immi~tis
S1~tu,101" 81177w1th erth Vugeat~t;.1.':e rom~, .30 d

Pr'~±Lcstage, 240 d Rosenthal 1950



TABLE 31 THE SURVIVAL OF MYCOBAPTERIUM
SPECIES 'IN THE BODW 'k:.

(AND BODX MATERIALS)

* Faotor(s) Survival Reference

BLOOD
M. tuberculosis,

Saline saln.-, Ii.T. 10 Wteeks Coulthard 1951
In arachis oll 10 weeks
In saline and arschis oil At leapt 26 weeks
Human whaoe blood 14 days Davies 1939
Hemoglobin inhibits the gr th of the tubercle
bacillus. Efrscts propor;ional to conc. of hemo-
globin. ,FEC ES'

M, tuberculosis
Feces, 9.T., dark, summer i day Abe 1949

fall 3 days
winter 9 daysFeces, 8 Ct. Still virulent,'3 112 me Ge~rtner ,i898

DUng, Virulent tubercle baec- Maddock 1933

llus remained after 178
days

Feces, No. of M.,. in fece proportional to those Nubssel 192
of sputums

Feces, cool, stored in
jars with loose lids,natural infected 12 sUos. 1930

Feces, cellar, dark, with
muslin t4 exclude insects
artiflically infected 2 years

LiqA4 manure 4 mos.
Liquid manure, winter, ar- 5 mos.

tifically infected
spring 2 mos.
"•'all 4 moa.
autumn 4 1/2 mog.

Cow feces , exposed on
pastureland, winter 5 mos.

spring 2 mos.
autumn 4 mos.
summer 2 mos.

Cow feces, protected from
sunlight, summer 4 mos.

autumn 6 mos.
M. pars tuberculosis

Infected feces, atmosph- 246 days Lovell 1944
eric conditions

PUS
M. tuberculosis

Pus, room temp., dark Viable 4 mos. Abe 1949
Pus, RT,, in half dark Viable 3 mos.

SKIN

M. tuberculosis
Human tubercle bacillus 7 years Heymans 1927

4# in reed capsule placed
under skin of cattle



TABLE •/ (cONTI)) TIT SUPITTvrPI, 010 !'YC(ORA CT',RTTTM
S I'~ Ii IN M'Tf. B( I)Y
(.•F J A, .)Y i nTEaI[ALS )

V"St or(s) Survivol Reference

SPUTUM
M. tuberoulosis

--Spu tur, RT , dark Viablo 4 mos, Abe 1949
Sputum, half dnrk V i blu 3 mos.
Sputum, 37 C, Persistence time 10 das. If

recovery titre 0
Sputwtvi, direct sunlight

surrinc r 50-80 min.
fall 60-11i0 min.
winter 90. -240 mrin

Sputum, diffuse light
s urme r 8 days"

fa011 7 days
winter 5 days

On window. of' room
spring 13 (rys " "

fall 18 days
summor 20 clays

Sputum, exposed to sun-
light, 12-.3.4 C, R.11.50%,

afternoon 9 mn, recovery 12) Albini 1940
noon 1-4 min.
diluted 1:2(5:00 P14.) 1 min., recovery 3
diluted 1:25 -------------

Sputum, exposed to sue-
light, 7-9C., H.H. 40%
afternoon 1 min.; recovery 3 At
diluted 1:2 4 min., recovery 4
diluted 1:25 ..........

Sputum, 43-35 C. ?,H, 40% ti------------H "

Sputum, (iried, surflc'e of Infective for g.p. 4- Arms 1912
.wooden tongue blade i6 m,,eeks

D...d -r -o.. , o - .... al'tor 3 yrs. Burns 1917
Mixed ,,itn dust and expo- Viab)o. ,ler1 inject, into Cpid,,rell 19L5

sed to sun.igint up to g.p. e'0,7?! nrs.
72 nrs.

Dropluts, 15--?0 C 30-40 days Chausse 1912
Droplets, 10-15 C. 5. days
Direct sunlight Fey., mins. to few hrs. Cornet
Diffuse sunlight Sever'vi days
Dried in layers not too Several mos. to 1 yr. "

thin.
Desiccated, 30-40 C. 9. 10 Iroso De Thomas 1886
Sputum 6 Mos Cornet 3.904
Dropla ts from speaking or 300-600 times increase Fluigge 1921
coughing, 45 C. in count

Loud speaking, droplets 30 mtný
45 C.

Drops from bronchial tree --------------------- I

Dried sputum Several months Harder 1913
Coughed on paper, stored )50% infect, in 2 des., Kenwood 1915

in bell jpr, dried 21. hr. none infect in 31 des.



TABLE _i(CONTI D) TTVIE SIRvTRrAr, ni, MYCOBACTERIUM
SPHCIES IN THE BODY

(AND BODY MATERIALS)

SFec torP(s) Survival Reference

SPUTUM ( C ONT I D)
M. tubercuipsis,

Droplets, 4-7 days Kiratein 1905
Desiccated Several mos. Koch 1882
Alternately dried and 12 days Malassez 1883
moistened

Sunlight Few minutes to 48 hra. Ma~er 1924
Ultrn-violet-lamp for 3 Required 25 min. to des-

min. ot distance 6f 5". troy all organisms
Thin layer, dried Still virulont, 30 min.. Migneco 1895
Direct sunlight None recovered,24-30 hres
Dried in sun 18 hrs.
Exposed to light and air

in June & July <45 days Ransom
Little or no air and dark 16 days
Dried 24 hrs., dark >1 day
Dried 24 hiss, dark, expos >35 days

ed to little air
Dried sputum 179 days Schill 1884
Desiccated Severnl months
Direct north roomlight,
45-7b F., R.H. 17-62% 4 hrs. to 5 days Smith 1942.01r--^ct north roumlight, 97 cLima ;Fto a 0os

darkness
45 F., R.H. 17-62% , dark 6 1/2 - 14 mos-.
70F., 83% R.H., cark, 142 days
cover slip

63 F., 7,1% R.H, daT1. r, 15 days
water susp'n.

72F., /9% R.H. dark 18 days
In India, direct sunlight 6-6 days Soparkar 1917
Dessicated in dark 309 days
Dire-t sunlight 6-8 hr-.
Decomposing sput., t•et 20-26 days

tube
Dried in thin smears 4 moa, Sormani 1886
Dried sputum 10 mos.
Fluid sputum 8-11 days Toma 1886
Dark, moist box in pari- Produce lesion in 170 des. Twichell 1905
ffined bottles Produce no lesion in 188

des.
Dark closet Lesion in 160 des, no

lesion in, 188 days. N "
Dark moist box, bottle euion in 157 dais., no
stoppered with cotton esion in 172 days.

Diffuse light, ordinary sion 124 days, no lea
room, paraffined bottle ion it 175 days If

In ice sion in 102 days, no
lesion in Iq days

Dark closet, bottles nosion Ir J.00 das, no
Sstoppered witti cottoa leslon in 141 days

Moist, light place in Lesion in 123 das, no
sand lesion in 148 days.



TABLE B?(CONTID) THE SURVIVAL OF MYCOBACTERIUM
SPECIES IN THE BODY
(AND BODY MATERIALS)

4Factor(s) Survival Reference

SPUTUM

M. tuberculosis
Out of doors, winter mos. Lesion in 110 des, no Ttiichell 1905
open bottles lesion in 132 des.

Handerchief Lesion in 70 des, no
lesion in 110 des

Woolun blanket Lesion in 70 des, no
lesion in 110 des.

Wood Lesion in 70 des, no
lesion In 110 des, It'

In thermostat Lesion in 33 des., no
lesion in 10 des.

Dry light place, sand Lesion 30 des., no les-
ion 70 des.

Carpet Lesion in 39 des, no
lesion in 70 des.

Direct sun Lesion in 1 hr* , no
lesion in 7 hrs.

Dried, R.T. Infective 70 days Twichell 1906
Dried on carpet Infective 39 days
20 C., dark 4 mos. Vidal 1934
2 C. 12 moe.
Dried Several w.eeks Villemin 1869

M. paratuberculosis
Electric light 74-100 days Soparkar 1917
Direct sunlight 10-12 hrs.
Diffuse light 30 days
Diffuse daylisflt 6-8 days

URINE
M. tuberculosis

Room\,temperature, dark; Viable 4 mos. Abe 1949
in half dark Viable 3 mos.

60 C. Recovered O in 1.5 bra. Nesta 1930
Refrigerator Recovered 0 in 30 days
Inject into poriloneum of Lose po!yer in 30-40 des.

-GENERAL
M. tuberculosis

Dried or broken up org- Still virulent at 43 & Cadeac 1i88
anic matter 35 des. respectively

Pieces of lung -1 to -8C. <one week
exterior w'indosill

Lung tissue inuc. and 167 days
buried

B~cilli remcin in phthisl• al cadvvors Vor several Calmette 1920
years

Distilled water, 37 C." 1 day Davies 1939
0.9% saline, 37 C. <4 days

4 Lung of rabbit, .60 meter -2 days Galtier 1887
und e rground

In bile Growth more rapid than Larson 1922
in 8oep



TAB3LE ip1, (,.uNTfD) THlE STUl'IVAL OF kYCOI3CTERIUII
m~hcT1~SIN THE BODY

(-ANTD BODY IIATdMAILS)

c to( P) Survival Reference

GilNRIIAL ( CoNT ID)
KM; b ti bru.10i I

I q' u in il rr1~ 0 do~s Pc tri 1
zinc box

Bui'Lod i ng 2/2yrs. Schottellus 1690
Inbe stinal con ton Es, (,ow,
no0t iTLPCot. aiubun 4. mro s Stillman 1938

s ýiriu mr ?moe.
Lung 3 yonrs Stone 1d91
Raibbit 1ullu. liver~, sploon
kidnrtey, 0 , stollilu;
ill vitro 5 days. V~idal 1934

Rabbit tissue, -' 0. 10-30 days
Lym-ph node emulsion in in-
ou.4At~r in sF'lt soln, 87 days ;Webb 1921

Lymph nodes coatod -i.th
collodion 7 days

Liver end( sp].uen contLed 3 i,,
'4,th collodion11 o. errbiWls
Rabbit lung 1 S pe bbtWls19141

"Vd~llo-ing exposure to
air

Dead buried f o.il s At lerst 1 yr. Schalk 192t,

Intostinal scropinga- inix- 1,'Llocovered in 163 (Ins. Lovoll '9144

door temp.
B C'. G.

Sploon of g.p. 53 days Gornz-~R.Pux 1950

Axillsry lyimph no('hs 175 dnyr-,



TABLE r/hTIp SURVIVAi, 10 iviICROCOCCUS

(AUD BODY MATERIALS)

Fac tor (s) I Survival Reference

BLOOD
Be-. P_.

Sterilo rabbit blood suspn( 24 strains viable 9 yrsa.Frobirher 1947
115 strains viable 19 VresFE CES ..... . .. .. ..

M. nyogenes vai. Sureus
Feces, sunyig't 1,ith neat Bactericidal eri'ect not Lenamann 1931

S _ _ _ _ marked
SKIN

M,. pyogenes var. aureus
Skin, 37 C.,inoc. 161,00 Recov. 34,000 in 15 min. Bryan 1933
Skin, left palm, expose

m.o. 8 min., inoc.25b68 Washed orr 1414 Burtenshaw 1938
Dead skin, expose 10 min. Washed off 1560
inoc. 2568

Skin, inframem,,'ary fold,
,down 80% recov. in 1 hr. Cornbleet 1932
-UP 20% recov. in 1 hr.

Skin, axilla , arm up; 32 % recov. in 30 min.
arm do,,n 61% re'ov. in 30 min.

Interdig. spnaes of toes,
together; 73% in J0 min.
apart 2476 % in 30 min.

Perianal fold, closed; 76% recov. in 30 min
open 213 % reeov. in 30 min

Palma, clasped; 53% rerov. in 30 min.
open 6 % recov. in J0 min.

Growth in s,.eeb of skin Alkaline areas slower
than acid in self' steri-
lizing action "

N~ail beds and arevs sur- Less efrective at steri-
rounding nail beds lizing than normal areasi "

Kerstotic ap•ns No roore effective at re-i
moving M,aureus than
normal are-s

Moist areas Depression of steriliz
ing power

Denuded epitheliumI Not as effective in re-
roving Staph. as intact
areas.,

Previous exposure to U.V. Does not enhance des-
tructivo po-,er against

St. eph.

Skin of persons with fur- Remain longer than in "f
unculosis skin of others

Psoriatic lesions, bpred Free themselves of Staph
of scales fsst'r thnn lesions with "

sc•ales.

Survived longer on skin t an on filter papera lulluI 1948
17.2% inhibited on normal skin Hill 1933



TABSZ l/. (CONTID) TEE SURVIVAL OF.MICROCOCCUS
SPECIES IN TIIE BODY
(AND 1ODY MATERIALS)

PFactor(s) Survival Reference

SKIN(CONT'D?
_pyogeesa. aureus

Washed bide, inoc. 900 Recov. 360 in 30 min. Norton 1932
Washed i"'e, inoc. 1,000 Recov. 25 in 20 min,
Wounds Recov. in lb of 82 wound Rountree 1947
Dirty or fatty skin Several hours Singer 1929

SP'UTUM
Spyoenes var. aureus
Inorea~ed survival time d ied sputum Bordoni 1891

GENERAL
M yogenes var. aureus

Body temp-_ Recovery 0 Arnold 1930
Pus,R.T. . 1/2-3 1/2 years. none Bormann 19)40

of pathogenicity lost
Exposed to long chain Lethal Burtenshaw 1945
fatty acids

Pus,.eUnlight & beat Bactercidal effect not Lehmann 1.931
-- •""marked

Boils, 11 strains,

pH 2.6 H viable at 24 hrs. Hall 1921PH 5.Q 3 viable at 24 hrs.

pH 10.0 10 viable at 24 hrs.
Boils, .11 stAVin1,

pH 2.6 10 viable, 7?:,days
pH 5.0 1 viable at 7 days
pH 8. 'e at 7 days
pH 10.0 i6 Viable at 7 days

Abscesses, 4 strains
pH 2.6 2 viable at 24 hrs.
PH 5.0 2 viable at 24 hrs.
pH 8.0 0 viable at 24 hrs.
pH 10.0 1 viable at 24 hrs.

Abscesses, 4 strains
pH 2.6. 2 viable at 7 days
pH 5.0 2 viable at 7 days
pH 8.0 0 viable at 7 days
pH 10.0 1 viable at 7 days.

4ýphal 'fluid snowed varlo as pH ranges
M. yyoE~enes var. album

Sputum, antrum nose, skin *,-oat, urine and uter- "
us sho•oed various pHI rangeL

BOOD
Gaffkya app.

Sterile rabbit blood susp. Yrs. Frobisher 1O!07
GENERAL i

Sarcina luten.
Swabbedin lage amounts n toniufe, n-salmucous
membrapes, crypts of tornsi.ls. Iripossibl- to
recover in very short tiPe* Bloomfield 1919



TABLE I 1THlE SURVIVAL FAE'4HISRX
SPECIES TE BODY
(AND BODY MATERIALS)

Siict~or(s) Survival Ref6ronce

BLOOD
N. gonorrhoaea

Sterile sorum sealed with lb mos. Unge-%nan 1911
lnyer of paraffin

Sterile seruri sealed with 7-8 weeks
layer of paraffin

N.- meninsitidi sN.elow 16C.t, soaked in 124 hrs. Downie 1940

sterile horse serum
Nasopharynx, body temp. Avg. 6 mos.(longest 608 Embleton 1919

das.; shortest 34 des)

Sterile rabbit blood 8us0 Neisserla--6 wks- mos.. Frobischer 1941
URINE

_.gonorrheat

Male with urethritia Charles 19.0
20-26C9 PH 5-8.5 Tw.o colonies survived Carpenter 1933

48 hrs.
Sediment 22C.,PH 5.0-8.5 6 cola. survived 36 hra
Sediment 4 C.,pH 5.0-8.5. 13 cols. survived 36 hrs
pH increments of from 5.0 Strains isolated--8,,23,
to 8.5 17t 19, 159 O, 2

Temperature --------- I Allison 1942
GENERAL

• N. gonorrheL~a--Urlthral secotion, -5 to I hr. some reduction Hamptman 1930

2 0., pH 7.4-7.b, gro,,n
on ascitic egar;
plus 12 C, pH 7.4 8 hrs. some reduction
plus 22 C, pH 7.4 12 hrs. some reduction

Urethra, body conditions •3 yrs Keyes 1911
Fresh pus, 22-23 C. Still viable ;?4 hrs. i Schofield 1927
Cases successfully treated No survival times Cohn 194b

& operated on.
_rSdmeneingitidisDrierd h~uman qenretionm Several days Jungleblut 1935



BLE THE SUIVAL OF PASTtIRELLA
SPECIES IN THE BODY

J(AND BODY MATERIALS )

• "actor(s) Surviva HeRference

BLOOD

1 2!B• 'allowed to putrefy 1U0 da40 Ostertag 1908
In test tube.•jfoi' eorhab. t o certneia

30iooc or MN Jaaotot 12
FECES

E. nd e - Reeov. 0 In 4-5 des Gartner 1898

,_,_,_ile feaces Still alive 2 vks,,k mos2. Gladln . 1898

S?13TUM T-" "

P. petl

Droplets - ----- W',_ , Taigue .1912
URINE

P etis

Spleen or i'nected S.p., Virulent 14 moo., sligh- Francis 1932
-15 C. tly vir. 2 yr.. 7 mom.,

deo4 3 yrs. 5 moo.
R.H. k37%9 temp.>4jO P. Restvicted to areas with Nonh 1951

tbhese Vactors
Corpses of C. gyjmaeug Viable 23rd day after Novikova 1934

death
Frozen cadavers in Vanch- Viable 3 moo. after Strong 1942
uria death

Cadavers with putrid spl- 4 days -

eon
Cadavers after burial 3-30 dos.
Glycerine in spleen, -'5c Viabl, 7 yra. :Frances I92

Zo. tulpenlsia
23-2b G., internal organs 3 das. Anon. 1947
Human v$ssue Viable M.O, obtained Foshay 1936

from human tissue 2-3
moo. after pt. recov.

Spleens glycerinated.-14C. 10-13 yrs. Bull 1947
Frozen animal cord 42 moo.
Frozen brain 36 mos.
Frozen spleen 18 moo.
Frozen rusole 12 moss.
Frozen bone marrow 6 MOB.

I"I



TABLE Tl THE SURVIVAL OF RI(KETTSXfAE IN THE BODY (AND BODY
MATERIALS)

SFactor(s) Survival Reference

BLOOD
R. conorli

Human blood, ice box 12 d 1932
R. rioketts.ii

Frozen brain, -700 95 d i1930
:Re tsutsuaurmushi

'Mice blood and tissues 610 d ox 1948

H. andersoni
.. Pec-e; .... 6 yrs.s_ hilip_ _ 196&8

TISSUES, GENERAL
Re riokettali

-70C, frozen brain 321 d King 1930
R. prowazeki

Brain, 5C 79 d Kacchiavello
1937

Tunica vaginalis, 5C 92 d " "

;LI



TABLE .THEI SUaVIVAL OF SAUn:Iý,,L.., CI.. IN TH3 UDDY (AND BODY

Factor (3) Survival "levercnce

13LOOD

Sterile rabbji2t blood u:L. .r..:Fr b9/7FECES i
S. cat er'iditis ,

-- •-l tool$ R. T., dn r,, 8 d. Do d 1 ...

Fluid stool, R.T. 8 d. ,,.
Fluid Stool, R. T.,I da rk i1 d. "19";
Dried , tool, dark, R. T. 53 d.

S.• or aty pohi",

Original feces 74 d. od1947
Dried feces 421 d. if
Fluid stool, dark, R.T. 18 d. ;Dold 1944
Stool dried on paper, R.T. >8 moss. it
Fluid stool, dark, R.T. 20 d. I t
Stool dried on paper, R.T. 75 mos, 16 d.

S. perstyphi B
Fluid stool, R.I., dark. 115 d. :Dold, 1944
Fluid stool, R.T. 115 dc, " 19513

S. schottmillleri
Fluid stool, R.T., dark 1 .d Dold X•44
Stool dried on paper, R.T. ,8 mos. " "
Tluid stool, dark 20 d. "

S. species
TNot found in feces of cockroaches A.!acfie 19022

Rat feces, R,T. 148 d. Welch 1941

S. typhimurium
Original feces 74 d. Dold 1947
Dried 421 d. d.

S. enteriditis
Palmar surf.., clean, R.T. Recov. 0, 10 rain. Arnold 1930
Dirty hbnde, Body temp. 5/ g onc, 30 mn n
A If t . . 1 V/ .. D 11 210 . i 0 , II II

Palm of hand Destro•,,c, in 10 min. Kruege 1094C
Dirty or fatty skin Scv,'rl hra. Singer 1929
?S. aratyphi

Dirty or fatty akin Several hri. "
8. typhimurium

Tu rkýy skin, frozen 13 1o1108. Browne 1949
TISSUE, GENERAL

SS. typhmurium
"Chicken tissue, 93-96 C. Inoc, 3.15 X 10/gm. Huaseman 1951

after broiling Rocov, ,18, in 42 Ain.
after roasting, Inoc. 9.36 X 0iO/gm.

Recov. 0.1i' in 140 mrin.



TABL___THE SURVIVAL OF SALMIONELLA ' 'IPIOSj• IN THE 1ODY (AID HODY-- MATERIALS )

Factor(s) Survival lie fer rcn e

Normal goat serum, dried Death rate loeari h..ii in
response to conc. of
slrviving organisms. Chic., 1912

Sterile rabbit blood suep. 7 ,'r o . Frobl 1.x 17
Sterile " , 1 etr. viable 18 yrs.
Blood & peritoneal fluid,

R.T. air excluded LVirulence preserved ýI10 y'r.Puntoni 1924
•cES

Freezing Several .:iinutes Beard 1940
Fluid stool, R.T., dark 4 d. Dol1 1944
Fluid Stool, dark 4 d. 1943
Stool dried on filter paper,

R.T. > >55 do 194 4
Stool, t'iin, watery, dark, RT. 3 d. " "

" dried on
filter paper, R.T. 137 d. "

Feces in a latrine '30 d. IGalv, ,-no 1900
Feces in a cask 25 d.
Feces in earth of latrine, : I

buried 10 d. -40 d. I
Feces in sand 15-20 d. "
Feces in loam :5-15 d.

* Feces in gravel 10-20 d.
After being 10 days in latribe the organisms were

no longer virulent.
8 C, Recov. 0 in 5 do Gartner

3 C. 3ecov. 0 in 10 d. . "
Tap water with stool Inoc. 100,000/cc water HorrockI 1911

Recov. 200/cc water in 2d!.
R.T; 52 do Jordan 1926
Feces in latrine, winter 5 mos. Levy 1 _

-8 ti -30 F., exposed to
open air 40-50 d. Lu-t--riLuan n I

Not found in feces of cockroach LIZ cft, 1112
12-17 C, Viabl'i after 4-12 d. Schiller 1 90
Liquid manure 4 d. "
Liquid manure, 13-22 0. 9 d.

" below 12 C. a d.
"I" abovei3 C. a d.

Peces & urine, 16-20 C, Vinale 7 d. ,
8 d:.y cult., below 12C. Vi.blc 7 D. U

10 day cult,, below 12 C. Viable 9 d. If
17 c'lv dult., below 12 C. "I 27 d.
15 d. culit., 12-22 C. Vic-ýble 0 d."

5 d. cult., below 12 C. 14 d.
"over 18 C. Vlable 8 d.

21 d. cult,, below 12 C. Viabla 13 d,
Liquid manure 12-17 C, " 4 d.

6 d. cult.
Liquid manure, 10 d. cult. " 4 d,

"13 do cult. 7 d,



TA BL _.)q THE SURVIVAL OF SALMONELLA TYPHOSA IN THE BODY (AND

BODY MATERIALS)

SFactor(s) Survival Reference

FECST, -•ONT.
Fresh fecec, 17-22 C. Viable 115 d. Uffelman 1889

weakly acid,
Fresh febaes, 17-22 C. neutril Viable 121 d.
Fresh feces & urine, -22 to

5 C., weakly alkaline Viable 36 d.
Old feces & urine, 17-22 C.

alkaline Viable i16 d. N

61d feces, 1C *alkaline Viable 116 d.
Fresh feces, weak acid " 44 d.
Feces & urine in moist gard n

soil, 23-0 C. 5j mos.
Fresh feces & urine, neutral,

10 C. or less. 66 d.
Fresh feces & urine, weakly

alkaline, 10 C. or less 21 d.
Human feces on:

dates 2 d. Vasquez 1924
vinegar 1 h.
mango 2 d. N

banana 2 d. N

apple 4 d_
SKIN L

Self sterilizing ability of 3kin against organism
due to drying rold 1919

PIlm o$hand •ntirely destroyed 10 min Krueger 1942
Washed hide Inoc. 550, Recov. 1, 30i

S:1i. aces !Norton 1i32
Dirty or fatty skin Several hours ISinger 1929

URINE
Soaked in urine, dark Inoc. 240,000, Surv. 10 d. Hewlett 1909
Soil & urine, dry, lab. Lemp. inbo. 12,000/m"'o,, coal1,

Recov. 330/gm. soil, 7 d* Horrocks 1911
Garden humus with urine, ex moo. 1,660/gm. soil

posed on veranda, no rain, Recov. 280/gm. soil, 10 e.
dry.
,Warm tepp. < 20-40 d. Lu 1933

-8 to -30 F., exposed to
open air :40-50 d. lu-ti-huan 1930

12-17 C. lViable after 4-12 d. "]Schiller 1890
Utine infected water from

well A few days. Vacek 1932
P 7% urine, dil. Ringers with ,

S"Teose .. .. 14 wks. Zeller 1948

Skin, clean 'Inoc. 4,000, Recov. 1, 10 min. Arnold 1S30
Body temp., dirty fatty skin, Several hrs. Arnold 1930
Palmer surf., clean, body t.' Recov. 0,10 min.
Human bilob ý160 d. Beckwith 1921
Beef bile /141 d. o
Oyster juice & stomach,

50-60 F., Ice broth cult. 30 d. Foote 1895



TABLE _ THE SURVIVAL OF SPIGELLA SPECIES IN THE BODY (AND BODY
MATERIALS)

Factor(s) Survival Reference

FS(IES
S. anbigua

Desert temp., in opon box
with f1ies 297 h. Stewl-rt

S. dylenterlne
R.T., 15-T1T-C. From 5 to 15 d. Cruickshankl942
Fluid stool, R.T., dorkI 5-1h (I,. i 1940
Ori!'inal feces 31 d. Dold 1947
!Th-ed fecos 113 d.
In artificially infected ,'c( ,,,ILj.tjrial, the
bacilli were detectable -1. d. when liquid
and 33 d. dried.

(Ruhr becillus), Fluid st ol 13.2 d. " 19i,4
"Dried stool 27.2 d.

"H " Fluid, R.T., d ark. 10 d. "
"H " Dried in riark. 1 mo. "

Fluid, dt4ir, R,T. 2R d.
Feces, 1.5-125 U. mixed

with earth I> 1.01 u. Iw'1'pil 1%2
Stool, cool, dried 1-2wks. Joo 1950
Fresh feces 5 di. RuKitIIa I.25
-R to -30 P., Exposed to

0°e - n"l - . 'UNp t 55 d. iLu-ti-1,uan 1530

Not fonnC in feces om' (ccc loech Mi vcfi0 1i22
Dese~rt tem)., out r-' sun. 11. dtewt:rt 1944
Hunan feces on ,inngo. 1 h. Vasquoz 1 211-

" I " bnnna |.. h." " •ppleI| h.
S. parsdysenteriae

40 C. (flexnori) 96 h. Barnard I.1.6
20 C. It" ) ý8 h. "1

30 0. " 21 h.
R.T. Dried out quickly in

feciil specimens Cruickshank 1940
Dried feces " ý2 d. Dold 1947

V Originel feces (PinrP-,s.) 97 d. .

Dried feces "270 (. "
Original feces (HissY) 3 d. "
t• feces 12 d. "

-.Original feces (flevneri) 31 d.
Dried feces 113 d. S
Desert aemp., out of sun 273 (1. Stwart 1%4
Direct sun, fill doy. 1 hir. 20 mT,. "
Human feues on Tnengo 5 hrs". asquez 1c24

If I f apple )i 8. "
S. sonnei

20 0. 72 h. Bnrnard 19%16
30 C. 6 h. "
37 C. 6 1. I

S 6 R.T. 6-1-1 d. Cruickshank 1940
Frces .1-111 d. Lowbury 1943

r



TABLE THE SURVIVAL OF SII flA SPECIES IN TThI BODY. (AND BODY
MATERIALS ')

Factor(s) Survival Rofcronco

URINE
. snteriae

p Warpm indoor, 40-50 d. Lu 1933
-8 to -30 F., Exposed to

open a5i. 5 d. Lu-ti-huan 1930
TISSUES, GENERAL

S. dysenteriae
Filtered huran gastric juice,

pH 4.5 Germicidal for Sonne-
Duval strain of

S. dysenteriae Felsen 1939



TABLE •/' THE SURVIVAL OF STREPTOCOCCUS SPECIES IN THE BODY (AN D
BODY MATERIALS)

Fact ors) Survival Referonco

BLOOD
S. fecalis

*,Sterile ra'bbit blood susp. 7-19 yrs. Frob.i: her 107• S. henolyticus
ST.T., liqu1id paraffin, 8 wks

arachis oil 4 wks. CoulthArd 1951
Refrig., liquid paraffin, 4 wks.

p arachis oil > 37 wks.
Saliva, R.H., 40-55% Mortality rates smaller

than enotunococcus. Dunklin 1948
Sterile rabbit blood susp AlivA I) yrs. (Beta) Frobi her 1'47

"It It 9 yrs. (Alpha) "
S. licqtefaniens 7-19 yrs. if

Sterile rabbit blood susp,
S. sipp" ai 5 7- yes.13

Horse serum), "5 C. Belm 1933
37 C. for 3 hrs., defibrin-Increased from 600 org.
ated. Sprayed from per unit to 50,000/unit
chamber. in 1-7 days. Ruchbinder 1941

SKIN
e exposed 2 min. Inoc. 1270, wash off 329 Burtenshaw 1938

" 54 min. " 1228, " 190
"I" 115 " " 339, " 3.1 "

Palm, exT~osed 2 min. " 1270, " 50.6 "
"54 min. 12-28, " .32 If

115 min,. " 339, " 96
Forearm " 2 min. " 1971, ti 157

" AJ " " 1228, " 78
"I "t 120 " " 339 it 78

Dead dkin . ,3 T'l ". 19"1 I 88"I " 65 rin. " -228 R 232 "

" 120 " " 339 " 14
.Left palm, exposed Ii. rin. 48 " .22 If

Right palm, 14 ,itn. " 48 0
Exposed to long chain

fatty acids. Lethal& Burtenshaw 1,945
S. henolyticus

Normal skin of hand, R.T. Recov. 30 million, 3 min. Colebrook 1930
From broth culture. 1'7 1 h.

"7,000 2 h.
Hands of normal person Group A isolated from

hands of 7 out of 181.
Non-homolytic on nearly
all of hands.

Skin of hands. 6% viable, 1 h. Kruegctr 1942
Washed hide Irnco 1400, Recov. 400

30 1111un Norton 1932
Surface, washed hide Inoc. 1,000, Recov. 75,

30 min. "
Wounds Alpha strep. found in 3

of 82 wounds.



TABLE 34' (CONT.) THE SURVIVAL Or '3T !.PTOCOCCUS Si-ECIES IN THE BODY
(Am1 BODY MATERIALS)

Factc..-(s) Survival Rf.E:feronce

SKIN (CONT.)
S.pneumoitlae
Exposod to long chain

fatty acids Lothal Burtenshaw 1945
S. viridans

Exposed to long chain
fatty acids. Lethnl

S PUTUM4

S. hernolytious (Beta)
Drled, 3- C. Viablo ",t 150 d. Germano 1897
Saliva In 2On'r no strep. demonA-

strahle. 80% same strep.
nn in throat culture. Hanburger 1_q._

TISSUE, G tERAL
S. hemolyticus (Rota)

Dried membrane, 37 C. Viable lifter 3 mos. Gcyrmano 18c,7
Nasal secretion Reuovorable after lbst

normal hand washing. Haburger 1946
Nose R- throat, sulfadiazine

1 gm/day. More micirked sensitivity
in nose than throat.

Survived longer on skin than on filter paper. 'Hellat 1948
Throat swabs, ice box, r ed. • yr. Jettri•a 1927

sA a .pp3...Animal excreta,61 F. I'loc, 1--3, Recov. .03 i

in 7 do !Savage 1917



TABLE _60 THE SURVIVAL OF VIBRIO SPLCIES IN THE BODY (AND BODY
MATERIALS)

* F• t or ( .) s'lirvival or, ýrce

BLOOD
V. Otton S

R.T., dry, glass smear,
fowl. 8 d. Skidmore 1932

Turkey hloon, 5 C., dried jl h. .
on rlass

Turkey blood, 37.5 C.,
dried on glass )17 h.

Beef bouillon, 37.5 C. in
test tubes Vinblo wks. .

F ECES
V. •c OIrla* TTes in contnct wi th mp t I.

rich in org-nnispis. Found .irLn foces Alossandri
Abs. humidity, 10-11 mg/cu

meter Long enough for infectiol Boy 19h8
30 C. Reeov. 0 in 10 d. Gartni,,r 1898
8 C. "* "t 5 d. "
Rice water stools, dark

cool weather 7-48 d. Greig 1.913
Rice water stools, dark

warm weather. 1-2 d. "
-8 to -30 F., Ex osed to

open air. ' -30 0. Lu-tI-buz, 1930
Feces 14) i. S0hillut' 1890

Liquid manure 13 d.
Fresh feces & urine, 17-22

C., weak acid Viable 24ý h. Uffelman 1889
9 C., weak ncid Viable 24 h.
Old feces, thin wit~h water.

17-22 C., weak nlk. Viable 96 h. "
9 C., weak Alkplinrw Viabl.e 2)1i h.
Fresh f eces P uirine,17-22h. Vi; blo 72 h.

9 '. or 1-1ss o: 2!h h.
Disrrheic feces &. urir,,
17-22 C. Visllo )I• h. "
9 C. or less Vible 1[8 h. "

Human feces on chico, cu-
cumbers, rapaya, lettuce Overnight Vasquez 1924

Human feces on cut cucnmb. >20 hrs .
"t "t " "papaya b r. h's. "

"I "t "t shrimp 22 h.s, "

"I " " oysters 1[6 hb.
"I "t " ins ide

open clam. 1. d.
"I " dntes 2 h'So"

"t " "f xvnegsr 1 h.
Tr ! rnrng, o d. It

"t " " qnana 2 d. "

V. comma
Urine, warm, Inloor. < 0-)ih d. Lu 19`3
-8o to -30 v., o, on fir 6-50 So Lu-ti-hnan 1930
Urine I., Schiller 1890



TABLE T111TP' SURVIVAu OF VIRUSES
IN •T ,'. ,.1 BO[ Y

(AuD ,ýUil MATERIALS)

Fa ctor(s Survival Reforence

BLOOD
Hoof & Motth virus I

-- 0c., thawed At R.T., 4 6-7 weeks Hender.on 1ý48
hrs. previous to test.

-10 to-:ý0 C., thawed when 5 3/4 rmos.
tested

G.p. lymph, pH Y.-, in 2 yrs and 20 dam, Sichert- 1930
phosphate buffer Modrow

Dried lymph 70 C., dried 2 i/? his.
in P;0t in vecuo

Dried lymph 12.2 C., dvied 3 min. it
,.7ith P20C in vacuo

Dried lympR of g.p., 52 C Still infectious 14 hr.
in P 05

Dried lymph of g.p., R.T. Still infectious 10 des "
Dried serum, R.T. Still infectious 5 des.
Dried plosma, R.T. Still infectious 7 des.
Dried preserved serum, R.Tj SLll infectious 4e dcs " "
Fresh g.p. lymph, 2-7 C., Retrined virulence 190 Stockman 1926
stored in rold room das.

U.V. radiation. fresh 10 rmin. Gunderson 1932
normal rabbit serum

Normal rmbbit serum 40 mm. MCKinley 1926
Mexican typhus

Blood PnH tissue, 5 C. 79 d(is. Macchlavello 1937
Yellow., Fever viruis

Blood dried i,'n vcuiun i•4 dns. I Sawtyer 1929
while frozen

Monkey blood ,ith liver, P wks. Sellards 1928
-10 C., in senle(l sterile
test tube

Ri 1"T. Vs-01•y Fever
Blood, reirigrrrtnr (C) days Smithbu-n 1949
Blood, ref'rigejrw ,or,(,tor- 2 yrL.
ed, rluid)

Serum., rerigerator i 1046 ds,"
FECES

Hoof & Mouth virus
Inoo, g.p, tissue & stor- 2-3 mos.. Andrews 1931
ed -200.

Moist, cool, 3.5-5.5 C., 283-3J45 Days Hull 1947
for 105 des., dried rap-
idly in vacuum, R.T.

Infectivw Jaundice
Dust borne, dried 31 des. Anderson 1947

Newcastle virus
D:ied cnicken feces, plH Olesiuk 1951
6.3 and b..i

Psittacosis
Exposed to HCOII, 0.2%, rInfetive up to 10 des Hull 1947R..T.



TABLE 1___(CONT'D) TIE SURVIVAL OF VIRUSES
1IN nITE BODY

(AND PODY MATERIALS)

S F"t,:,r(s) I Survival Reference
FECFES( CONTI'D)|

Polio virus
C -4 rfsos. )Kramer 1940

Stools y7-8 wks.. Horst7 ..
Feces of child Recov. 7 des, alter on. Kramer 1939

atet of illness
Stools, virus P'ound in stoiols, inactivsted bj in- KrumbJc"l 193.w
activated sludge and chlorination

Stools of convalescents i25 snd 123 des. after Lepine 19J3
!mild abortive polio

Feces of polio victims & Possibly a matter of hrs Maxcy 194.
carriers

Stool '•6% viable Paul 1941
Stool in transatlantic 16 des. Paul 1939

mail
Aqueous stool suspn., ice 1 2 1/2 mos. Paul 1940

box.
RQfrigerated 10 wks. Trask 1938
Stools of convalescents 25-123 des. after ab-

ortive cases
Refrigerated 75 days "_"

SKIN
Influenza virus

Human sknffinoc. 0.2cc 50% recov, in 10 min. Krueger 1942
virus suspn.

Suspended in chick allan- 45-50 min. Parker 1944
toic fluid, skin of hand

Vaccinia virus
Light reduced 1/2 Pustule up-to 6 hr. Herzberi 1933

SPUTUM
Virus sm.

__ _ _ Recovery positive.92das Arloing 1927
GENERAL

Hoof & Mouth virus
Inoc. g.p., 2 C. 2-3 ros. Andrews 1931
Beef, -20 C, buffered Sol. 4 mos. Henderson 1948
Tissues, liver, kidney, 2 24 nis.
rumren, 4 C.

Liver, rumon, lymph node, 5 3/4 oos.
-lOto -20 C., thawed
when tested

4 c. pH 5.6 das. it
-20 C., pH 6.8, thawed in
buffered sol'n. 11 des

120 C., ph 6.6, thawed in 4 ITmos, " "
buffered sol'n.

Muscles, near 0 1 w k Rubino 1929
Bone At leLst 40 das
Conecss, -200., pIT 6. 8 4 mos, Henderson 1948
t t•howed at R.T.

Kinderpest virus_.__L
Live rabbits & storage 7 daes. Haddow :94(



TABLE rNT 'D) THE SURVIVAL OF VIRt73
NW YlE BODY

(AND BODY MATERIALS)

eFactor() Sur'vivail , Refe~rence

GNERAL ( CONT )D
Polio virus

Brain tissuo, J7 C., in 20 but not 30 das. Flexner 1915
ascitic fluid kidney

Polio stored in animal tissue over long period of Ylexner 1917
time does not rotnin viability.

Nasal waabilgs of child Recov.. 5 das. astor on. Kramer 1939
set of illness

Nasophlaryngenl washing Recov. 9 dss. after on-
set of illness

Pharynx Reecov. 10% viable Paul 1941
Fresh prep. in amoobe •3 daas. Toomey 1948
proteus

Rabies
Rabbit brain, 5 C. >bli dps. Remlinger 1934
Brain in glycerin , in 41 dns Bprrat 1904
disintegrator

Brain susp'n in liquid 24 hWs.
air, dil. 1:10
pH2, 1 hr., Dresel 1934
Acids & allkiis harmful i pP"Portlon to cone,

Herpes virus
20% susp'n of rabbit brain 100 hrs. Book 1940

in buffered physiological
saline, 37 C.

Brain emulsion 40 min McKinley 1926
U. V. radiation, cornea <15 rnin. Gunderson 1932

Yellow Fever virus
Liver, -12 C. 1I mo. Smoyer 1929
Mouse brain, 8 C. Non-virulent, 160 das. Theiler 1930
Mouse brain plus ;O% gly- Infective arter G8 des.
cerin, stored at 2-4C. but not ofton 100 das.

Mouse brain in ,.,hole men- 6 rmos. Turner 1938
key serum, -70 C.

Influenza virus
Palmar skin Recov., in lb 'Min. Anon. 1943
Mouse brain susp'n in N
rabbit serum, -20to -30C. 68 moso Clitsky 1949

Mouse lung susp'n in 10%
"paO n broth, -78C 6 . i Turner 1938
Prozen rabbit testes, 3 yrs. T'urner 1.939-y8 C.

Newcastle Disease virus
Skin, eviscerated carcass, 96 das Asplin 1949

34 F., exp. infected
Bone marrow 134 d,
Unplucked c•rcasses,
skin; 160 des
bone marrow 196 (dRS n .

Sopx virus
D-T --dat~'ial from les. 2 yrs. Loeienthol 1906
ions



TABLE _1tjL qQNT' D) THE SUIRVXVPL OF~ VIRVSt
IN TVHE BODY

(AND BODY MATERIALS)

SFactor( s ) 6urvjvel tiefe rencs

GENERAL(CONT'D)
Polio virusBrain tissuo, i7 C., in 20 but not 30 des. Flexner 1915

sscitic fluid kidney
Polio stored in animal tissue over long period of Flexner 191"7
time doas not retnin viability.

Nasal waabitgs of child Rerov. 5 des. after on- Kramer 1939
set of illness

Nasopteryngeal *A,•ning Recov. 9 des. after on-
set ol" Illness

Pharynx Recov. 10% viable Paul 1941
Fresh prep. in amoeba '3 das. Toomey 1948
proteus

Rabies
ab-bit brain, 5 C. >6H dps. Remlinger 1934

Brain in glycerin , in 4Y dns Barrat 1904
disintegrator

Brain susp'n in liquid 24 hrs.
air, dil. 1:10

pH 2, 1 hr.. Dresel 1934
Acids & alkalis harmful ij p'Sportion to conc.

Herpes virus
207ausp'n o0 rabbit brain 100 brs. Book 1940

in buffered physiologi]al
saline, 37 C.

Brain emulsion 40 min McKinley 1926
U. V. radiation, cornea <15 min. Gunderson 1932

Yellow Fever virus
Liver, -12 C >I mo. Siwyer 1929
Mouse brain, 8 C. Non-virulent, 160 des. Theiler 1930
Mouse brain plus q0% gly- Infective arter 58 des.

cerin, stored at 2-4C. but not often 100 des.
Mouse brain in i.hole mon- 6 mos. Turner 1938

key serum. -711 C,
Influenza virus

Palmar skin Recovl in lb"rin. Anon. 1943
Mouse brain susp'n in N
rabbit serum, -20to -300. <b mos. Clitsky 1949

Mouse lung susp'n in 10%
".p-Jan broth, -78C 0 mios. Turner 1938
Frozen rabbit testes, 3 yrs. lurner 1939
-y8 C.

Newcastlv Disese virus
Ikin, eviscerated carcass, 96 dos Asplin 1949
34 F., exp. infected

Bone marrow 134 dei
Unplucked carcasses,
skin; 160 dtnB
bone marrow 196 (d "

Fowlpox virus
-iedZ *-at--ial from les- 2 yrs. Loew.,enthel 190b
ions



TABLE *51ý (CONT'D) THE SU13VIVAL OF VIRUSES
31i TTIE BODY

(AND BODY MATERIALS)

e Factor(s) Survival Ref.-cr,.ccn

GENERAL( CONT I D)
Vaccinia virus

Mouse brain, 4 C., Dried Still virulent to mice Haagen -39
over CaCI2 in sealed glasi in 71 hrs.
vessels

Mouse brain tissue, 20% Recov. after 28th pas- "
glycerin in wTater, strain sage.10-•os.
II Neurolapine R.G.A.

Mouso, brsin, temp. of rre Recov. after 1 yr 9 mos,
ezing-drying apparatue,
strain II Neurolspin R.G. 1

Mouse btain tissue, 4 C., Revov. after 2 yrs. i
strain II L 3 b.

Mouse brain tissue plus Not virulent after 1 yr4
glycerin, refrigerated,
Strain II L 3 b.

Mouse brain, temp. of fre- Still show'ed skin re- "
ezing-drying apparatus, nction after 1 yr.
Strain II L 3 b

Mouse brain rlus glycerin Still show.,ed skin re-
Stra.n Ii L 3 b action after 6 mos.

Chorign plus calf lymph, Still show.,ed skin re-
temp. of re-frigersator, action after 2 yrs.
Strain III Breslan

Chori n plus calf lymph, Still virulent after "
teamp. of' efrigerator, 2 yrs.
Strain IV Dresden

C•arion, 4 C.
5train V Hanover Not given

Neurotropic viruses
-20 tot-7O c .u 9 mos. Olitsky 1949

Encephali tides
Brain t1_aiuA, 50% glycenrin I yr•. !Hull 1947
Dried Lose virulence
FProzen >3 mos.
pH below 5.5 Lose viability
pH 9.2 Vi,¥ bility returns
Mouse brain susp'n in N <6 rhos Olitsky 1949
rabbit serum -20to -30C
(Jap.B encephalitis)

Mome braini emulsion in 6 rnos. Turner 1938
plain broth, -70C..Mehingo-meningi tt!s

Frozen rnbbit testes,-7BC 3 yrs. Turner 1939
Iympho-granuloma ingulnale

fi~rozen rcbbit estes,-70C.i 10 Yfos.
Smallpox virusG(Varlo)

Dry cruat-, 7R.T.., daylight Long periods >1 yr. Downie 1947
anddark



TAMLE j (CONTtD) THE SURVIVAL OF VIRUSES
IN TIH BODY7

(AND BODY MATERIALS)

Ctor ( s) Survival Refe rence

GON.RAL(CO['I D)
Pneumoenterltis virus

Calf lung, .60, tered Hecov.O in 10 min. Gallo 1948
thru Bark. or Seitz filt
er

55 C., riltered, dried Still active in 10 min.
Dried lung in refrige•ator No Actlvity, 20 deep
Frozen dried lung No activity, 6 ds" 4

Virus..
ome viruses retain theIr uctivity in vitro for Boycott 1926
several yrs. Some becter ophage endure for a
long time in bacteria free filtrate

Leukocytes and spleen tiso-,w i.2 nos. 1949
suav. 4 C., dried by ppt.
by cold acetone

4 C. dried over calcium >4 mos.
".chloride in. vacuum
37 C. 15 des..

-*.



TABLE Tj iE SURVIVAL OF 1i,,II2,,L B13CTERIA IN THE BODY (AND
BODY MATERIALS)

Factor (s) Survival REFPRE'NTCE

Gastric juice Organisms recovered 5,
hrs. after fReeding dogs
500 cc. alk. milk with
organ isms. Arnold

Sweat. Freshly secreted. May have mild antiseptic
val ue due to acid pH imparted by lactic acid. Bergeim 1943
Tissl,° surfaces in contact with environment rich in

bacteria as reppiratory and digestive tract have
strong inhibitory effect on boctoria which is
lacking on tissue surfaces of the body cevities such
as pleura, pericardium, p, ritoneum. Saliva plays
important role since it contains inhihItors sensi-
tive to cold, siluble in water and precipitated by
alcohol, chloroform, and acetone. Dold 1947
4 days since bath. Skin Deltoid area:

scrapings. aerobic 70 ora1 isms.
Anaerobic' 37 "

7 days since bath. Skin
scrapings. Scapular area:

aerobic, 47 ori•,nsniss.

nnaerobic, 10 "Evans 1950

Saliva sprayed in air 36 hrs. Lukriech 1947
Hands R, arms. Inoc. )1,580,000, Recov.

1,000,000 after scrubb-• ing 114 rai. Price 1938

Sores on man Ac boast, 110-120

Sun on sores. Organisms destroyed. Stormberg 1894
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C. Dogroeas contigrade
Col. Colonies
oo0c * concentration
cont'd, cort, continued
ct. coiuant
cult. culture
d., das., das. day or days
Dessic. Desiccate
dil. dilution
F. Degrees fahrenhoit
fl, fluid
G.P. Guinea pig
Rel. Gelatin
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Inoc., Innoc. Inoculate
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Lg. Large
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Maed. me di um
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mult. multiplied
org. organism
path. pathogenic
physiol. physiological
ppm. parts per million
ppt. precipitate
R.H. Relative hbumidity
R.T. Room temperature
Recov. Recovered
rurrig. refrigeration
see* second
senst. sensi tiz ation
soln., sol'n solution
Opp. species
str. strain
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T.B., tb tuberculosis
temp. temperature
U.V., U.v., UV Ultra violet
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TABLE >/ THE SURVIVAL OF BACILLUS ANTHRACIS IN CULTURE

* Factor(s) Survival Reference

DRIED, GENERAL
Dark, R.T. 41 yrs. and 35 yrs., Novel 1947

retained full immuni-
zing properties

Attenuated, 5-1OC Viable and virulent for
3d.P. after 8 yrs. Stein 1947

370, 2 mos. old, dried

rapidly 6 hrs. Swann 1922
LIQUID

Liquid air 6 hrs. required to kill Becquerel 1910
Bouillon tubes 2 mos. Duclaux 1885
Broth tubes, killed with 1%

formaldehyde with capor-
ite soln & 1% active Cl 2 hrs. Hailer 1948

Broth tubes, killed by
Chloramine soln with 1%
active Cl 4 hrs. " "

Bouillon susp., R.T. 10 wks. Kirstein 1902
Bouillon, 18C, strong wind, Inoc. 1,254 Col., Recov.

direct sun 0, 80 d. Kruse 1895
Bouillon, 37C, in dark Inoc. W,158 Col., Recov.

94, 80 d. "

Liquid air, -185C No impaired vitality,
20 hrs. MacFayden 1899

Broth emulsion with unster-
ilized milk, liquid air No impairod vitality 7 d MacFayden 1900

Liquid He, -252C 10 hrs. "i it

Serum, 370 69 d. Panisset 1925
MTutrient, sunlight, air 2 hrs. Roux 1887
Nutrient, aunli'ht, no air 3 hrg. " i

Tou1illon 30 hrs. Sanfelice 1893
Attenuated spores in N. sa-

line c plyeerine, 5-I1C Viable for G.P. after
11-14 yrs. 'Stein 19476 A.19 7

Phys. serum with glycerine
20-30C dil. 109 114 d. Velu 1931

"i diil. 10' 1072 d. " "
"to "1 dil. 10' 1072 d. " "
"it " dil. 104 1877 d. it "1

Bouillon cult., direct sun- 8 hrs. for bacteria, Weinzirl 1914
light on paper slips 5 hbs. for spores

Licuid nir In !lnss No chnhRe 90 mri. White 1901
SOLID

Plate cultures 30 hrs. Arloing 1885
Spores, bouillon, test tube 2 hrs. t i

Agar & gelatin platas, ex- 1jp hrs. (July, Nar.,Aug. Dieudonne 1894
posed to sunlight 2* hrs. (Nov.)

0- hrs. (winter)
Agar plates, R.T. 24 wks, Jones 1942
Agar, 370 18 hrs. Launder 1932
Nutrient agar tubes, ozon- No change at 8 d. Ransome 1901

ized air thru tube



TABLE • / THE SURVIVAL OF BACILLUS ANTHRACIS IN CULTURE

Factor(s) Survival Reference

SOLID, (conttd)
Agar, inoub. temp. Viable 24 hra. Sanfelice 1893
Agar cult. 2-3 days old. 5% incapable of germin-sting 7 hrs. Swarm 1924
Agar cult. 8 mos. old, kept

over fused CaCI 2  7 hrs.
Gelatin agar, 180C, sun-
liht for 6 d. 2-6 hrs. Ward 1892

80C. (Str. R1009) Inoc. 234, Recov. 200
after 2 hrs. expos. to
alkali Jones 1942Best time & temp for heating industrial material

suspected infected with anthrax 5 min 0 65C.
Continuous freezing at -60

to -70C, blood susp. Organisms destroyed in90-124 d. Stein 194718 hr. serum broth cult. Viable for d.P. after
-5 to-lOC, 10 yrs, 8 mos.

Boiling 10 mmn. Topley 1936

£
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p~ o'tr.; Survivail Referenca

DRIED,9 (1ENI-MAL
Typhoid, phaei~

5~N~i ~hyrued In
Raust *Ueiom apparpt, Viable 26 y-~i. mm r ( !r)

Dri au Cn IvIC,-3 yrs . Car- )L '11 -1 ý;1i -
Driled Moro resistant to hocL) 'Voddpr 193"

E., coli and aLatphyz1ecorc."
7ThCzthe 20X- Did not lI e activity Sanderson I 9,-

16% Called to survive
10th "86%

~3~ flt)% PI2i
AcITaT -tion of 1ý 1j(e Iat in w th lyophiltznd d3stroynd Schade 19Lj4j
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Ucd:~t;!of ol' momt., gelati i,No ,onatant. protection
dldegfv alb. peptone for phago Schade l94111

Tg st ri. C, riuein, himan
s erur "I hurian p12 ""ma

41 -, jj,18 hrs, 1.8'U.. SurYviveS S ie ralows Ic 193 0
Lo i ~~nI . L ntto s u~tnapE

at 3W C. In acid med( I
TIF 121,9~ h., 193 C, 3 iV 0 s

pH J wvu&1 ait 37 C,
licro rosistrnt to pH tha n dorresponding orgranismi



TABLE THE SURVIVAL OF BORRELIA, LEPTOSPIRA & SPIRILL'M IN CULTURE

* Factor(s) Survival Reference

DRIED, LYOPHILIZED
Borrelia

-7fc (duttoni 1 yr. Turner 1939
Blood drawn early in

disease regains motility
better than blood drawn
late. (novyi) Lofgren 1945

-780. (novyi) 1 yr. Turner 1939
Rat blood, -12 to -20C

(recurrentis) Infectivity reduced 6 wk "
Warming from -78C to 00.

over 2-6 hrs. period
(swellengrebel) Kills most of organisms 0

-78C (tickmouse) 1 yr. "
Dried from frozen state

(vincenti) 192 hrs. iiampp 1947
Lyophil. vaccine has grea er stability than

regular liquid vaccine. Verwey 1950
Leptospira icteroherorrhagiae

Rabbit testes in infusion
broth, -78C 10 mos. ITurner 1939

20% tissue susp. in in-
fusion broth, -78C Actively motile 10 mos.

Spirillu minus.
Mouse blood & peritoneal

fluid, -780 Viable for mice, 1 yr. Turner 1939

LIqUID
LeptospirR icterohemorrhagl•ie

Serum Ringers soln., 42C 5 d. lAnjow 1928
Physiol. saline, 29C 20 d. Reitano 1939
Physiol. saline. variAhla

temp. 8 mos.
Serum, 37C 6 wks. , "

"30C r3 mos.
"i variable 7 mos. .t

.2% guinea pig blood, 300 16 moes.



. TABLE 0 THE SURVIVAL OF BRUOELrLA SPECIES IN CUt.TURE
VI

. .ac.tor s) Survival I 1eference
DRIEDO GdENERAL

Brlicella, specie:o SDried - 4-5 yrs,. Proem19n'

LIQUID
Brucella abortus

Broth, 15,0 7 ,, dry 400 d., Feldman 1935
S~line, 62 C. all dead 1 min. 3eelepiann ]9gP

Prucella melitensis
Broth 15 d. Bellelli '1928

Brucella suis
Aerated broth cult. with
dextrose 'k ascorbic acil.
20-25 C. 2 moss Elberg 191:7

Brucella, q.)ecies
Solno buffered to PH 7.2 4-5 wks- Zobell 1932

SOLID
Brucelila r•clitensis

Nutrient gel-, 22 C0, No change 8 d. Rpnsome 1901

Bracella abortits "
-- cubo 3 0 do @ 27 D, Smooth replaced bySmoot'

X at end of 30 d. Goodlow 19j51
The three smooth ty.e s ware similar in virulence,

ant.•enic prop. The thrhe differed in resistance

to alanine which acc'.,mu otes in clture fluid.
Oripinal smooth type will grow in alanine.

* Elv.iTon in temp c~senis reduction in f' of viable
cells. Recovery when difference between temp. Hutton lI.l
ot ice Film r s1irfce or suirrounding sRmple is
small.At high mioisture 9 of viable cells in very
low.. Increase In dryne.qs increases survival aft r
storages 'Slow rate of Irying increasos % viable
cells. Rp.co',ery of vin lsi cells after freezing-

.- A 1yin low unless NaCl )resent,,-•• n, I•Innoco 25 b/CC0  Recovo

20.2 b/cc, 100 d. Verwey 1950
Optimum pH 7-7.I 4' Zobell 1932

Brucella melitcnsis
".Stored-37 C.• 17.3% survival 4 yrso Stamp 1947B 2 • e] .l a• p e c i e s

Sunlight and drying Lowers incidence of'
disease Polding 194L7



TABLE THE SURVIVAL OF OLOSTRIDIUM SPECIES IN CULTURE

W Factor(a) Survival Reference

DRIED, GENERAL
CI. novi L.-5 yrs. Proon, 1949
C perfringens 3-4 yrs. "
al, septiour, 53-4 yrs.
al. spp. 1i. yrs.

DRIED, LYOPHILIZED
Cl. botulinum

Sorenson Fuffer soln. ±200 for 9 days had no
pH 6.9, frozen with effect on spores, slow
carbon dioxide or quick freezing had

no effect on spores. James 1933

LIV.ID
Cl. tetani

Glyc~rine under high 20% active 45 rinn. Basset 1932
pressure. (13,500 atm)

Cl. botulinum
TTninoc'culated dextrose Recov. 32-81% Dack 1929

broth exposed to 02 for
1 hr.

"pH 6.8 Renov. 0-57% " "
Unbuffered salt sole. Recov. 0-37%
Subcult. in beef heart

100C with 4% peptone Recov. in 1½-2A hrs. Sormer 1930
Above plus Recov. in )1 hrs. " "

Casein digest 4  Feat resist. 4. hrs. "
Post rosistnnt in 4-8
day cultures.

10C refri,. foods Growth only after 27 d. Tanner 1940
5C No growth up to 108 d. " "
Glucose, beef infusion 10 nin. Thomr 1919

broth. hoated in watezl
bath 70-73C

10% salt broth, R.T., Lg. >49 d. Wyant 1920
# strains ranging from
1-10 not inhibited when
in alkaline med.

Cl. tetani
Grown in dextrose bouillon

3mos. Viable 2-1 mos. Wesbrook 18 96
SOLID

01. tetani
Sealed -gar tubes 38 yrs. Boventer 19 7
Appar, 370 . 20-2 d. San Felice 1A93

GENERAL
l. botulinun
>5F 140 d. Campbell 1932
1000 noist, 5 hrs., pH

6.A-'7.0 Spores destroyed Tanner 1923• I 0 5 o , 2 """""



TABLE f( THI' SURVIVAL OF CLOSTRIDIUM SPECIES III CULTURE

- Factor~(s) Ourvival nEu orurleo.

GENERAL (cent.)
130 C,,, 1,,5 h, 1pH 6.8-7.70 Spores destroyed Tanner *K2.,
115 C. , 1I0 min, " " '

120 C, , 10 min ., " ,
Young cT.ores more reeiss

16 c., 14 mos. 11"i in fruits and vog P2. yrs.
Direct sunlirht, cotton

plupged tubes 24-40 h0  Thorn 191"
Diffuse light, 2mos. "
l00 C. 1 h. "
100 C., pTT 7,5 Killed 5 h. Weiss
105 C. it '0 mnm. "
120 C. " 6 m:n.

Decrease in thermal re-
!Alst ce as sporus agou
H ion decreases resis-
tnnce of s!,ores to heat,

C1. fragilis

57 0. 24'-30 h. Repaci 1.CLO
Regrig. 1 mo "

Cl. moniliformis
- C. 4 wk.o "

RoTe 21 mos.
•. C1r. perfringens

37 C. 3 do

Refrig. 1 mo,.
C01 tethoide

37 C,. 6 d.
R,T. 6 wks."



TABLE -2 THE SUMVIVAL OF CORYNEBACTERIUM SPECIES IN CULTURE

?actor (.) Survival Ref erenc•

DRIED, GENERAL
S, diphtheria

.HDried t4-5 yrs Proom 19J,19!2°.Magnus aoni..Holth

Dried, dark 6 wks. 'ottopen 1945
Daylight 2-4 wks.
DC aipyolenes 4-5 yrs. Proom 19Y-(

Dried 4-5 yrs.
LIV ID'

Co diThtheria
Bolllon Recov. o, 24 ,h. Abel I.;3
Washed serum, dried in

daylight 121 d.
Suspo in physiol. salt.

soon., washed - 8 C. 6 mos.949
2% glycerine, - 48 C. 6 mos
phosphate buffer, - 48 C 6 mos.
Proteoae peptone, - 48 C 6 mos.
Old bouillon 1 cult. viab. 6 mos. Kasanisky ]899
souillon susp., from Kirstein 1902

diph. memb,. RoT. Innoc. 100,000 col..-' .
recov. 8, 21 h.

" in daylight 24-48 h.,
Bouillon suspo, R.T., 5 d,

cellar
Bouillon 523 d. (Bombay Str.) , Lal 1921
Broth eiruls., unstor.

milk, liquid aid, No impaired vitqlity 7t MacFayden 1900
Liquid hydrogen, -252 C. 10 h.
Physiol. saline. r.to, Innoc. blooa or serum

absolute dyI~n- over agar. Viable for mos. Otten 1930
sulfuric acid in vacuoj P1 4 1 _

ZcnzI t :t h M c t o I c t
Pure culture swabs, dark 60 d. Pathogenic 40 h. Schofield 1916

following isolation.
Pathogenic 50 hrs. fol-
lowing dessic. witth llg t.

Liruid air in glass Recovo 35% in 2 hrs. White I.01
C, Me rnusson-Holth

.51,7 formaldebyde Killed in 3 h. 0ttosen I•.1ý
C., pyo[efnes

Pure culture 30 d. Kirstein, '.02



TABLE (. The AURVIVAL OF' CORYNERAICTERIUM SPEOIES IN CULTURE

Factor(s) Survival Reference

SOLID

C., diphtherip
Gelatine 18 m0s. still alive Abel 3
Gel atine in dsrk 331 d.
Agar cult,. mo7 "
Agar cult in (irk, R.T. Still vishle 171-172 do "
Loefflers, -23,5 C,,

old cult, 2. d, Viable 86 d. Abel 189
Loeffl r' 23,. 7,

old cult. 21I di., Viable A6 d. "
"H Str. 2, no ýrowth-.86 d. "

"Stro M, 2 colofLes
viable 86 d. '

Glycerine spar tubes No change at end of 8do Ranseome 1
37 Co, ozonized air
aspirated tiru tube

GENERAL
Cý diphtheria

Incubator, dried, R.T. 7 mow. Abel 1093

ERYSIPELOTTIRIX R1ThISIPATUIAE

DRIED
Dried 4-5 yrs. Proom 19119
Stored at 37 C. 2,6% survived 4 yrso Stamp 194?

%



TABLE THE SURVIVAL OF DIPLOCoCUS SPECIESi IN CULTUM.

F~ot~r(.~)I Suvi val

DRIEDO GENERAL
D,, L neumonilae

Dried and formalized 9 woeks, agglutinated Bourn 192.'i
with modifiled FAstr Ic 4- weeks, capsules dis-
muc in integrated
Dried 7-8 yrs. Lal Kalra 10941
38 C 6-8 yrs. Patella I.rY
Loss than 17 C, 4-'5 yrs. Proom

1)R IED, 'L7 0'P 11-• [I T, ]51'rT•-
D. pneumoniae

Dried, frozen, plan In
broth 3 yrs Stillman j ()I.-,J

"it Type 1, recov, 42% 3 yr' "
" ~2, 6" 6 3 yrs "

p13, 62% 3 yr3." " 8 " to 72% 3 l•rs ,
Dex I.rose agar •3 mos* Swift 1921

LIQUID
D.• pneumoniae

""LBroth, sqiv.lw or 0.T,"'
saline susp. 1, H 50"9 high Tnorta]Ity Dlinklin --,

Physiol, saline, RoTo, Innoc° on blodd or
abq. drying in vacuo. serum asar. Viable mos. Otten 1930

Sen.,jlto with Met, violet 'Recov, 0-15 mrin. Philibert 126
36-38 C. wl th Hb. 50-(10- dý Rymowitoch 1902
R Reef bouillon 36 h..

A4 "T" mod. with 2 vol. 15%
gel., in phys saline,
ice-box temp., >6 mos, Truche if]%

Blood with glucose or
Sserm= broth, too box,
A-Lly ' ..... svar•l ro. Yourevitch i 10

SOLID
Do neimoniae

1 pnrt nutr'i-t agar and
5 parts strile accltic Short incubation
or pleu•rtic fluid. •3 more. Wadsworth 1O0i

Stock agda culL., covored
w;th th.n layer rabbit
blood. 50 d. Washbourn 1896

D.) neumoniae
)7 Co 132 d. Lal 19'L

Change in p..H ,from 7. 80
to 4jO!7 from 13 h. to .h. Progressive increase

iD duath rate Lord
"80 F.., daylight Type 3, Smooth q mos. Stillman "4.C

1'0 C, , dry 30-60 min. Yespir,. J '
56 C., noist e60 rn n."

p



TABLE_ j T;SIIR iV1VA1. CV ()(i(~r¶ ACLI IN CULTURE

Dr 1 v I- i -

Sbruth, '~~Co O M T,. 1927

"70 n o., 5-11
1% ~ ~ ~ ~ ~ fc~ pjusý1.1, oi

WAtt peptoni 'r 141 di hrn r o 0. .~d.JBuil..ng 1.918

urn r. f)' 1 .r

Above u--ith oýulttzri4 ?) o. ýi

/rp~n, P.Q h

J~'~ k) 0l 0' 0

I ~ ! o l0 ',tti ' / Cn oC

W nii 1C. ?cTc
y'L 'l i t)~ccc j on of g ýtl O£-

kr '1.i i. (.jj l 7-'t£At n

f1:0 - )ý ý4 :, I I ' (-. fi.. a1)e.r 1.5

1I .. 1. flT i'~ j:

~() C 1' i'
or.
Kt 0 l, t 3 a5

mA1)



TAB3LEJ~. TUP MrUfVIVAL CIP PO$CJJWlTOBTA COMhi IN CTJLTUH

PA K)su aiV LVal Ro'terence

Buff erdd nmdia. 5 (Y M"i' a wja odn 1
pH ~~ ~ S 6.5-6 6iomi1 .'% rtortality

pH 2.8 99 1o xC ~a11I tQ,*

4.12 miiif
B5% NaC 1, ?C2C h Kadisch 3-

5412% ý'J P ý"O.~' ~ 2 C T, .- Xr i v a n ;oit.hj.
sUsPJ. In Nw!i

t
.'r

'185 C Llciqul i ii2 i No, imprup d vitality 20H NaaFayden 189--;
iro th criL r h i

mnilk, lixiii Id ;ýi i Nr.lip 'Ie Vito. MY 7 1 QcPsyden 190
QP1iL tulles 1.1,111. d it
Liqi id H,, 25P2 C , n L h

Lactot .;'cn w~,r MD.0hi 1920

Serum, 37 0, Vý( Poriisset 912 5
Sensit wIA I mo~t.vir 3o1 ~t. 1ac 0 0 2 h Philibert 1926

W~ine, 7rý C 1"i* ou) 1l Plý(OM 19%q

B~roth 5'.
Brobh, MYIT 43 AA

Ringers sC;oln ., p4 2n cc v" i ~ ~ ge~y22

V1 0 p' 1 9 h. .i

It 11 1( bYý , )4.

11 11.
NaCl F'1n. 725• V pH ~ ~ 1 h'

Na%"!~~~4 SC-4. h.1ý F 0
of 1,1h It

CR ý ..'3cln 1. !,5 ;-,, to OC. 4~ IT it

41Ii 1 oI

B aI 1.o .cd oo -

ý3 . st I- r't y (tn VoI 1,; h!

bant 'i -'b in 'wi t-r n t

t. 1 1-1 t 1cý i. ki4 rt]t 11 - , 1

fwxrorn v.h :Y .



TABLE-LiC. MLi SUIR V. VAL ON R3M1! :'1J(;:UIA r-,01, Ii Ci.11i

ird ~ ~ ~ ()1c,- I* aI II '

Cw or ;'i'i rdf

Naei 8nd Cn.01) ',w hc, nr) mr !(,r Lomk *1 Inc.

NaCi .acln rec-cil 6 w1ks .Madler IV?
Bro ýh, 13 t-~ 5L c I'.' %' wk:n Tarinner

1 0% sucl'oso m1ip .1 C;L 1 . m': .00. lo/mrl liei "ier 1~9 1 6

dc~,~tClci f!n...( 000 6> O/,;,,]

Fpptows- fu fo -1 1h 'fO.cnw -ind diff'-ft-

A~1 7 0, sius[ X2 h cl~U rul it *.r ct'., '10 h W . s ozr~,
~ h befowu conbtri tXp, 10ný a 'lirvi Val Wiln,3OW 1927

( ~after
~I i A ftr t, rr/ f

'Iro h un1` mixcod w Ith 2Wil3lo.W 11
sand, 6n(, RTT 9 0j,

Above wl 'h flHJ -?1;0 111
AlWove, temup 7 J1 ( )O 65{ hf
Above, themo. 690n ,q q! RI



TA13LE IH SU"I'TVIVAC, OF ES5iILHICUIA COLI IN C1JLTUHE

Factor(0) 1 l3Ar:vival. Reference

Ha~w milk Urn Y~puI(~cepioitime 1-fngth- Allon
- 1 idd'jd to 'I itemvi i~i I er , n

nciub. 15 d, )x . ,1 (i~Jl.Ap)Deinc )~

posed to w.ini 1 r'h '7 14 (av)

Ni UPI .*ntl qjFL .i 'r many v 1 abin c1 2 i-;ý 1 ]i, n S)rt 3r I ;i db

indrk
Ag~ar uoxpoged to U ri IO ti Ac.qiiir(;d a1 ivht F'11r ri I n'r i>
Arfi X w "O. .wor

t 9muAvant c. trioln~i T~nturn

Nutrý I korit nFalo W' ;.)i INea 37 0 L~e;i- ! c, Ki c tha~n 0j .MlXt 71~nsl!

milc enI ,'cl 1nc,
CaCIl.l) 0 001Y45 mI riooor..V :.' 211 1 wimlow
N a C 0..0 1I5 M Inn o c 10 0'% R c cv 1 0,

Geliatin 20 C.. a u o o '. ri 1 Wor th 1.9,19C
to hnTh .

GENERAL
Cells of 2,. c ()'1 ;I- w~r(: Io. -rid Bibrke 1'925

týo vc(.iv, tnpr~rit. f'r 1(~

Heau sho--1iced 2TO Tin. *.3 C Inno.;, 1. bl.7 000, Reoov, E1ilk,-;r 1~938
91' lL(JQ)OO, 33 hr.'4

inuoc ~61. T, I)0,fc'O.
~~O000. - Y7 h.

tl '. r ~ Inioc. I 'ýi0'O0,flenov..
4." .0O 42 h.

3P, ~I n no v 1 3illK( (0 0 .F co v.
000oo, 20 h.,

*Innoc 1 413,,000,R(.cov,.I. 1 ýýt 7,000, in) 111
Cul] ture med.. ,j. yr-3 1; ) 0'- roducion In Lc h . Tie g ar t xsý.o

10C, IWfnwlivin7 ( i,,1,l duow, changet

susp 31 o" 1.. ':L0~ tc~

t~~~~~ 93Ic Iuc~rI

r~reates t, in t(ilt).inn~}'to
].onr-o3't. (h'otent,1 1 re In

EColl an'] i0:7'p I!),h
Gyw)I If- cu].t.uro ';, A J..La, 19P5~
D c a. ct rd Death ¾ pt ioo(.(1ý .ogaryth-fHe11er 19)~

Infl .11.11-1 Stab. e Vi b.*h.-.' e ot . n': perioiz



TABLE • THE SURVIVAL OF ESCHERICHIA COLI IN CULTUIM

Factor(s) Survival Reference

GENERAL
Diet. i,,ater, saline, salt- % reduction in deuaic.
cin, tryptophane, glucose, microoiaganisms changes
xylose, sucrose from 03.P% to 8.0% in

1 d. Haller 1941
With similar cpds. In
fluid control, the %
reduct. chan )ed from

33% to 6.0v
Variation of resistance in Ratio drops in ? hrb.
relation to age of cult, then climbs rnd reaches

maximum of I at 8 lirs. Regnier 1938
60 C. 30 min. Ruska 1941
100 C., broth, diet. water,

dried on collodion filth. Visble I h. Rusks
62 C., ,,atery medium 1 h.
5-7 C, 24 h. it
Liquid air, -183 C. - f

-78 C., thawed 20 times Die1  ot lose activity Sanderson 192P
45 C., changes suddenly to 95% rieuction, 1 h.

10 C. Not affected when changes
in tomp. take place
gradually Sherman 1934

Young cells, 1 C. Inoc. P,600,000. Recov.
o, 42 d. 1942-

Mature cells, 1 C. Inoo. 6q3,000,000, Re-
cov. 10,400,.oc, >6 da,

Stored at 37 C. 12% surviv(o 4 yrs. Stamp 1947
8 C. rise in temp. rit a
given cone. NaOH K inc. by 35-109% Wvtkins 1932

Double cone. of NaOQ Increases 1 10 timos i

Lime trectment, pH 9-9.5 >540 riin. Wattle 1943
" 9.5-10.0 'o00 o
"" f 10.0-10.5 '600 Tin.

" f " 10.5-11 >60 " 0
"I " 11-11.5 )300 " "

Rate of storago death tt the higher freezing temp. i
very rapid & is much greater at the temps. ahove -3 C.
than -30 C. & below. Repeated freezing more lethal
than simple freezing or stortige in frozen state for
sImilar intervals of time. Freezing nuuh more lethe
tlan supercooling. Repeatod fluctuations of teimp. of
frozen suap. between -30 C. & -7P C. appear to result
in loer mortality than stornge ti either temp. but
this protective-effect not noted at temp. rantes' ab de
-30 C. nor below -78 C. I medirte death occurs st a
brief stage in freezing process during ,hiah extra-
cellular ice Formetion is being completed. Mortslit
due to immediate death does not Vry ,!,Ith Intensity

( and freezing time. Rote of storage'derth rt higher
freezing temps. is rapid at torps. above 30 C. then
less than 30 C. Repeated freezine is more lothel
than sing3o freezing or stcrge, in frozen st te for
intervels of time.



TABLE TIM SURVIVAL OF ESCHIRICHIA COLI IN CULTURE

Factor(s) Survival Reference

GENERAL
Stored at -1.5 C. 99.3% reduct. 180-210 mi . Weiser 1945

-15 C. P5. " 120-'2P5 min.
"-30 C. 55.3% " 225-270 "
"-78 C. 47.6% " 270-315 "
"-195 C. 39.7% " 28q-330 " "

Fluctuated at -1.5 to -15 C. 98.4% " 1 mi0 an.
35 times.

Fluctuated at -15 to -30 C.
44 tinea. 57.0% P 220 min. "

Fluctuiited at -78 to -195 C.
46 times. 50.C% " 120 ruin.

Acid action on iinruorganisis is spocific Yaoi 1924
-78 C., thawed 20 timoa Did not lose activity. Sandorson 1925



TABLE VfQ/ , TTEURVIVAL OF' I1CRiOO)fGA1NISMS 11, CUt.TUI~r,

I ~C' t u r Su -C VA S V a v 1. Ila f o lcfle

ývDRIED, GIENERhAL

Dri i I[ ad yps, X'room 1.91, C)

Dried .5 Y; yes Po

K0 37 C, bo im ln clý- jr.
Dr sh~]ort Lin Lof-, ibr g sI 819

Driod 4--5~ yrsi. Pr oorn 1949

Dr3.4 yra-- pz 4 5 19rs
Dri 0ed 7in * (bid1.1.'alive) J1ocre I iekct0v'1'i

Invwsh3-4IO )ot 10m Rogers 1914I

Stile 94
Aerob4-teu r seoroe)-

Pspp drie de 1 Bulloc 194
Freee dred,-pupon(.9(. Rnco 10

toiei 15 FL~C Rre(1l1' 5th 7,7~j d's SCampto 1932i~

.5motobs111us bnfuenv lcu
,loo broth, 90 2?1 h fhloger 1914'

it t~o~ 11

Srepaedrat2, 3Y 43.d Pnise 1925lty1~

AerobocteTremuqo~n wthun
P-ortn and~k watjilr duu

( ~eele dopieds )etn 7' d-co 10%y e 1(0

Liui -25 0,, 7. 0 11p'11 13

.2c -0 to .8 C.

aerum 3 L~ (dou' pher )l 43 Udlmnse coniuetn9
LCtobacillu! aiohllq
"B"-r vlL 3 - n wdt I tui dn-,,2

Milk ý!, ].aotoso,, 40 )13 C..
(9 (bu.~gari11110c.oo 1. X 10/rn1.Roccov" 100 X 10A,/R t" j1oe rs



TABLE A./6 THE SURVIVAL OF MICROORGANISMS IN CULTURE

Factor(s) Survival Reference

LIQUID
Lactnbac1!l~us casei

Nutrient broth Rapid freezing caused
less injury than slow

freezing Lund
Protels vulgaris-Na-0l soin. 3 wks. Karaffe 1912

Liquid air, -185 0. No impaired vitality 20h MacFayden 1899
Iroth emulsion with un-
ster. rilk, liquid air, No inpnired vit., 7 d. to 1900

Liquid H2 , -252 C. 10 h.
Pseudoyonaa Pyooaneus"WE5 . Peptone water 'cult.,

vacuum dried 7 ros. k 7 d. Shsttock 1912
24 h. peptone water cult.,
air dried _-6_d. ,t"SOLID

Aohromobacter, spP.
Nutrient agar, C. Rapid growth, 5 d. Raines 1934

Aerobacter app.
24-E. agar cult. in dist.

water on filter paper
in dry incubator, 37 C. Alive 31 d. Hastings

Above with milk cult. Alive 96 d. "
Dry corn starch, R.T. 31 yrs.

Azotobacter chroococou.
"Dextrine agar, dried 10 yrs. Omeliansky 1926

Hemophilus pertussis
Agar, 20 C. 8 mos. Worth 1919

Lactobscillus bulgaricus
>657 d. Lal 1921

Malleomyces JTallei
Glycerine agar tubes, 37 C.
ozonized air aspir. thru No change at end of 10 d.
tubes. Ran3ome 1901

Proteus vulgaris
Agar, l0% sterile cane
sugaer soln., -10 0. 8 mos. Keith 1913

Pseudoroneas
Agar, hovered with 10T
sterile cane sugar,-10 C. 8 mos. to

(fluorescens)
Agar, full radiation of 1 h. at 5 om.
lip. arc. (pyoaenes)* 15 min. at 8 cm. Fazzoni 1914

Nutrient agar, 0 C. (sýT.) Rapid rrowth, 5 d. Raines 193
GENERAL

Aorobacter aerogenes
Excess lime,. •H 9.5-10 >6 min. Wattle 1943

" "t 10-10.5 >600 mrin.
" "t " 10.5-11 )540 min.
"t "t 11-11.5 )600 min. "

Erwinia amylonora
""jExudate, 16 C., RH 0-45% 22 d. Rosen 1938



TABLE THE SURVIVAL OF MICROORGANISM! IN CULTURE

Factor(s) Survival Reference

GENERAL
Erwvnia

Combinations of moderate emp. & moderate or high
humidities provod conduc vd to shotit life.
E.jually high terp. with o,. R.H. made for long
life when organisms in e zdate. Rosen 1938

Hemophilus influenza
Blood agar slope, 37 C. >132 d. Lal 1921
Phybiol. NaCI soln., R.T.
sealed tubes. Absolute
drying ovar sulfuric acis
in vacuo Viable for mos. Utten 1930

Klebsiella
Stoc lab. cult., R.T.,

sealed tubes. 12-13 yrs. AhuJa 1935
Malleomyces mallei

Vacuum, 1-4 C. 25 mos. Velu 1942
Proteus app.

Stock lab. cult., R.T.
sealed. 19 yrs. Ahuje 1935

14-30 C. 103 d. Hilliard 1918
(P. morgagnii) 1,562 d. Lal 1925
None given

Paseudomonas
(Aeruginosa) Freezing 50 h.
cult. age 24 h. 17 d. Hainmer 1911
(Pyocyaneous) Excluded
from light 3 mos. Shattock 1911

Excess lime, pH 9.5-10 1,410 min. Wattle 1943
"10-10.5 >300 min.

" 10.5-11 )240 min.
"i " " 11-11.5 >120 min.

A -



TABLE L THE SURVIVAL OF MI CROOROANISMS IN CULTURE (GONERAL)

Factor(s) Survival Reference

LIQUID
Broth;'r diest. water, -160, Shorter than in sea

water° Hess 1934
-185 d. No impairment of vital-

ity, 20 h. MacFayden 1899
Horse serum, vacuum over

phaosphorua pento~ide. 83% viable l. yrs. _1950
-SOLID

Nutrient Agar, 22 Co.pff 72 103 colonies - Brown 1.930
Nutrient agar slants, 37 C.
or 30 C. with 572-25,320
R.. X-ray... Order of decreasing re-

sistance: Staph. aureu:),
Eo'coli, A. aerogenes,
So mnrcoescens, P'o
aoru-inosa, P. fluores-
cens., Fram 1950

Greate st in resistance observed with readily ab-.
sorbed cations. Harris 11949

Petroff medium, bottles
evacuated, left in ice box, 11 moso (acid fast) Harris 1923G EN ER AL

Spring temp I 40 d0  Duclaux 1885
*0', Summer temp. g20 do.

Dried organisms more resittant to high tempo losdorf 1938
Slow freezing allows cone. of salts A protein de-
activation. areaves 1944

Destruction of microbial fomns at -.10 C, faster than
at -20 C. compares favorably with other reports.. Haines 1934

Resistance to UoVo light 1.4ocr in non-pigmented
microorganisms than in those prodiing pigment
but not excreting it into nredium. Carotonoids have
protective effect, Microcppnisms excreting pigmen
to medium are as sensitive to T ,V, as colorless org :mshenetkii1946

Low temp alone does not d. ,; ny ý',Rteria but appea,1

to favor longevity, Keith 1913
Storage tomperature approAne ing 0 C results in a
greater decrease in bacterial numbers thitn that
observed at lower temp, Kiser 19142

120 C. s.team is effictive ia sterilizing spores of
soil bacteria Konrich 19'3

28 Co, sea water 4 d,. Lipman 1926
Orga, isms survive equally w 11 -at tronpe colder tha,,,n
solid CO,, Survive temp,, anvlng from that of

liqpid oxygen (.-183C) to tpnt of liquid He (.296 C,.
In rapid freezing the wateA in the cell Is not
changed to ice crystals but to a' glaus-.like aiuorph-
ous mass • this results in 3.c; injury than frooz-
ing at slower rates. Luyet 1938

Most orgbnisnis live lonjer ir~der sterile paraffin oi . Morton 1938

..................... l •, ... .- ,.' '*'+ -- '



Factor(s) Survival Reference

GENERAL
23 cultures enteric bacteria T.'rorn su.pected-food
preserved on nutrient agar. Original charocter
unchanged 11-37 yrs. Pergola 1950

Death during storage is a function bf storage temp.
Moisture presence most impn trnt fantor contribut-
ing to loss of viability. Presence of 0, deleteri-
ous. Dry nitrogen atmosphe e superior. Survived
best vhen protective collolis such as serum & broth
used. Survival lo-est in saline. Yoling cultures
more resistant to drying. Proom 1949

Viable in frozen fruits after 3 yrs. at 15 F. Agar
slants held at 16 F. for 1 yr. Smart 1935

7-10 C. below optimal temp. Maximum tolerance observ, 1949
ad. Van Eseltine

High temp. resulted in spores of increasing resis-
tance in peptone wster with added salts of magnosium
phosphate Williams 1929

Sodium favors viability but toxic in high conc.
Calcium opposite effect of sodium in 1or conc.
Pb & Hg, though toxic, stimulate viability in high
dilution. Winslow 1928

Marine bacteria very sensitive to heat Zobell 1939
*Cult.,, -15 C. 160 wks. Tanner 1928

V



TABLE 0.. THE SURVIVAL OF MYCOBACTERIUM SPECIES IN CULTURE

Factor(s) Starvival Reference

DRIED, GENERAL
M. tuberculosis

Frozen culture, dessicated
refrigerator 3 yrs. Cohn 1939

Natural cultures 6 moa.-lyr.
Incubator, dessioated
Dr ing Shortens viability Corper 1923
17 years dessioation in

vacuo on Lowensteins or
Dubos medium 9 strains, none grew Frobisher 1949

Petroffa medium, in evac.
bottle in ice box 11 moo. 10 strains, 11 mos. Harris 1933

Dessinated in vacuo 17 yrs. Probisher 1949
Dried h-5 yra. Proem 1949

LIQUID
M. tuberculosis

Nat1 soln., 0.99%, i2nject
into guinea pig 24-31 d Bartel 1908

NaCl soln., 0.9% 2 h. afte
opo inoc. e143 d.

"'8 h. after inoo. 29 d.

" h . "1"i00 d."L4 ho 88 d.

SOld culture 43 d"
Dint. water and glycerine
inject into G.P. 13 d.

after 2 d -

33 d. 155 d.
Potato with glyoerinated
bouillon susp. in
Lowensteins med. 1 C. 567 d. Roquet 1943

Petroffa gentian violet Viable 4-8 mom. Corper 1923
and egg.

Buffered isotonic coln. pH 7
Temp. 60 C. few min.

150 0. 5h.
"45 0o do

Broth, whole egg, 50 0. 5 h. 1938
"55 C0. lh.
"60 C. 15min.

Petroffs gentian violet 4-8 mos.e 1923
or 5% glycerol agar in
icebox or incubator

Physiol. saline, 5-10 C. Alive and virulent ),l yr. Feldman 1932
Saline susp. -76 C.
frozen, dried M6 mos. Glover 1946

Dorsets 6 yrs. Gloyne 1920
Purifled easein and

glycerol, 37 0. 2 yrs. Hastings 1923
S.85% NaC3,, -252 C. 0 h. Kadisch 1931

.............................



TABLE V T"'. 01lV?!AL OM NYCOBACTERIUM SPECIES IN CULTURE

Satr t ( ,3 ) Surviv1 Refercnco

LIQUID, CONT,
- Mo tuberculosis

BouillnRnoT9 , Petri' 5 ci Kirstein 1902-
dish

Liqtkid air in steel, tiibe No p.,th aftcr 6 yr.,. Kyes 1929
* •30 Co Stored in dark

ice box. (Avian)
-192 C., liquid air(Avia ) Did not datroy all

viab.' bacill.i but de-
creased rntc of surviv-
ing bacilli nultiplicat

in culture qc produced
TB lii anlinals

S+ored daily for 21 hrs. All anifals showed 4,in
in Co0 bn .. h spleon following in-.

foction

Culture stored 6 yrs. In>, into rrbbits (4cc)

-3 C. In PO• ,sol.n T; . Ifow any elff
-3C ,,T, 0i01 , old chidks,

Lo;;t. pnrL hot'en- "aft.t:r 1I
R, ,T,.

200 X al ternate freezing Still showed ro-me viable
in licq Id Nl,(-195 C,) organir.-sr

9 and thawing in wat-r
at 34-36 c.

E g medium Growth Larson 1922
1% castor oil, noap soln. TJo ,rmiwtti i
0.8% NaCI soln., 3 d, Moriya 19OC
Beef decoction 9 . 't
glycorol bouillon In Qos.
.8% NsC1 37 Cý 98 d,,

.8 ice box 152 d
Beef broth infusion, ice

box 156 d,
Glycerin bouillon , ice

box 156 d,,
' .. ine Dgar, 37 Co ,
.,led and incub ,(Avla %) VI.,le 20 d. Potter 1939

N•on- vi1b3 e 30 d(
Glyc erine g.•tir 3' C,

culture, 2-.4 wkj. doa].
ed in Ilas1.s (hlman) infotiouos power retair

Glycerine errr cult. 38 ,,
.Tless sealed, Inaub, lPotter 1942
(bovine) Loss of Intfect., 2 y-s,

Hohn, Lowenste:tri Petra~r
riani deprived of 0t,
•Luovd in dark. 2-5 wl o
(human) Ncniviable 1 mo,

. •85% NnCl n3c0 d, docs not infect Pugrun.t 1929
Glycerine ayarv t.i. , with riinea pig

ozonized air, 37 C0  No change in 10 D, hansoms 190.

k9 V'



TABLE C / VI '.TE SPI1RVIVAL OP NYCO'3ACTEIEiIJNM :3ECI.S IN CULTURE

Factor(s) Sitr v. val Heference

LIQUID, CONT.
M. tuberculosis

Physiol0 I aaline soln, 310i330 d, Shope 1926
.5,neex' freezing

Lymph node emulsion in
salt soln. 87 d, Webb 1921.

Egg 30-50 min,, Weinziri 1907

SOLID
M0 tuberculosis

Glycerol ear, 37.5 C,. 443 moes, (max. 16 mus) Cooper 192",
Glycerol DNnd in 6 yrn

(M,, phl,Ai dead in 1, Yr) Gloyne 1920
Petroffs mediuni in bottl (Huwrsj) 11 ruos, Harris 1933

evac.., left in ice box (Bovine) 21 mos,
I1 mos, (Avi~an) 11 rosl "

Agar, pH 6,6 Or-w weIl Isaacs l130
Heating dir•m-n,:es # of
survivors 3ble to hrow
duvin.': 1,9g 1,h- .e Un-
loss grroLn at pH 7,,6
rore survivors g8rew bu
t,Mho•v g period was rot
d i , inc (d

SArtificinl media "10 yr: Karwacki 1928
Solid rodist in pyrex tnh

seRled in vnc'io (AWrip) viable 8 ros. Pottor 1935
Pyrex tuhe, R.T,, -',4cldl

in vscuo (Jt' I'll) viabln 80 d.
Dark, 37 C 5 r,3."

GEN iRAL
M. tuberculosis

0.50 F. 719 moi.. Bovine more Cooper 1923
resi :t.%~nthri n humon

37 C.. Incub.. in r)ycOVrol ]2 yrs , liij2 nmp•.n viab.
broth )1)1;,• hov ino vi -'Jb

-'9o4 to .-1979 C. V1'5.i- l:,t 24 h. Homma 1927
•1" 0 to -8.,0 C. V.:.hl• 2ni 21i. 1, "
,-7,C) to -4 -I..3 C. Vih'he, 31.6 ;'14 [.,

ý17.3 to -. ?9-2 C., V-.irn tct 14th h,"
.-10ý6 to "23o9 C. "" 5t,h ti
"-13.4 to -. ,ZS C', " ]..l t 211 h..
-11, 5 to "24 '3 - " 2,.d .4. h",8.7 to -17 4 C. I 3'd :?4 h"
Below 0 C. 62 3,5 Y1,

Above 0 C. 216,5 "1
Mixed with qulnino nReqi'ir(,s 25 riri oX, Mayer 1924
Deprived of O oind ITHO to 11..V..

f•;r 24 h . ýiUr',ivt as vinbile p-th-9 oX2r1s Potter 1935
Dark, no 0,• R.To, Dcsailo (Str,, P4) 2 yr., Potter 1937
Dark, 37C, T x Drssic, (Stv,. P7) I Y,"



TABLE / THE SURVIYAL. OF MYCOOACTERIUM 5PFLCILS IN CULTURE

Factor(e) Sanvival Reference

GENERAL, CONT.
?M. tuberculosis

Depr.val oM kills tube ,le bacilli. Rapid Potter 1937
dessication favors sur ival. Avian bacilli
ht body temp. survive or more than 1 yr;. with
only trace of 0.and Nz while at R.T. thd7.
survive 2 yra.

pH 2.55 168 h. Prudhoviae 1935
" 1.95 48 h.
" 0.97 24 h.

4 Nucleic acids have no sp clfic action on tb bacll -

us. Tb bacillus destr)yed by pH (2. Acetic acl
hns no effect.

100 C.. -- Ruska 1941
Ice box, near freezing 330 d. Si.ope 1926
Cult., protected from

light 3 wks. Simmons 1923 .
Dnrkness and moisture conducive to prolongation Twitchell 1906

of life, while dryness m d thermostat temp.
hastened destruction.

2 0. 12 mas. VY IL 9a,
BCG, DRIED, LYOPPI-TItIZED I

5% gelatin, 12 mus. Ungar 1949" " 26 . 12 mos. It
9Sterile serum, 4C. 12 nos.

"" 6C. 12 mosýi
Lowensteins egg med., 38 C. No differonce in number
before freeze drying. of colonies between,

before 'c after. Van Deinse 1950
Keeps vit'bility in 50% gluc se better than lactose,

amylase or serum in cylind r with paraffin oil, -50(.
R.T. Dimished # living organ-

isms, 20% at end of
lat mo.

Stacked in ice box, 5 C. No mortality during 1stý
"3 mos., 10% after 6 m o.

St-ored at R.T. 2 rues. "
BCG, LIQUID

Lowensteins ogg r'edium,
1:10 dil., 2-4 C. 2 yrs. Birkhou, 1951



TABLE g THE SURVIVAL OF NEISSERIA SPECIES IN CULTURE

Factor(s) Survival Refere:,ce

DRIED, ,ENERALNeisseria intracellularis
Dried on garnets and

glass in dark 24 h. Flugge 1905
Diffuse daylilht 10 h.
Dnrk 25 h.
Dried 4-5 yrs. Proom 1949

N_. gonorrhea

Dried 4-5 yrs.
N. species

Dried 4-5 yrs.
"Drying Little resistance Rhodes 1950

t DR=D, LYOPHILITED
" N.' intracellularis

Dried In frozon state 18 yra Elser 1935
Frozen and dried 16 hr.
cult. on 10% rabbit
blood pneumocoecus agax
plate in vacuo 151 d. Rake 1935

Above with two wk. old
stock strains " "9 d.

Above with four fresh
strains p151, ' " ;, >89, 741 d "

2cc broth )2 ino:., Swift 1921
N._ gohorrhea

Dried in frozen state 18 yrs. Elser 1935

LIQUID
N. intracellularis

Bouillon, diffuse light,
dried, ascitic agar 3 C. 24 h. (Raul str.) Belter..ourtl904

Bouillon, 20-25 C., 60% RH 3 h.
Bouillon susp. of 24 h.
with ascitic, agar, 50 . 3 min. e

"55 . 1ain. "
" 60,10,80 c. 30 sec.
" 100 C. 30 sec. " .

3ouillon culture, G-70 . I no. or longeor
Ringers, 20 C. 8-10 d.
Sline, 50 0. poor Flexner ,o91

"20 C. ftr " r
"37 C. good

Physi ol. i saline, 3.T.,
abs. drying in vacuo Viable for months. Otten 1930

Pure, undil. noutral
glycerine, -15 C. No chm ge in viability

2 yrs. Pabst 1935
Saline broth, dried at
R.T. or from frozen st te 2% Proom 19.19

Broth, RoT. 3%
Saline, -78 C. S6.2%
Sterile serum seal ed
vL th paraffin layer 16 moe. Ungerman 1918



TABLE. THE SURVIVAL OF ' .I-:RIA SPECIES IN'ULTURE

*-s tr(a zrvival Referen~ce

LIQUID
"''GUlVWu16,':104th generat~iop ,- .-r vpn AlIbrecht

1901

SN. onorrheae
Pigbonbl76oI o4 6.6 No growth, 12 'd Lal 1925

" N "6.8 108 d.
" n". 7.0 108 d.

" 7.2 123 d.
"" 7.4 159 d.
"" 7.6 189 d.
" 7.8 189 d.

"i" " 8.0 76 d.
Lactic acid plates in
ice box 4-7 C., Pre-
incub. in moist chamber Viable 9-15 d. Toorentz 1924

Ph~siol. saline, R.T.,
abs. drying in vacuo Viable for mos. Otten 1930

Gentian violet, 20-26 C. 24 h. Peizor ;.9 9
Physiol. Nael, R.T., on
ascitic agar, 24 h. cul *. Rerov. 79.2%, 6 h. Pieper 1930

* Ringers soln., R.T. on
ascitic agar, 24 h. cul,.

18 C Recov. 71.8% in 6 h.
" 22 ' Recov. 30.7 % in 24H. "

Pp rsiol. N&C1, 48 h. cul
. ascitic Levinthal met.

18 0 Recov. 57.9% in 6 h.'
"22 C Recov. 21% in 24 h.

Ringerp soln. 48 h. cult
on ascitic Levinthal me.

18 0 Recov 70.9%, 6 h.
" " " 22C. Recov. 16%24 h.

&aline broth, dried at
Mos 1.5% Proom 1949

Saline broth dried from
frozen state 15%

Broth, R.T., sa ine# -78 . 0.93%
Sterile serum sealed wit

paraffin lyyei 7-8 wks."

SOLID
N. intracellularis

Serum agar, r3C., 8 wks Dharmendra 1940
Pigeon blood agar, 37 C. 10 wks.
Serum sear 3.5-8.5 C. 27 wks.
Pigecon blood agar, 3.5-

S31 wks. ""
Yeast agar, 37 G. o5 mos. Eberson 1920
Agar surface, 2 C. Poor Flexner 1907

" 32-37 C. Good



TABLE L THE SURVIVAL 0F'NLISSERIA SPEC1ES IN CULTURE

Factor(SY survival Reference

.,SOLID, CONT..
N. intracellulars.
* Glucose agar ,rent, -15. No l1s, ofvia1.. 8 mo4' Pabst 1935

Gelit'lf 37 C.,, 1% acid'
added. to pheno1phth1ae n >7 mn6•. Worth 1919

N. ,onorrheae.
Gelatin! 37 Co, 1% acid

added to phenolphthale n ;8 nos, "

Vari nuritive pubstinces alter the survival
p~Iod Foa 1887

37 C. > 86 d. Lpl 1921
Sur'vival shortened at 31 C. and prolonged in
i6e box, 6-10 C. Miller 1944

4 d. Murray 1929
-5 C. 5 d Pabst 1935
Icebox, 0-5 C. 8 h. Von.Albrecht

".6-5 C. t h. "1901
" g80 0. Few min.

"100 C. Immediate
Stoppered with gutta per-

cha, 19-21 C. 4-5 d.9Dri d and stoppered with
gutta perchs, incub. t(mp. 185 d.

N. Rohorrhese
"" 40 rhes. 99.7% 10 hrs. Carpenter 1933

410. 99% 4-5 hrs.
41 '. 100% 11-23 hrs.
41.5 C. 7-20 hrs.

42 C. 5-15 hrs.
0 C. Few min. I

Gqntian violet, ice box Stored 8 wks. Peizer 1c)49
-20 C. 10 d. Luniere 1914
-.195 C. 24 h "



TABLE (z/ THE SURVIVAL OF PASTEURELLA SPECIES IN CULTURE

Factor(s) Survival Reference

DRIED, GENERAL
Pasteurella, pestis-

37 C. , Most dead in 3 d. Gladin 1898
Bubo juice, R.T., ex-
posed to sun, dried. 3-4 h. Kitasato 1894

Bubo juice, R.T., dried
on coverslip 4 d.

Dried Viable 2 b Tinker 1930
tularensis
Susp. in mizt. of beef
infusion, cys.tine &
rabbit blood, dried,
sealed 4 yrs. Miller 1946

P. species •

DI e 4-5 yrs. Proom 1949
LIQUID-"-

P. multocida
Broth culture, R.T.,

in sealed ampule (Avicida) 2 yrs Nobrega 1950
Broth culture, 2-4 C.

in sealed amp. " 1 yr.
Broth culture, 37 C. " 1 yr.
Serurni 37 C. 4.5 h. Panisset 1925
Pestis
Pus on cover slip, 28-

30 C0, innoc. to bouill)n 4 d. Abel 1897
Pus and cult. on cover

glass, R.T. Still viable 6-9 d.
Pure undil. glycerine,

-150 C. Fully virulent 2 yrs &
14 mos. Slightly, 2 yr
& 7 mos. Dead 3 yrs. Francis 1932

Physiol. serum 5 hrs. Jacotot 1926
Bouillon cult., -31 C. 5j mos. Kasansky 1899

"-24 C. Still viable for 9, 32,
& 35 d. respectively
for Ist & 2nd subcult.
33d for 3rd subeult.

"-1.8 C. 6th to l1,tb subculture,
12 nos.

Bouillon cult., 1 yr &
9 mos. old Recov. 58.6%, 6j yrs. Lenskaja .1931

Bouillon, 48 & 24 hr. I
cult. 7 d. "

Sealed culture tube of
Hemmorek medium, 100 C.
dark. Living >4 yrs. Sehultz 1901

Bouillon loops, 50 C. Innoc. with original
culture which is 2 yrs
and 10 mos. old. 1 to
several days.

Twiks soln 2 h Tinker 1930



TkBLE.__ THTJ SURVIVAL Ct-' FAJT0jTTJ.'L;A SP10IES IN CULTURE

Factor(s) Survival Reference

SOLID

- TTi1e, 15 Co 3-t d. Abel 1897
" 8*10 0. 6 d..

Agar and relatine Cult. -

ia tin agarf vul'0ee sealed r is 9
for 9 yrs. . Viable at end of 9 yrs.' ,with-full virulence Francis 1932 9

Pla in ag,'ar,. 10' C. Subcult-
ured every,3 moe., ViAble but non-virulgnt

at end of 9 yrs.
Culture 5-10 (1, *i *'c.
into cork stopperu(.
bottle. 25 yrs. Francis 1949

Beef infusion afar,.i0 C
on surface without •
transfer Virulent 20 yrs. *FranCis .1943

Agar cult. in sun, 39 C. 2 3/4 hrs. Gladin 1898 . i
Apar plate in sun, 40-46 . 51 hra.
Agar cult., -1.8 C. lst suboult. still

viable 4 mos. , '- Kasansky 1899
- 31 C. 2nd and 3rd subcult.

GENERAL-5
P. pea tis

Ariicial cold, -22 C. 2 h. Gabritschewsky1899
Natural cold; 0 to -20 C 12-40 d.

Freeze anf( -" oily,
-20 C. Still alive 40 d. Gladin 1898

Stored 37 C. 1% survived 4 yxrs. Stamp 1947
Ice box culture lOyrs, 5 mos. Wilson 1913.

P. pleurisepticus
Thysiol. NaCl,,R. T., abs

dried over H S0 in vacu . Viable for months. Otten 1930
P. p seudotuberculosts I

Sealed and viable. Viable for a number of'-3
yrs. Merliii* 1938

P." secies
Shyiaol. NaCl, R.T., Abs

dried over HM S0 in vacu . Innoc. into blood or
derum, viable ores. Otteii 1930

P. tularensis
Eggs, freezinr. Recov. 1%, 3 moo. Deans, 1947
Fctors lpding to popi- Eigaelbaoh 1951

l)tioo chibnges. 1) Type It comp. of med., 2) ini-

size, 45Or , ,O :ore
factors present in old
'cult. filtratos

;4i

L



TABLE 45' THE SMKI'IA.L OF PROTOZOA ANJ) -META'OA IN CULTURE

Peator(a) Survival Reference

LIQUIDE. histolytima
SRingersr fluid 46 solid
rice starch, body temp. 3 wls. Dobell 1926

Dist. H%0,0 tap water,
Ringers, physiol. salin
R.T. 14 d. e

10-'20 C., R.T-. 3 d. "
Sterile dist. water, R.If 26 d. Dobell 1927
N/20 Hal, 'i.T. a 30 min
N/40LHCI; R.T. at least 1 h.
N/15 HClp R.T. as long .as 3 h.
N/20 HCI, 37 G. 1 h.Plasmodium aallinaceum ,
Susp. saline extract,

R°T. in washed chicked
rbc. Little loss ot infecti-

vitty 72 hrew Whitman 1948
Trypanasoma cruzi

N.N. medium, R.T. F6 yr. Packchaniaft1943
Trichomona vaginalis

R.T. 8 d. Mohr 1937
Bact. free in serum,
Ringers soln. over live

Sinfusion agar slants, 3 C. 4-6 d. T!ussell 3d7
Cysteine, peptone broth,
liver, maltoge, R.T. 13 d.

SOID
S. mansoni

Horse scrum 14-18 d. Ross 950
Serum ultra filtrate 10-12 d.100% Na. 5 d."

L. donovani

Blood agar, R.T. 4 mos. Packohanianl943TO acetic anum .

Blood agar, R.T. 4 mos-.
T. avium

Bl agar, R.T. 3 n1os.
T. duttoni

Blood agar, R.T. 4 mos. a
.T. lewisii

Blood agar, R.T. 4 mos.
T. malophagium

Blood agsr, R.T. 4 mos.
T. rotatorium

Blood agar, R.T. 4 mos.T. vaginalis a

Semi-dry state 6 hrs. Vazques-Calot
s:1de 1916

E. hiso~tc
Powde.red stirch, R.T. D, 0 d. Walker 1913



TABLE _ THE SURVIVAL OF rlHOTOZOA AND NET1AZ0A IN CULTUREL

Factor (s) Survival Reference

GENERAL, CONTo
T. vapinalis

3-5-0. 21 d. Fischer 1935
i.-15 Ko 2--3 wkso Florent 1948
Lactic acid °27 to 102

Mg%, ice box 3 d. Furushima 1936
Trypanosona egulperdium

-20 C. 3 1/4 hrs.. Do Jong 1922
-,145 Co 45 rin,.
-191 C, 31 d.

TryDanosona evanli
20 C.. 12 hrs,

-191 Co 9 main.
Ascaris lumbricoided

-6'to '-17 F. Inactive 20 d. Cram 1924
12 .18 F Active 30 d.
10.-18 F0  Few active 6 d.
-2 to -16 F. Fow active 6 d. "
-(• to -17 F, 40 c• "
60 C. 5 ain, Ohba 1923
70 0.. 10 cc."

€4



TABLE j./• THE SURVIVAL OF RICKETTSSIAE IN CULTURE

FaCto r(s) Survival RAference

"DRYING, LYOPHILIZED
H;, tsu't sVgamiishi ' ,,L

Soln 0,,2 M. sY,•crose plu Superior to skim milk
buffer salts medium Jackson 1951 -

LI4UID
Coxiel]a buirnoti (Dyor, n in1

mile and llenzerlir'ý str.,)
Silino ým:,P, y,)lk sac.60( ,, 30 min,, Ransom 1951

" "i ' 50 C. 15 min,
R. 'nooserib A prowazekiYolk sac naterial,,72 |

-, )05 glutamate9 pH clob
to 7., basal salt soln.,
high in X ions, .1 to 1

serum albumin. Survival favored by the e,.Bovarnickl950
Tissue culto, in serum
with Tyrodes, 37 ý -20C Several mos. Nig 1935

20 & -40C Week or two
R. nrowszeki

Sterile skim milk, 26-28C 24 ho, Anderson 194-J-
Broth, 26-28 C., 6 h. (Breine str.)
?0% normal yolk ssn,

26-n28 Co 50% morts•.tyi, 6 hrs.
(Borota epidemic Str.) "

STyrodes soln; 26-.28 C 6h;,
Tyr&des, G.P. sorutm,

26-28 C, 6 h.
56 C.- 30 nin Rivers 1948
Blood spec 2-11 C, 1 or more h.

"3? C f ',, hrs,
Dessicated, R.T. P.ew hrs.,
G.P blood, R.T. few hrs.
Carbon tat. or berizene, Viable l h. Schlote 1948

CS2., 25% NH3, ether,
cresal, 4ethylene C01-,
tetramine (7 min.

Physiol. saline with
tsp water Affects viability dele-

teriously. Topping, 1940
.R, species

Aqueous suspo 40 hrs,, Latarjet 1951
Chick embryo dil. 1/10
N. saline, 50 C.: 1 wk, NP&zln 1947

Chick bmbryo dil. with
Tyrodes & horse serum. Not viable after 20 d. "

Chick memb., -14 C-9 w th
carbon snow in presence
of' P205', sealed under ; 13 d-

R. rickettsi
'Pure ly'cerol, -10 C, 10 mos. Spencer lc.24

Rocky Ntn, Spottod 1nvr
Dessicated, R°T. few hrs. Rivers 1948
Guinea pig blood, R.T. I wk, ,

S . . . ... . •" ;-. - *- ". L " - • • , • . .'' , i



TABLE I T;TE SURVIVAL OF RICKETTSSIAE IN CULTURE

Fnctor(s) ,3urvival Reference

LIQUID
Rocky Mtn, Spotted PFivor

[G,, blood, cold room 2 wks,, Rlivurs 1948
G, P1 ,1ood, brain c

spleen, -7 C0 1 yr. "
Typhus

Broth, pH 7.69 Trace 48 hrs. Elford I
Fermented broth, pH 8,.10 Trace 96 hl" I
Saline, pH 6 85 Trace 48 h"
Serum It saline, jpH 7,,93 " 48 h.,

.Wnter, pH 6.95 " 2 ho "
Peptone water, p11 7.06 " 2 h,, - i
Tyrodes soln , pH 8,18 " 2 nI

GENERAL
R. burneti

-77 C. Long time Rivers I1q48
Infection spread hy wear,3
of air borne droplets. Commen. on

Resp.o Dis, 1946

R,. prowazeki 
1

Dry hea , 39 C.-4 1 E, schlote 1948Scrub typhu a
ScrO C. long time Rivers 1948

77 C., PH 5 8-8.8 4 mos. Elford 1944
1-0 or 0 C, 2-,3 days. t !

37 C, T-ace Ti8 h. it
23 C, " 2 h.,
0 Co 48 h.
o-I0 C. Present 8 d. "
-77 •. 8 d.

,4.



TABLE . / 7 THE SURVIVAL OF SALMONELLA SPECIES IN CULTURE

Fector(s) Survival Referenne

DRIED, GENERAL
S. Paratyphi

Dried. " Viable >2 h. Orskov 12.,5'
Nutrient gel with ascot-
bic acid. Dessic. 3 d. Recovo 55.7% 23 d. Stamp 194?7

NutrLent selntin ý: as-
corbic acid. Dried ovor
1f'.O,- at 100-300 mm Hg,.
Stored in vacuo, Ro'i o >4 yr- survival

S,," Species
Dried 4-5 yrs.

DRIED, LYOPTTILIZED :
S. choleraesuis

Broth culture 10 yrs. Schoening 1949

L IQ1U ID
S. choleraesieus

Glucose-peptone water 7 d, Oshil 1920
S. enteriditis 1912

NaCl solno 4L wks, Karaffa-Korbiiot
Sr, hiss 1i283 d. Lal .1925

Glucose peptone water 57 do Oshii 1920

Na0l soln. Recov. 0, tj• wks. Stadler 1899
SSo morbificans

NaCI soln. 3 wkso Keraffa-Korbutt
1912

NaCl soln, Recov. 0, 3 wkso Stadler 1899
So paratyphi A

Tryptic digest 3,259 d4  Lal 1925
Bouillon, 63 C. Viable 1-4 rin. Orskov 1925
Saline, 0.9%, 62 C, <5 min.
Lactose peptone water 3-5 d. Oshii 1920
NaCl soln, R.To, dried

in vaeuo Viable moso Otten 1930
S. paratyphi B..

Muttan, apar 3.259 d. Lal 1925
Bouillon 63 C. 4 rin Orskov 1925
Lactose-peptone wat,ýr 3-6 d. 0.:hii 1920
NaCl soln. R.To, dried

in vacuo Viable mos. Otten 1930
S. schottmulleri

Broth & water, frozen 17 d. Thomas 1925
S. species

Bouillon cult., in glass
.- capillaries Ž1 yr. Wesselinoffl949

•. typhimurium
Bouillon & beer wort,

exposed to U. 'o 10-15 m n. 1-15 seC. Gilles 1935

S SOLID -
S,. enteriditis

transmitted by rat fleas Eskey 1949

- - •



TABLE . THE SURVIVAkL OF SALMONELLA SPECILS IN CULTURE

Factor(s). Survival Reference

SOLID
S. enteriditiS

Blo.od gelatin ' . 649 d. Lal 1921
S. Paratyphi R. .

Sst of rye bread,, .T.o - Bachmann -.1.943
S.• tXphmurilu

Gelittn 98 d. Glass 1946

S. thleaeui

S. choleraesuis >657/d. Lal 1921

19562 d. Lal 1925
S. ga~llintirU

Storuie~ 37 C, 28MA% survo 4 yrso Stamp 1947
S. Paratyphl C

" d a50 d& Kister 1928
Stcred at 37 C. 14% survo 4 yrs. Stamp 1947

S, t phizmuriumStore a 37 C,, 18.4% survived 4 yre. Stamp 1947
So typhisuis

Stored at 37 C. 16.2% "

i 'I,

I-



TABLE L / MURVIVAL OF SALMONELLA TYPHOSA IN CULTURE

PF&tor(s) Survival Reference
DRIED, GENERAL

Dried tin thin layers 5-15 d. Osler 1901
"f 99 thick layers mOS.,

Vacuum dried, -195 ,. 4 d. Shattock" 1912
Air dried, dprk " L•d. d. '9

DRIED, LYOPHILIZED -Slandardiaed susp2., ,-192, C._ , 0*d.'.Tre
LIQUID " - C "°l0 Turner -

.85% taCI, freezing 6 d. B'.,Iten 1918
Bouillon culture, continu-ous freezing @ -20 to -16C,' SUrvived 4tn mos,. Brehme 1901
Wwtery. stbsp. of fresh cult. Innoc. 100. 95-99% re-
placed on petri dish in duct. in 10-15 min.
sunlight. 100% reduct. ji-4 hrs. Clark 1903
1% soap soln, 4-8 C. 12 h. Jolles 1895
"6% " 15 min.

" " 18 C 24 h.
6% " " " 30 min.5 " 1 lh."
3% " 2 h."

Bouillon susp0 , RoTo, FnIIon Petri dishes 2ý. h Kirstein 19,02
Tr ptic digest 3,838 d. Lal 1925-185 C°, liqu id air No imrprired vitality
S20 h.o MacF~yden 1899Broth erullioi, v-rith 1liquid I •T'' "- -"ty
air.• d. MacFayden 1900

Sealed tubes, liqlkid air. in a,s
Liquid H2, -252 C. 10 h,
Beef-peptone agar in sun I Ymtn. to I h. Minck 1896Bouillon, 63 C0  ViAble 1-2 min Orskov 1925.
Lactose peptone water 3-5 d. Oshii 1920
Thick suspo, R.Td, dried Innoc. to blood or seru

in vacuo over HS00. aegar 2-5% survived
24-4h h. Otten 1930

NaCI soln., R.T., dried in Innoc. to blood or serun
vacuo agar. Viable mos. Otten 1930-

Bouillon, neutral pH 82 d. Remy 1900
Peptonized beef bouillon
freezing, -1748 C. Recov. 1/45, 2 h. Smith 1905

""-190 C. in liqui
air. Recov. 2/60, 2 h.

Peptonized beef bouillon,
frozen 99.5% killed 2 h.

-17.8 Co .59 recov. 2 h. "
Huntoon broth, frozen 13 d. Thomas 1925
Susp° in agglut, immune

serum No effect on surv. time Tinti 1923
Iulsion 24 hr. bouillon 2-8 hrs. (6X so much

cult. in salt soln. heated needed to kill spores.
at 80 a. for 10 min. WeinzZrl 1914

Liquid sir in glass Reaov 25,I 2 h. White 1901

S .. ... • ..... '' "- .... • " '•" *: .... t•" 4 i' -°i -. ' - -- ''••.. •: " "I



TABLE 0-iTHE SURVIVAL OF SALMONELLA TYPHOSA IN CULTURE

FRotor(s) Survival Rnference

SOLID
Crust of rye bread, R.T. 4 mos. Buchanan 1943
Agar f'ull radiation Hg arc
under glass, wator dooled. 10 m'IrVt 10 cm. Bazzoni 1914

Agar Rk gelatin plates h (July, March, Aug. Dieudonne 1'894" " "• ~h (NQv) T
4 h (Winter)

Salt media 91 D. Frank 1941
Nutrient rel tubes, 22 0. No change in 8 d. Rmnsome 1901
Action of H ions on micro-o g. is very repid ; is

increased by raise in temp By changing the temp.
from 20 to 45 Co the pH at which typhoid bacilli ar
killed shifts from 4.2 to 5.1. Sierakowskil924"

Gelatin,. 20 C.-, 199 4ld

added to phenolphthalein > 8 mos. Worth 1919

GENERAL
Artificial media > 5 wks. Houston 1912

-7929 d. Lal 1921
113 Co living L1l 1923
120 C. Dead
R.T., Dark 2,906 d.
60 c. 10 min Osler 1901
-50 C. 18 wks.
-2 to -7 C0  22wks. Park 1924
45 co Dried ftar 46th ahange SpSencer 1942
Storage at R*T. 50% strs. ,, yrs. Stamp 1947

"if 5.6 "
"i " 18.8% " " "1

" "1o3% " " "

"if U 16.7 " " "

Sunlight has no appreciable inhibiting effect Stimson -

Ice cream, -19 C. 1 yr. Tanner 1928
Excess lime, pH 9-9.5 540 min. Wattl4e 1943

" 9.5-10 > 540 min.
" " " 10-10.5 > 540 min.
"" " 10-5-11 240 min.
"" f 11-11.5 120 mln.

S+.U q ,".



TABLE THE SURVIVAL. d4V.&RATIA SPECIES IN CULTURE

Factor(s) Survival Reference

DRIED, GENERAL

Dred &-5 yrs. Proom 1949
DRIED,, 7 OPILIZBD

S. marcescens
Stored at R.T., dark. Survivals 100%. Viabili y

lost when stored in a r.Neylor 1946
S. rubidaeum

Frozen at -24 C. 82.2% killed in 1st
LIQUID freezing Stille 1943

S. marcescens
Standard nutrient broth,

R.To 29-21 yrs. Deacon 1932
Bouillon suSpo, R.T. 24 h. Kirstein 1902
Broth, -13 to -15 C. Recov. o1%, 8-9 wks. Tanner 1928
Salt soln. " 11 .1%, 12-16 wks.
Broth, before centrifug. 100% survival Winslow 1t927

aftr W 44% i
" 1 hr. lnter 37% " *SOLID

S. parcescens
Agar & gelatin plates,
March, July, Aug. i• h. Dieudonne 1894,

GENERAL
-10 to 1 C. (S. msrcescens) 51 d. Hilliard '1918
S. marcescens

658 d. Lal 1921
Stored at 37 C. 16% recov., 4 yrs. Stamp 1947

. )



TABLE THE SURVIVAL OF SHIGELLA SPECIES IN CULTURE

Factor(s) Survival Reference

DRIED GENERAL

Dried 4-5 yrs. Proom 1949
Dossicated' 20-25;d. Vaillard 19G3

LIQUID
S. dysenteriae

Bouillon 920 d. Lal 1921
Mutton, agar slope 1,562 d. Lal 1925
Thick susp., dried in Innoc. to blood or seriu

vacuo over H.,O4, R.T. a ar. Recov. .05-.005%
2 -48 h. Otten 1930

NaC1 soln. R.T., dried In Innoc. bloch or serum
vacuo agar. Viable mos.

Saline, -78 Co, ,freeze i
C0%. 25% Proom 1949

Broth, -78 C. 96.5%
Broth, R .T. 32.2%
Spline, -78 C. 42.3%

S. paradysenteriae (Flexner)
Bouillon > 1,044 Lal 1921
Mutton, ngar slope t,562 d. Lal 1925

S. paradysenteriae (His Y)
Mutton, ogar slope 1,562 d. Lal 1925

S. pseudodysentery
Physiol saline, R.T. - Otten 1930

S. Spp0
Alcohol, other, chloro-

form, 37 0. few hrs. Vaillard 1903

SOLID
S. dysenteriae

Crust of rye bread, R.T.
placed on Dripalski med V able 20 d. Bachmann 1943
Crust of rye bread, R.T. 66 d.
Solid saubstance (Y type) 5 d. fashiro 1932

S. Paradyoerteriae (Flexner
Crust of rye bred, R.T.
pieced on DrigaIski med Viablo 23 d. Bachmann 1943

Crust of rye bread, -5 t
-25 C, Viable 45 d.

S, sonnei
Crust of rye broad, R.T. Ovcrgrown with spores o"

bacillus

GENERAL
S. dUsenteriao

48 hr. cult., 37 C. 13 d. Bamberger 1936
"" 22 C. 15 d. "
""1 10 C. 24 B.

72 h. cult. 37 C. 13 d.
"22 C. 16 d. "
"10 C. 24 d. "

Bouillon, strong sun <30 min



TABLE J .- •THE SURVIVAL OF SHIGELLA SPECIES IN CULTURE

ac tot( s) Survival Reference

GENERAL, CONT.
S. dysenterlae

10 d. Kister .1928
Dark, R.T. 920 d. Lal 1925
Stored 37 C. 4.5% survived 4 yrs. Stamp 1947
Excess lime pH 9.5-10 300 min vattlo 1943

"P H 10-10,.5 )_300 min.
" 0 10o5-11 180 min.
" " 11-11.5 75 min.

S, equwli
Cut., R.To, pH 7.4,
Stca ed in dark. 3-4 mOo- McCollum 1951

•S. ambigua (Schmitz)
Cult. in bouillon, stron,
sunlight < 40 min. Bamiberger 1936

S. kruse •.3 ,h cult., 37 C. 12 d. Banberger 1936
"1 22 C 15 d. of

" o 12 C. 24 D.
72 h. cult., 37 C0  13 d. II
" " 22 C0 15 d. of
"o " 12 C. 24 d. "

Mauillon, strong sun <30 min.
S.' paradysenteriae(Fleaxner)

nouillon, strong sun. (60 min.
R.T., dark 1,049 d. Lay 1925

i €•.'



TABLE 0 2 / THtE SURVIVAL OF STAPHYLOCOCCUS SPECIES IN CULTURE

Factor(s) Survival Reference

GENERAL
S. albus

Stock lab cult, sealeod,
R.To 11-12 yrs. Ahuja 1935

523 d. Lal 1921
Material obtained finam sputum, antrumn, nose, skinHall 1921;
throat, urine, uterus 1c put in broth & adjusted
with HCI and NaOH. Of- 12 strains used 7 viable
at pH 2.6; 4 at p11 5.0; . at pl1 8; 8 at pH 10
for 24 h.

S. aureus
521 do (Bombay stro) Lai 1991

"()92 d.
Darkp, RoTo e57 d.. Lal 1925
Matl,, o'btgined from boll, 11 strs. viable at pH

abseess, sycosis, spina 2.6; 6 at pH 8; 13 at
fluid, in broth° pH 10 in 214 h. Hall 1921

So citreus
523 d. Lal 1921

S. spp,,

Dessication 30 yrs., Fpsqm elle 1950
60-100 C.,, in broth 'k-
dist. water, dried on
nollodion cell membrane separated Ruska 1941 '

Very resistant to drying Rhodes 1950

MICROCOCCUS SPECIES

GENERAL
Me gelitensis

523 d,. Lal 1921
M. neoformans

• 523 dý
M. pyogenes

Sensitive to o-5% NaCl Zc.g 1920
SOLID

M. aurococcus
Agar covered with sterile

10% cane sugar soln, .
holding at 10 C, 8 mos. Keith 1913

M, candicans
Nutrient gel, 22 C. No rhaigo, 8 do R~asome 1901

M. catarrhalis
2 0 C. 3 mos. Worth 1919

. .



TABLE -THE SUINVIVAL 01' STAPIF5YLOCOCCUS SPECIES IN CULTURE

" Fact•or(,s urvival Reference

DRIED, GENERAL
S" al/Z•aLIs

Dry ice &, ether wks,3 Paul 1907
Liqp id air 1.25 d,,

.,Dried on small stones
in vacuo at low tempo Rocov,, 40%

Vacuum dried, 195 C 16 22 d, Shattock 1912
Air dried 16-22 d.

Dried on garnr(ita, RoT~, Innoc. 90,000, Recovo
300, 32 d.. Paul 1909

" " ice box Innoc.. M,,800, Rlecov.•

55o, 32 d,
" terp. of Liqi id

air Innoc. 65,990, Recov,
67,900 ,32 d.

Dried 4-5 yrs. Proom 1949

LIQUIID

S. albus
- aC1, 1.25'2 C. 50 h,, Kadisch 1931
nu o ;1 ,u s

R.1t, 7-0-35%,. COz 5.4% 70% destruct , >8 d, Arai 1931
High pressure, RoTý,

3000 atmosphfe. 4W., mm1 Basset 1932
Broth 1' d. Bellolli 19CB
Pus culture, R "!jT n
glazs tubes 2 - rs, Belin 1933

Doxtrose. bou:illon ctlt
freezing1 48 hb , vLcA1iurP
dessicated, 5)4 d,, Hammer 1911

1o0illon susp., R.T,,,
in cellark, fine drops 35 d. Kirstein 1902

Pure culture 28 d,,
Liquid air, I A 5 C. No irinaircd vitlity

20 h. MacFsyden 1899-
LiqUid air 6 mo,3. 1900-
Liquid Hq,, -252 Co In h,
Physiol, NaCI soln I R.T
Dried in vac or
H SO, Viable for mos. Otten 1930

Soaum•• 37 C, Up to 11 d. Panisset 192,5
Met. violet Recovo 0, 1 min,, Philibert 1926
Sl1ine, -78 C, Froeie

in CO, ice. 100% Proom 1949
Proth, froeze in COL, 1001"It

S I37 C. .. Vinbl s _ro Rhodes I220

( Nutrienft Apar bloow 100 No' '."Cowth lLaines 1934



TABLE VI SUP~~3RVIVAL. OF 3,T)IT.PTCCOCC13 SPECIES II11 CV'LTIUR'I

F~ic tor (s) Survival Rnference

DRIED9, G~ENERAL

Dried S Lal 1948
Dried 4-5 I's. 1rooni 1949
Dried PZ.3_ ofi ori.ýinal ('7 d. Stark 1931

DRIED, LYOPHILIZED-
S.he-molyt1.c.mus

D i --d 2 h $1, mros. Swift 1921
F~ro zen anti drf.od ____ Triry yra.13 Swift 1937

S. llemolytious I

Bacteria Indifforont to )srotic pressure. Bij-
velorit A. univrs1eit ia1.t3 antL gnizt*. cach otherx
tit c(ortal it ldx nis

SUiisp. in broth or ,jal.iva
in dry air. MTr~hly suot~pt... to tri~-

o"t'tylenn -liy(,ol vz4por
ofhn h, dcissicat., Robertson lc,5l.

Ve~iJ. i~nfNsini hrotii, '?C t 141Plt; 60 ri. (olphia) 3urgol
if It37 '~At lonst 30 d,.

EPFF tonie, 50~ 31 ht Belinf 1933
Alanine 1/20 5 1

OlyOchol 1/10()35
leuc [no 1/100r 13,~5 h.
Fhiysiol NaCl, R' eb-

solute dryinij In vp~ijo. n~~o n~rtbs Ottan 1930
s3praj'-d Cultutre All. orfUPnJ.-m8 settled

it, 48 hirs, Phelps 1939
S~nsi~i~zed withi riti/
violet 1,c~ov. (), 30 min.i Philibart 1926

B~rain ti~squ, ilYceev..l 5)% '>303 d R 11o ads 19
5,, salivarlus

0:ýnn 6 PPLL ______ 2 killfed Elford 1942
GENERAL

MOSO watts 1941
RH 0 .3 y I's

RH 75% 8 wks. 1945
RH 55% 26 wks,
fliT 25 156 wks.
RH 10ý 156 wks.i

S. aiireiý
Storer t 3,l(% - ~ Starip 1947

(S, fns1 I S
31.orli lnl'\, cult., 33a
test tule,~ il.To 1 1 P y r'3 Ahu ja 1935

J, 1emolytIciis
CapiiTary to.17 to -].0, -wk s, Citovicz 192-8



TABF.L THL, StMVIVAIJ OF STM-~PTOCCCCUS SPECIES III CTJL.VUR1;,

Factor(s) Survival IIei'oz'nce

GENERAL, 'I0NT.
Sohrolyticus

4~~U. Can stan,1 rji:.ierous trans-
s. l~cta 1ezs Spencer 194.2

youiz-eJlss 1 C. Inica. 28,00000Ou, He-
Ity 20a00 62 (1. Shoran620019 1942

Ilature ceJ.1t, I C. Inoc. 3S0tO00,000, Re-

-H790% rapidlyr 4illed 41ford 1945
Death rate of S. app. dc..raasod in cortain carlbo-
hydratos w-e usotd sn rgesvl
dust, water, xylose, salino, tryptopharies sali-
('lfl, --1uoosa I sucrose the 1' debth rate decreased
Prom 96.8 to 5.0l dessleatd comparod with 81.6 to
P8.0 for thle awrie fluid controls. Haller 1941

Varies in ruslistnnae to ioethylone blue Louros 1923
60-100 C., 4-24 he broth
or allar' cu~lt. Plaswroly~s Rusk& 1941



TABLE : THE SUIVIVAL OF TREPONEMA SPECIES IN CULTURE

Factor(s) Survival Reference

DRIED, GNhL
T. pal. idum

7- 2 hrso Besseman 1930• • C .1 hr . "f

Diýied 1-2 d. Landsteinerl906
Dried in vacuo, RoTo No movement, 4 d. Zurhelle 1927
Under ppraffin, liquid,

R.T. Novemients 3 d, 17 hr.
Under paraffin, ice box Movements 5-7 d.
Dried in vacuo, R.To No movement 68 h. -4 d.
Dried in Petri dish, l.0 St il viable 65 hrs.

DMIED, LYOPTTILIZED
T. pallidum

7 mo. cult., dried from
frozen state. Stored 8 00 168 hrs, Hampp 1947

Rsbbit testes in infiisi.n
broth, -7P e. 3 yrs. Turner 1939

-10 Cý 2 mos. Turner 1938
-20 0. 2 mos"
-78 C. 1 yr.
°*7*q C. yr.

T._ertenue
-Ra",b-n testes in infujsln
broth, -78 C. 3 yrs. Turner 1939

-78 C0 . 1 yr. "_ _

LIQUID t
To hisp anicun

Blood of G.Po, 14-20 C. 29 simnples; 25 virulent
2.33 d. Sergent 1938

. " 0 C, 6 samplos; 0 virulent
33-60 d,

"0 C. 20 snmples; 18 virulent
2d".7wks.

.10 01 1 ci.
Chorioallantoic ircmbo of

150 ho chick embryos. '<4 h. Sterzi 1039
T. pallidum

SlJinu susp. 45 c. hilled 7--10 min, Bronfenbrenner
1913

10% rabbit serum, -'10 0. )15 d. Hindle 1c34
- inactive dog serum,
• physiol salt soln.,
20 .4K3.65 abs. 4 hý Johnel .1938

Above at 17 abs. 2
Serum exudate from chanc re

R. T2o 121 d. Lacy 1.921
S~line susp.. rabbit
testes, RMT, 58 d0

Brewers fluid, thioglycol-
late below 37 C. incubo
with rabbit testes Improved airvival Nelson Ilj.8

Expos., to--.%?Cq_ with iso-
tonic 904 buffer, pH 7.0 Prolonged survival

"ii .6t A• , . • '



TABLE ( 3THE 3URVIVAL OF TREPONEMA SPECIES IN CULTURE

Fpctor(s) Survival Reference

LIQUID, CONT.
T. pallidum

Isopropylidene with TPS
factor, 1,47-148 C. Prolonged survival Rice 1951

Rabbit plasma, 5 C0 6 d. Selbie 1943"-
Chorioellantoic membo of
150 h. chick embrypfe." < 4 h. Sterzi 1939

Physlol NaCI & humah' .

serum under vaseline', R.T Notionlessj 5 d. Zurhelle 1927SOLID ••
T. spp.

Deep tubes of agar anaerobically under paraffin
oil at R.To and 37 C. i dark was not satis-
factory. Rosebury 1950

GENERAL
T.-pa llidun

Culture, .39 C. 5 h. Boak 1933" 40 0. 3 h.
" 14.1 C, 2 h. oW
"41.5"Co 1 h. 1 b

-16 C. 3 mos. Kissmeyer 1928
2 C. Some days I
Cult. between 0 'k 5 C. >10. h. Krantz 1923
10 C Lost power of producing

lesion, 3 h. Landsteinerl906
Ice chest 214 h. "
48 C. 30 min o I
37 & 0 C. 4 h. Miyao 1930Syphilitic matl., 10 C, 3 h, Neisser 1911

" ice chest 24 ho
" 48 C. 30 min.

Crystalline bovine alb.,
Na ,pyruvate, inorgo P04
buffer, glutathione,
cysteine, vitamins k
NaHCO J, 30 C., under 5%
600-94% N- 8-10 d. Nelson 1948'

Culture of rabbit testes 10 d. Perry 1948
Stored in solid C0• ' -20 mos. Rosebury 1950
CIlick embryos, 35 C. >8 d. Wile 1941
Aerobic, demp rchnmhnrs,

R.T . Cd. Zurhelle 1927"I "i 37 o 8 h.
" t I ice box. Still viable 3 d,, 17 h "

T, pertenue60 e. 15 min. Marchbtx 1938

37 C. 2 h. Miyao 1.930
0 C, <15 min,

T. spp.
TeMp ranging from that
of liquid Otto thatof
liquid He Survived Luyet 1938



TABLE Q Z Y THE SURVIVAL OF VIBRIQ,•PECIES IN CULTURE

4 '1
) Factor(s) Survival Reference

DRIED, GENERAL
V. comma

Peptone, water ciilt. dri d
in vacuo over I'O. 4R.T"
Sealed rlass tie 4 yrS Cmpbell-Rentonr*

(Schillong 653) Orig. count, 9 X 10.' 1942
After 4 yrs., 240 .

(Rangoon R) Orig. count, 6 x 10
After 4 yrs., 50

(Schillong 1077) Orig. cqunt, 9 X 10'
After 4.yrs., 50

(Schillong 610 R) Orig. cbunt, 125 X 10
After 4 yrs., 0

Dried 4-5 yrs. Proom 1949
V, foetus

Dried 3-4 yrs.
LIQUID

V. armas
Sterile sat, soln. NaC1 .

in water e1 d. Ar uelles 1927
Fish extracts sterile 125 d.

*Botillon cult. with 57 d. Brehme 1901
Cont. freeze -10 to -16C
"Boiuillon, -8 to -18 C. Perished in 5 d.
Peptone, water dult., R.I.
Dried in Qacuo, sealed
tubes over P O 4 yrs. Campbell-Renton

1942
0.3 g. NaCl 8 10 cc agar

38 C. (El tor) Normal & invol. forms. Eisler 1909
38 C., .3 gm NaCl Invol. A normal forms. *
0.3cm NaCl & 0.05 gm A.:

Ca(NOj )' Normal forms. *
0.3 g•is NaCl & 0.1 g.
Cu(NO )•o Involo 5 Normal forms.

Meat incus ion )..-5 wks. Hesse 1889
Ham broth 4-5 wks. "
Bouillon susp. R.T., 10 h. Kirstein 1902
Bouillon ciilto,1.06 D. oll.
dried in air 2 d KitasatO 1889
dried in exicator 3 d.

Bouillon cult., 15 d. ol . ,
dried in air 3 d.
dried in exicator 3 d.

Bouillon cult., 1 d. old
dried in air 30 h. "
dried in exicator 40 h.

Bouillon cult-, 40 h. ol .
dried in air 40 h. "
dried in exicator 40 h,



TABLE ? Qj THE SURVIVAL OF VIBRIO SPECIES IN CULTURE

Factor(s) Survival Reference

LIQUID
V. cormmsa

- > 894 d. Lal 1921
- (Bombay-str°) 7657 d. "
- (Lister str.1) •658 d.
Liquid air, -185 C. No impaired viability

20 h. MacFsyden 1899
Peptone broth, liquid
air, -252 C, No Impaired vitality 101 1900

Broth emulsion with un-
stero milk, liquid aid. No " 7 d.

Liquiid H2, -252 C. 10 h.
Thick susp. P.To, dried 1 out of 100,000 survivý

in vacuo over TTSOv ?I--ji h, nft(r irinocý
Into hlood or serum. Otten 1930

Physiol., NACI. RoT 0 , is. Innoc, blood or agar
drying in vinlmo dult., Vinble mos. "

S1Iine Proorr iC49
Bro th ý7%
Broth, RoT. 5%
Spline, -78 C. 4°7%
1/5,O00 poptone wiLh
salt 3 dý Read 1939

Ster.,A silt$ vitmr, Ice
"0.5-7.0 C 6-7 d. Ronk 1893""u I Innoc 1,4 5 3,000/cco R4-

co,.,, 62,41j5/cc after
24 b. i

B.,ef bouillon in cotton

stoppered tost tube. Viabloe Ir path. 5 wks. Skidmore 1932
30% st, NsCl 24 ho Tohyama 1925
1 k 5% soln, 5th class
table splt ), d

Peptone weter II d.
Bouillon 26 d. "
NaCI 20 c 25%,-70 C., 24 h. Tohyar.a V3 0
Peptone wnter, -6o C, Innoco 11O, 0,'V/cc, Re-

('OV 0,1. Mo.
Bouillon, --60 C. Innoc. )l0,000/cc, Ro-

CO~Io 0, 40 (d"
ito 25% saline Survived I d.
20% NaCI, -70 C. Innoc. 390,000/cc, Re-

cov. 0, 211 h. Tohyama 1930
Physiolo NaC1, -.70 C. )JA b, "
Peptone wnter, pH 7°9 >108 d. "
Rmuillon, pH 7.9 2I08 d.
Peptone, 5-6.5 C 1 d. 'WeiSS 1894Bouillon. P2..-P5 c is r"k 16 (1

SOLID .

V. comma
T0-c,, aga.r, 38 C.,

0o46 ýzm. NaC]. Many invol. forms. Lisler 1909



TABLE ý ,THE SURVIVAL OP VIBRIO SPECIES IN CULTURE

P Factor(s) Survival Reference

SOLID, CONT.
V. comma

10 cc. agar, 38 C°, plus
•46 gm. NaCi 1 .05 Ca(N ), Dispersed invol. form,.Eisler 1909
.4 -1m. NaCI ýc . I Gm.
* Ca(N0J3. Norm al

0.I 1an. LiCi Many invol. forms.
0.1 g. LiCl Pc .05 g.

Ca(NVO Miny normal, some invol "
.05 Fr NKr,.NOI Invol. & normal
.05 ,o Np(NWOa k 1g. NaOl Many normal, few invol. "
Thiolo 26 c.OIH 6.8 At least 150 d., Max.'*

growth 4 d. Huddleson 1949
Beef peptone gelatine cu t.
-12.5 C0, indoors Lived 2 wks. after. Kasanky 1895
-31o8 Co, outdoors Lived 20 d.
-30 to -31.8 CO Viable 114 d.
Gelatine cult., 102 doll.
Dried in air 2 d. Kitassto 1889

"30 h.
Dried in exicator 5 d.

"W� 40 h. o
Gelatine cult. 12 d. old,
dried in air 3 d.
dried in exlcator 3 d.

Gelatine cult. 4 d. old.
dried in air 4 d.
dried in exicator 5 d.

Agar cult. 20-22 C., 14
mos. old, 10 d. in in-
cubator. Dried in air 4 d.

"Dried in exiesto 7 d.
Agar cult. 20-22 C. 50 d
old, 12 d. in incub.
dried in dtr 4 d. "
dried in exioator 11 d.

Agar cult. 20-22 C., 9 d
old., 1 d. in incub.
dried in air 4 d. "
dried in exicator 9 d.

Agar culto 20-22 Co, I d
old., 2. d. in incubo
dried in air 3 d. "
dried in exicator 11 d.

Potato cult, 17 d. old.
8 d. in incubl
air dried 2 d. "
dried in exicator 5 d.

Potato cult. 8 d. old,
8 d. in incub3

S•air dried 1j d.
dried in exicator 5 d.



TABLE JLt.1THE SUR{IhVAL OF' VIBRIO`.iPDC1ES -IN, MULURE

"" Factor(s) Survival Reference

SOLID# CONT
. V.. comma

elatine 'agar, liquid
air, -l.90 C. No impaired vitality 7d MacFayden 1900

, Aver slant LL2 d. Tohyama . 1925
GENERAL

"V., comma
Stock lab, cult., R.T., Failed to show growth

sealed .after 12-18 yrs. Ahuja 1935
-40 F. 425 d.. Cole 1951
45 F., thawed and held Lasting immunity when

61-105 d. used with hog cholera
antisera

-5.5to -8 C. RecovAO, 10 d. Finkelburg 1901
- (Bombay str.) >5274 d. Lal 1921 i
- (Hog cholera) 7657 d.

20 C. exposed tojolar- Innoc. 1/100,000 diln. 192
ized light Recov. 121, 13, hrs. 1926

24 C., hxp. to unpolar. Innoc 1/100,00 diln.,'s
light Recov. 17, 30 h.

105 C. Living Lal 1923
110 C. Dead
Dark, R.T. 1,044 d.-21 C. 1 too. Ra schewskil901

-15 C 0 *>I oo. ,.1
37 C. dead at 2 yrs. Rhodes 1950
Stored at 37 C. 0% survive after 4 yrs. Stamp 1947
Lives rope than 1 tno, when lowest temp. is -32.5 C.

and repeated freezing k thswing has not infludne2
on vitdlity. Wuknow 1893

9



TABLE Qf THE SURVIVAL OF VIRUSES IN CULTURE

! Factor(s) Survival Reference

DRIED, GENERAL
Allantoid

Drire=& ppt. at 4$ ,. 6 mo . Fasquelle 1950
ApDht eus e

Dried Ic left at 3? 0. 2 yrs.
Herpes febrilis

Ice box dried in vacuum
over I• S0 with reduced
press.,-5 C., Rpcov. in
Lockes s-ln. I yr. Hawkins I3•Horpetique

Dried-& loft At 37 C. 2 mo. Rasquelle 1950
Hoof & Youth

Dried with 0.5 v. P0, at Sichert-Modro,,v
70 C. in vacuo 2- h'-s. l930

Lymph, 122 C., dried witli
0.5 g P 0 in vscuo. 3 min.

Dried lymp' of G.P., 52 G.
in atm. of P 0S. Still infectious, III h. "

""OR.T. 10 d.
Influen7,a (Meliniirne str.)

Dried talc 30 Tlin. Parker 1944
Polio,(Aycock str.)

Heat 30 min. nt 50 :. Remained infective Shaughnessy1930
smal I po"i 52.5 C. Non-infective I

"37 "., dried 80 d. Hornibrook 1951
4-6 0., dried 214 h.

Toba co mosaic
Dessicated many yrs. Stalanan 1942

Vaccinia (testicuelpr str.)
Dried, 4 00 12-18 mos. lioguohi I18
Dried P29 d. Paschen 1908

DRIED, LYOPHILIZEDFoot & mouth
Dried in vacun • refric- 93 d. Lepine 1937

He rpe s0.; fresh brain enuls.

wtth Lockes soln. 4 wks. Rivers 1927
Influenza

Lyophilized Infect. for ferret 14 m s.Horsfall 3*0O
Infusion broth, rabbit
testis, -78 %. 3 yrs. Turner -1939

Mowse'lung, 10% plain
broth, -73 C. 6 mos. Turn)r 1938

Laryngotrecheitis (fowl)
ZLyophil. V stored 11 G. 3 yr's. llo;'fstedt 1946

L yi ,hoprsnulorp i namirinle
Infusion broth, ro*Iitn
testes, -78 C, 10 . Turner 1939S~Lynboytio nboirtorrnlrngit .ý

Frozen, drio, 5 37 Wooley 1939



TABLE 5THE SURVIVAL OF VIRUSES IN OtTURE

Factor(s) Survival Reference

DRIED, LYOPHILIZED (cont'd)
Neniosopneumonitis

Infusion broth, rabbit
testes, -780 3 yrs. Turner 1939

St. Louis encephalitis
Frozen, drled, 50 833 d. Wooley 1939

Vaccinia
Frozen, dried Mos.
Lookes soln., -185c
Frozen & thawed 22X No reaction, rabbit akin Rivers 1927

Lyophil apparatus appeears o be useful also in
maintaining the viabilit of virus strains withoub
continuous animal passag . (i0 moo•t Flosdorf 1935

LIQUID
Coxsackie

Susp., 53-55C 30 min. Robinson 1950
" pH 2.3-9.4 1 d.

"PpH4.8 7 dd. "
Enteritis

PO buffer, pH 7 <20 d. Gallo 1548
I/I,000 dil. Killed 70a of mice it

1/10,000 dil. 25% " "If

1/100,000 dii. None killed "
Ejuine encephalitis

* Acidic saline with agi-
tation, bubbling,
ases P shaking, pH
•4 Rapidly inactivated McLimans 1947

Foot & mouth A
GP blood 37C, cltrated 4.9 d. Brooksby 1948

"If defibrin-
ate 2.1 d. If it

M/45 buff. PO soln., OC Inoc. dil. 1/100,000
pH 7.6, purified Recov. dii. 1100, 97 d. Galloway 1936
pH 7.6, unpurified Inoo. dil. 1/100,000

Racoer dll. 1/I,000,

126 d. If
Saline, 37C 24 hrs. Leeine 1937
50% nlycerine 174 d.
GP lymph., pH 7.5 in Still infectious, 2 yrs.

POC buffer. 20 d. Sichert-Modrow
1930

Anmnonia brine, repeated Did not destroy, 124 d. Stockman 1926
freezing

Fresh GP lymph, 2-70 Retained virulence 190 d " "

2',-susp. of infected
rabbit brain in buff.
physiol. saline 37C 100 hrs. Boak MO40

"it " " 41.50 70-10 hrs. (Frank str.) n If
I If "I" f 30 hra. (Go str .) Ifi

Fresh normal rabbit

serum with UV radiatio 10 min. Gundersen 1932
Tissue nult., )1.0.20 Did riot survive Thompson 1942



TABLE g I THE SURVIVAL OF VI11USES IN CULTURE

PFactoi(s) Survival Reference

LIQUIDo, (0O11T.)
Influenza

Single heat, chorio-
allantoic fluid, (PR
unadapted) 60 C. 45 ±in. Jones 1945

Single heat, chorio-
allantoic fluid, (PR 8
Heat adapted) 60 a. in.

""56C. •1•to o60 min. "n
Mouse brain susp. with
rabbit serumn, -20 to -30
(A & D) c6 mos. Olitsky IC•415

Saline k horse serum
"o" tH 3.05 1 h. Stock l•,ijO
"to " 11.01. 1-20 1 ,,. "to
" to" " i 1.99 1i.s h. "
"of t to .35 48 h.
" " to to .98 72 'h"

"if " "f /.98c 72 h.
"to t "t 7.0 72 h.
"11 It " f f . 1 h. it
"f It "t 7 7.5
with .001 T;. ulaic acid, 90 nii. o50,1 glycerine J-4 wks. Wilson 1919

JsrLarese . ncehalialitis
M4ouse braih susp. with
rabbit aurum, -20 to -30 . 6 inos. Olitsky 1949Lymphogranuluma jniirp• l

Aqueous suap. lO hrs. Latarjet 1951
measles
56ycerine 3,,nos. VanRofietn 1940

Tue brain susp. with
rahbit serum, -20 to
-30 C. < 6 tios. Olitsky 1949

4 C., pI 6.5-7 Most stable Weil 1948
Chorio-all nntoic fluld,

4 C., pH above 7.9 Rapidly killed "
Chorio-allnntoic fluid,
h. C., pH 5.8-8 99% inset., 4 wks.

Penicillin & streptomycin lo iriact. effect 14-28 .
Chorio-allantoic fluid,
37.5 C. Greatest & rnost rapid

Increase, 7 d.Myxoma
Tissue cult., 412.2 C. Did not survive Thompson 1942

Neurtropic
Touse brain susp. with
rabbit serwn, -20 to -30C 9 moo. Olitsky 1.949

* Newcastle
.4 rccorine, R.T ,PI Y. 95 d. 7.iur 1950" c, " 353 d. Prier 1950



TABLE THE SURVIVAL OF VIRUSES IN CULTURE

Factor(s) Survival Reference

LIQUID, (CONT.)
Noguohi Str. (Vaccinia)

Tissue cult., 45.1 C. (4 d. Thompson 1cj42
Poliomyelitis

Glyoerol 6 yrs. Plexner 1917
Spinal cord in 50% gly-. acerol, 4 C. #25 mos. 1914
Glycerol (M.A. str.) V11 mos. "
0.5% phenol 714 d.
Filtered, 37 C. 20 d. " 1910
-P to -11. C. )1.0 d.4c. 5d.
45-50 0. Killed after 30 min.50% glycerol m7 d.

"-15 P. 2 yrs. "
Aqueous susp. 10 d. LatarJet 1951
Physiol. saline, 415-60 C. Becomes invictivated. Tie

30 min. more dil. the susp. the
less heat is req. to
ina ctivate.

50% Glycerol 8 •rs. Rhoads 1929
100 5 glycerol, 18 C.
lst passage. Viable 59 d. Romer 1910

50% glycerol, 3rd pass. 14-31 d.
50% glycerine Some nos. Wilson 1919

Psittacosis
Beef saline 29 d. Rivers 1948

Rabies
Brain susp. in glycerine

in disintegrator 1 h. 47 d. Barrat 1904
Susp. 'rain, liquid air Still virulent 21j. h. "
Buffer soln., glycerol 15-17 wks. Grycz I%49
Aqueous susp. 1.O hlrs. Latarjet 1951
Undil. rneutral glycerol,

R.T. Several wks. Rivors 1948
Liquid air, -185 C. 3 mos. P'cFayden 1900
Neutral glycerol, r•prie. Se',eral mos. Rivers 1948
Aqueous susp., 54-5 6 e. 1 'h. or less ,,

" sub-freezing. 1 or more yrs.
Streptobarnihus virus

Bouillon, 100 C., i.8 h.
cult., 1-100 dil.
(Str. # 1776) No growth Bingel 1947

Vaccinia
Glycerine susp. (28628, 33 d. & 6 hrs. after
rabbit testicular) 61st transfer Arnstrong 1929

Chorio-allantoic rnemb. 8 hrs. 3uchbinder 1941
Glycerine, mouse brain, noc. .05 cc of 1:100
water dil., Recov. after 24t.l-

passage, 10 mos. Haagen 1039S~Glycerine, mou~se brain,
water, freeze-6ry temp. 1 yr. 9 mos..

Glycerine, nouse brain,
refrig. temp. Avirulent 1 yr.



TABLE C -2THE SURVIVAL OF VIRUSES IN CULTURE

Factor(s) Survival Reference

LIQUID, CONT.
Vaccinia

Chorion & 1 drop calf
lymph, Refrig. temp.
(Str. 3, Breslam) 2 yrs. Haagen 1939
(Str. 4, Dresden)

Allantois of chick enbry ,Capable of multiplicati cri
low temp., Present in and still pathor1enic
mlycerine, Rinrers solr after 15 yrs. Lehmann 1949
from 1933-49

Pure glycorol, 18 0. 5 d. No uchi 1915
" 37 0. 24 h.

Ringers solno with .54
and 1% phenol and water Still active 1 yr.

Physiol saline, -13 C. 7.4% showed count ovor '4

30,000 after 4 yrs.
41 % nfter 10 yrs. Schartner 1939

Tissue cult., 45.1 C. - Thompson lc42
Liquid air 15 min. White 1901

Variola
Ssline soln., 35 C. 30 min. Gordon 1925

Yellow fevor
Physiol. saline Better than dist. water Bauer 1940

SAqueous susp. 10 d. Latarjet 1951
Glycerol 8 mos. Rivers 1948

SOLID
Foot & mouth

Congealed itate 162 d. Lepino 1937
V ccinia

Levinthal, blood agar,
-13 C. Recov. 11% after 4 yrs.,

58.3% after 10 yrs. Schnrtner 1939

GEN LTMAL
Colorado tick fever

Ice compprtmant 3 yrs.. Rivers 1948
Cow pox

Culture, -70 C. <,108 h. Pictet 1884
"-130 0. Q20 h.

Dr~ngue
Sto omya, 22 C. Up to 85 d. Blanc 1929

16.50. "
"22.5 C. Uip to 174 d.

40 C.,pH 08.4 (St. Louis Still viable 3 wks. Duffy 1946

pH 3-.5-11.5 (Equino) Greatest stability afte
1 h. Finkelsteinl938

pH 7.5-8.5, (Equine) Greatest stability "
1 "•k. J "

20% saline with 10 cc. Trandmission oocurred b
dofibrin. rs,)nit biooa 2.toe of Cuiex Opp. ros
temp 29i4-31 ( .C g...0 dqs following
humidity (Jap. R . blood meal Jammon 11.



TABLE J 1. THEI 51MfVIVAL CM'p virtJsl. I tITTs

Psctor(s) Suirvival R~fwrence

G~ENERAL

(Jap 13.) 12 mIosO lolnick 1 r,1 .6
-20 C. , o-orkpid tiibos
(Jap B.) 1000 fold 1083s Malirilk 1946
Filtered, 5•6 C.(st.. Lol'i 030 mnitn Rivers 1948
pH B-4-.8-8 (63t.- Loi~l.) 3 wks..

* PH 7-10 (Jai, q) 1n (,t' raplioly Rivers 19)ýa
Susýp .. 70 C.-(.aq. diqniit 1) 10 rri.r-i, if
Fil~trstns', 60 0,. LO W in,

pH b--9ý9 RjnF;(o of sitwility PFyIci3
Foot ý io thci~

nul-nea -Pi,- Vr s lel flu hi.
IL.T 1 .6 i'ios. Anonynous -

Herpe ipe
>7 .1 yr Rivers 1948

Influenza
10% normra1 horse, s(rumi

shaken 24) h,( WR Str.) 1fluid titcr better than
0,216 bovtno albumlin Dick 1949

10% norroal. r~oyiknr ,ienum, Huld t.itur better thian

shaken 211 h. (Fiench 0,2% hovine albiunin di.

Tissue cu:Ltotro,, (0 6. (PR )>5 mrnin <7 mi"u Jos El 945
f55 E-Cý,30 rmini <J15 Trifll)

50) C0  )i;ý( mir, < 180 min.
Tismue ci].tura, he1ati
adapted, 60 C. 4~rn '( i',:Jj

it If 5 c. >>45[•1rnili, /-60 nin.

Af7~r' :stcrap~a, (PR 8)
25,.5 00 U n: 6 t od 238 d I

haqtt adiApted 4() d..
37 C I, rimlaptoc 18 d,..,

hwit rAI-'pt d 1)11 0 I
i1j C. (irnC. A) 2- 3 nios. Pivo r. 194I8
RTý 6 WIC.; Scherp 1938

0-140 C. I. WIC
Incl.Ls ion conjum.tI v I lo

R,. f ipeato d SOV. drip) Rivers 1948

Tflnise raln 0r~ 0 C 30 a*c.I
IIif 0 1) r

('o (1.10 willio



TABLE C •" THE SURVIVAL OF VIRUSES IN CULTURE

Factor(s) Survival' Reference

GENERAL
'Mumpsi

I 70 CV, 10-moso Rivors 1.948MNeasles

-72 to --35 C. 4 wks. Rivers 1948
Fr(ezing 25 hr:,o Van Rooyen 1940

Newcas tie
pH 5 .,5 Elford 1948
Incubo 37 C,, undil,
amniotic fluid liable 126 d., Olosiuk 19'51

Papilloma
Neutral to pIl 4.2 Least loss of' activity. Beard 1,938
weakly r"r-r,• 1- Gradual loss of activ. "
On acid sido of pH 7 the virus activity rcrntins
hiI-ih until -t pH hetw;em 2.9 kc 3,3 It is lost,
suddenly, At. pH 10o to 10,2 imneditito inactiv,
observed.. (Shope virus) .Jyckof f 1937

Pol iomyel i tis
More *-7F-ctive when sus- (Arrnstronp• rn'u•se adapte ) Hammon 1941

pondod in low pTT,
Infective after heating
at 55-5A Co -, Howitt 1930

F.ilsior. of hemocelos of Produned paralysis in
flies & cockroacliuIs mice in 12 "E 15 d.

rodpoptively. Hurlbut 1950
108,,5 C, 28003100 A. Complete destruction

1-.30 mmn, Jungleblut 1937
Berkofold .filter, 39 0,. 7 d. Landstainerl910
35 C. 2 hir., Leiner 1910
3'7 Co 21 d, Levaditi 1913
-70 to -20 Co lip loss in infectivity

12 m,. s., Felrck 1946
With E. hist½lytica Settles out Young 19V
50 C. 3 mi,. Shaughnessj1930

Pseudolmr~phocytic chorio
men i nj t is

Mouse brain, 56 C., 30 raiin. River's 1948Psittacosis

Broth, 40 '2 Sevural wks,, Rivozs 1948
,70 C, >2 yrs.

Rabies

Ft s Rr lipi1d, oxtrricted 'rom deasict-itcd rabies;
vaccine with various so vents and injected into
rnice fnil to give protettion or provoke evidonce
of toxic rosponse when 4iven subduradly o- Intra
perlttnally. When extr nted at low temp (-65 Co
with ether, the virius i not Instroyed,. Aftor 1
yr. amo.nt of li.ving vi us has not decreased. Harris 1948

Rift valley fever viPu8
* Light, ment blue 40 min, Rivers 1948

Rinderpeot virus
Leucocytes & salleen 4 C.
Dried % ppt. with aceto e. '2 res o. IDas 1949



.TABLE ( 2. THE SURVIVAL OF VIRUSES IN CULTURE

Factor(s) S1'rvival Reference

GENERAL, CONT.
RinderpesL virus

Leucocyt•e &,spleen 40 Cý, >4 mos- Das 1949
D ied over CaCl in vacuo.

" " " 37 C- 15 d.,
Seinlike forest virus

1 ho Rivers 1ý,48
Trachoma

frrIgert', t 1 wk. Julienelle 1942
Vac oinia •

Ottens d-, tropic 1
temp and R°H. 18 yrs,. Collier 1950

Gases at 4 C. Retained virulence 3wks. Noguchi 1918
Gases at 37 C Became avirulent
Pure 0 or' CO., 18 C. Destroyed virus complet,"
Sonic vibrstions >15 nino partial inact.Rivers 1937

Yellow fever
10% N. monkey serlum
shaken 24 h. Held titer better than

0.2% bovine alb. dil. Dick 1949
Dessicated, frozen many yrs0 Rivers 1948

Cold 'virus filtrates,
-76 C°, dry ice 2 yrs. Andrews 1949
•10 C. 27 d.

43C. 3

D'



TABLE ( THE SURVIVAL OF YEASTS, MOLDS AND FUNGI IN CULTURE

Factor(s) Survival Reference

DRIED GENERAL
M"°inomyce sDessicated wentii) ,i yr. Wehmer 189

""i~ e (niger) 3yrs"

(oryzae) yrso
Dried (spp.) 4Q5 yrs. Proom 149 "

Brewers ,,.Lo,;L
Dried with plaster paris 10 nios. Pasteur 1876

SacA arom oes pastorianus
DTffuse light (3 yrs. Kayser 1889

Yeast p

Mre resistant in dry st te thnn in moist. Kayser 1889
DRIED, LYOPHILIZED

Asconycetes
Cultue suspendtd in 0,22% survival rabe Atkin 1949

normal horse serum, qui 1< in 3 inoso
frozen, dried in hi'-h
vacuum c sealed quickly

Sac chromyces corevisiae
Bouillon k beerwort, exp More time req. for

10-15 mine to U.V. gelAtinized media Gilles 1935
Frozen at -.24.C- & thawo

a5 25 Co" 28% killod Stille 1943
S Yeasts, s]p•

Lyophilized in vacuo 1 yr. Dopter 1949
Lyophilized 2 yrs. Wickerham 1946

LIQUID
Aspergillus

Nutrieht media, -6 to -1 C. 4 d. Bartetzko 1910
1% Flucose, -12 C. 2 h. "

Eidermophytes
•b5% NaCl, -20 to -30 C. 34 d. Kadisch 1qjj

Sac chromyces
'roth, salt soln., -13 t

-15 C. (cerevisiae) >160 wks° Tanner 1928
Broth, -13 to -15 C. 5 wks

(ellipsoideus)
Selt soln., -13 to .-151 C

(ellipsoideus) 18 wkso
Proth, -13 to -'15 C.

(maxicans) >160 wks.
Splt solno, -13to -15 C.

(maxicans) 14 wks."
Broth, -.13 to -15 C.

(pastorlanus) 58 wks.
Salt soln., -.13 to ,15 ,

(pastorianus) P160 wkS.
10O sucrose Of 25 sLrs., 15 ri•taine

viability 1O0 yrs., 9
dead in 81 yrs. Meissner 1911

Nutrient broth 'I fruit
juices, -23.3 C. 3 yrs. Tanner 1934



TABLE C ZOTHE SURVIVAL OF YEASTS, MOLDS AND FUNGI IN CULTTJRE,

Pactor(s) Survival Reference

* LIQUID, CONT.
Yeasts, spp.

10% sucrose in Freuden-
reich flasks many yrs. Will 1909

-85% NaCl solno, -20 to
-30 C.. N2 mnos.. Kadisch 1931

SOLID-
Absidia

Potato dextrose agar, 7C 10 used, 8 viable, 2 yr!
8 mosl Hesseltilne 1947Ac tinomu cor

Potato dext. agar, 7 C. 1 used, 1 viable, 2 yrs,
8 mos.

Alternaria
Potato dexto agar, 7 C. 3 used, 3 viable, 2 yrs

8 mos. if
Agar slnnt, -2c) C. >4 mos. Bartram i16

Aseophyts
Agar slprit,-29C, >4 moo.

Apergillus
Potat0o-dext 0 agsr, 7 C. 98 used, 48 viable,

2 yrs., mOS. oiessaltine 1947
3% 'pelstin, -10 to -.13 g 12 h. Lindner 1915Blastonyces

Sabourds dextrose ngar
R.To, cove with mineral
oil. 20 mos. Ajello 1951

Candida
Sabourauds dextrose agar

R.T., covy with mrinrral
oil 20 mos.

Cephalotheuum
Agar slant, -.29 C. 7 4 mos, Bartram 1916

Chartomium

Potato dext° agar, 7 C. 8 usi(d, 7 viable,
2 yrs., R3 mos, Hesseltine 1947

Circinella
Potato dexto a.ar, 7 C. 2 used, 2 vinble,

2 yrso, 8 moso
Coccidioldes

Sabourauds dext. agar,
RoT., coy, with mrtineral
oil, a) mos. AJello 1951

Cryptocoecus
Sabourauds (ext.agar,R.T
coy. with mineral o il 20 mos.

Fusarium
Potato dexto agar, 7 go 15 used, 11 viable

2 yrs., 8 mos. Hesseltino 1947
Mucor

Agar or liquid Raulins
* ne,, -70 to -110 0. 2 h. Chodat 1896



PLATE • THE ST.TRyIVAL OF YEASTSS, MOLDS AND FUNGI IN C1ULTURE

Factor(s) Survi val Reference

* SOLID
Muc or

"I-T-otato dext. agair, 7 0. 59 used, 53 viable,
2 yrs, 8 mos. Hess~eltine 1947Nocardia

Si----- rauds dext. agarR *.I.
Cov. 'ith mineral oil'. 20 mos. AJello 1951Ph c om c e s

Potato-dext agar, 7 C. 3 used, 3 viable,
2 yrs., 8 mos. Hesseltine'1947

Penic ill iumn
Potato dext. agar, 7 C. 2 yrsa, 8 mos.
(a pp.)
3% gelatin, -10 to -13 C 12 h. Lindner 1915
(glaucumn)

dext. rar', 7 C. 17 used, 13 viable

2 yrs., 8 mos. Hesseltine 1i47
Saccharomyces cerevIsine

MAgar slants, -70 C. 1-8 d. Karcher 1931fync ephal a s t riun
Potato dexto agar, 7 C0  2 used, 2 vinble,

2 yrs. 8 nos., Hesseltine 1947
Trichoderma.

Potato dext. a'er, 7 C. 7 7 viable
2 yrs. 8 mos.Yeast$ spp. e

Nutrient apar, 0 C Ranid frowth. 5 d.o Haines l934GENERAL i

Asergil
Dark,Xlab. temp.(flavus) Y yf Mc~rae 1923

"(fumigatus) 10 yrs.
"f (glaucus) 16 yrs.

•Dark, labo tepnp.(spores) 20 yrs.,
below freezing Very few living, 16 mom Tanner 1931Saccharomyoess

SubfreezTn-g temp, Sucrps3
nonc0.?30-35%, pH 3.6-3. Retards destruction McFarlane 1940Strepto t~hx ix- 429 d.. Lal 1921Yeasts, spp.

Incubator, 28 C. < 3 yrs. Kayser 1889
Bub-freezing, -9.9 C. in
agar slant > 1 yr. Smart 1935

Found in frozen fruits,
15 F. After 3 yrs. H

-15 C. 160 wkso Tanner 192

Agr'3 C. 5 mos. Eberaon' 1920
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TABLE E THE SURVIVAL OF BACILLUS SPECIES IN FOOD

Faotor(s) Survival Rereonce

MILK
B. anthraois

Ml-k from udder of cow 10 yr. Morris 1921
that had died of the
disease

DAIRY PRODUCTS
B. ap.
SMargarine Recov. 7g% Foltz 19-51

CEREAL ...
B. anthracis

Oats ,Present McFa.an 1895
VEGETABLES

B. anthracis
Roots of corn 50 d. Beranek 1948
Plants, lima bean Recov. 6-11 d. Russell !893FRUITS '

Be mycoides
Fruits, -SF Resisted -5 and 15F Campbell 1932

better than higher
temp.

S

OU



TABLE L THE SURVIVAL OF BRUCELLA SPECIES IN FOOD

Factor(s) Survival Reference

Br. abortus
Creamp ~c •vine strain 8 d. Carpenter 1928

ovine & human strain 10
days

Sour milk d. Honda 1938
Milk, home pasteurized Ino:llOO,000/ml; 5-10min Huddleson 1949
Raw milk --- Jones 1943
Raw cream ecov: 11 out of 13 Pullinger 1935
Sterilized and raw milk ome after 50 mine recov Seelemann 1938
Milk, 145F 0 min. Smith 1932
0 flash pasteurizatio Org. survived 0 0

Milk, 4-8C, 18-19C, 22-24fnoo:0.5 cc milk, 1-7 d. Stockmayer 1935
Milk +0.25% Boric acid, , . , a a

4-8c, 18-190, 22-240
Milk40.5% Boric acid, a a a a

4-8c, 18-19C, 22-240
Milk 4l% Boric acid, 4-80, P "

18-19C, 22-240
Milk+2% Boric acid, 4-80s, a " a

18-19c, 22-24c
Milk, R. T. 3-4 d. Van Drimmelen1948

S Er. melitensis
Sheep's milk, 16C, pH 6.8- 22-40 d. Versilova 1937

6.0
Sheep's milk, 16C, pH 4-5 30 d. " a
Milk, 370 Few days a a

Br. suis
Milkt 62C, open coil 4 min. Murray 1932

pasteurizer
Milk foam in outlet, 63C 30 a a a

DAIRY PRODUCTS
Br. abortus

Butter, 8C 81-32 d. Carpenter 1928
" 46F 142 d. "

Cheese 60 d. Daklberg 1946
Butter, 8C Inoo:artifical;32-142 d. Fitch 1933
Ice cream Present --- a
Cheese Few days Pullinger 1935
Ice oream, 30F 1 mo. Thompson 1933
Roquefort cheese 2 mo. a
Cheese 2 " Voille 1931
Ice cream, -23.20 7 yr. Wallace 1938
Butter and cheese Few days T & W 1946

Br. melitensis
Goat cheese Present --- Eyre
Cheese Most common Fabian 1947

S Cheese of infected goat 6-20 d. Peres 1936
milk

Cheese from unpasteurized 38 d.-1 yr. Stiles 1945
goat milk

Brynza cheese, 11-14C 45 d. Vbrsilova 1937



TABLE A (oont'd) THE SURVIVAL OF BRUCELLA SPECIES IN FOOD

S
Factor(s) Survival Reference

DAIRY PRODUCTS (contd)
Br. melitensia

Ice creas, -23.2C yr. Wallace 1938
U N 30 mo. +

Br. suis
Ica cream, -23.2C yr.
Ice cream 30 mo. 4

Butterfrom infected cow, 4 mo. Bryan 1944
salted and unsalted

Cheese, 4.4C Inoc:l,000/ml;)6 mo..,lyr Gilman 1946
Cheddar cheese Inoo:700-800/ml;>3 mo.

If, yr.
", 1.1-2.7C )41 d.-84 d.

Cheese Acidity decreases viabil Lerche 1931
ity of org.

MEAT
Br. melitensis

Cured ham, nat. infection 21 d, none after smoking Hutchings 1951
in ice box

BEVERAGES
Br. abortus

Bee 3 d. Serpa Santo31939
Vines 1 hr.

0



TABLE . _ THE SURVIVAL OF CLOSTRIDIUM SPECIES IN FOOD

Factor(s) Survival Reference

DAIRY01. (sppD.)
rMAh ese_ Moat common Fabian 1947
PMAT

Cl. botulinum
Cooked meat and fish Spores present Editorial 1926
Canned salmon, beef, sar-

dines, clam juice, duck
1.sporomenes

Putrid moat, 500 No growth in 9 d. Raines 1944
Spore formina anaerobes

Roast beer, canned in 1824 3 strains viable Wilson 1938
Tripe, canned 1880 Not found01. (BDD.)
Salted fish T & W 1946
Cooked meat and fish 19--6

VEGETABLE
C1. tetani

Various vegetables Present Dubovsky 1922
C1. botulinum

Home canned string beans, Spores present ditorial 1926
corn, asparagus, spinach,
pinento, pickles

Vegetables grown in contam- Present Parry 1946
inated soil

Peas, string beans, corn, >3 Mo. Starin 1926
and spinach; 10-12C, 19-
210, and 24-260

Peas, lop o toxin was produced Straka 1932
when containers were
defrosted and immediate
ly examined or when at ad
in ice box 3 d.

Peas, frozen, 42F, pH 5.6- Inoc.lO00,0000;Recov.O Straka 1930
6.5 <7 d.

Peas, frozen, 5OF Inoo:cono;Recov.O0;7 d.
Peas, frozen, 60F, pH 4.6- >3 do a i

6.7
Peas, frozen, 60F, pH 4.6- >6 d. "

6.2
Peas, frozen, 80F, pH 4.3- Inoc:cono;>2 do "

6.6
Vegetables, -160 >2 yr. Tanner 1931

"1000 90-80 min. Weiss 1921
"1050 30-70" if
"110C 10-20"

Spore formin anaerobes
Carrots, canned 10b5 Not found Wilson 1938alc. (app.)
Cans or spinach Inoc:8O0,ooo;Oo% of the Koser 1921

org. died in 18 hr.



TABLE . (contid) THE SURVIVAL OF CLOSTRIDIUM SPECIES IN FOOD

Factor(s) Survival Reference

01. sporogenesDried fruLtp 45C Grown in 24j hr. Haines 1944

1t -F14.0 d. Campbell 1932

-36C >2 yr. anner 1931GENERAL FOOD
01. botulinum

Various foods, 35C, arti- Reoov:certain toxin;l yr Schoenholz 1923
ficially contaminated

Variety of foods, -16C 1 yr. allace 1933
Acid foods, 100C 50 min. eiss 1921

"105C 30" N "
"110C 15 " U "

Various types of food & W 1946

8

.- >- -I



TABLE • THE SURVIVAL OF ESCHERICHIA COLI IN FOOD
ALSO PARACOLOBACTRUM & AEROBACTER

Factor(s) Survival Reference

MILK
E. eoli

-- ,eam 30% butter fat, Reduction 61% in 3 hr. Hilliard 1915
freezing at -15C

Milk dll., frozen Less dil. the larger the Keith 1913
survival

Milk, -21 to -780 Inoc. 100,000/ml., more Lund -
resistant to freezing
than thawing

" pH 4.2 Growth checked Palladina 1935
" plus 5% NaCI, pH4.6 24 hr. N

Skim milk or cream, 20C Well Robinton 19h5
DAIRY PRODUCTS

E. coli
Milkcurds 48-96 hr. Bhet 1949
Cheese 12 mo. Crossley 1942
Margarine Isolated from 8% Foltz 1951
Ice cream In 90% of samples Murgia -
Butter and margarine, Check growth Palladina 1935

rapid develop, of acid-
ity and prompt salting

Butter, 14F 8 wk. Rice 1938
60F Did not mult. but sur-

* vived longEGGS
E. coli

Frozen eggs Recov. 50% colonies ex- Colien 1942
amined were coliform

"-90 14 mo. Hartsell 1951
Egg thites, -15C Recov. 0, 3 mo. Johns 1946
Frozen epgs (vhite) lO, 5 yr. Schneiter 1943

S(yolk) " 4000, 5 7r.MEAT
E. coli
--a fish blocks, 5-6C 72 d. Frank 1941
Frozen shrimp In 60% of all samples Holmes 1949
Fish and meat Ignatovich 1935
Sausage, 6 d. drying 13 d. Mueller-Claus1938

"35C >24 hr. " 193

VEGETABLEW
E. coli

Veg,20C Recov. 60% out of 70 for Burton 1949
1 yr.

Cantaloupes, -4F >1 yr.
Veg. In 90% of samples Murgia -
Tomatoes with bacteria 5 min. Rudolfs 1951

sprayed on
S ushrooms 6 mo. Smart 1934

OMWITS
E. coli

rus In 90% of samples Maurgia -
Fruit in cold water Recov. 100%, few min. Spaini 1944



TABLE _ (CONTfD) THE SURVIVAL OF ESOHERICHIA COLI IN FOOD
ALSO PARACOLOBACTRUM & AEROBACTER

?actor(s) Survival Reference

FRUITS (cont'd)
E. coli

Fruit in boiling water Recov. 70%, few min. Spaini 1944
Cherries, -17.8 and -40C 2-3 mo. Wallace 1933
Cherry juice, -17.8 and <4 mo. m-400
Good oranges, 17.8C, pH Inoe. 12,300/co, Recov. Wolford 1948

3.64 2,800/occ, 7 mo.
Soft rotten oranges, 17. Inoo. 31,5#0,000/cc,

pH 3.74 Recov. 1,250,000/cc,
8 no.

BEVERAGES
E. coli

"Beer Contained many, from Buttiaux 1949
water to dilute beer

MILKA. aerogenes

"'Milk PH 4,2 Growth checked Palladina 1935
" 59 NeiC, pH 4.6 24 hr. It

DAIRY PRODUCTS
A. aerogenes

9utter, 14F 8 wk. Rice 1938
Salted butter, 60F Did not mult. but sur- II

_ _ __ vived lonEGGS
P. sp.

Turkey and chicken egg Slight effect on bacteri Gregory 1948
albumin , incubated __,

VEGETABLES
A. aerogenes

cantaloupes, -4F >1 yr. Burton 1949
BEVERAGES

A. sp.
Beer Contained 1000/ml Buttiaux 1949

@i



TABLE j THE SURVIVAL OF MICROCOCCJS SPECIES IN FOOD

S
Factor(s) Survival Reference

MILK
M1 aureus

Milks 65-81C Recov. 0, 1 d. Lazarus 1890
"-21 to -78C Inoo. 100,000/ml., more Lund -

resistant to freezing
____ ____ ____ ____ ____ ___ than thawing _ _ _ __ _ _ _

DAIRY PRODUCTS

5ariarine 56% Foltz 1951EGGS

M. aureus
Egg powdered, R.T., stor- Inoc. 2,000, Recov. 20, Haines 1944

ed in packet 70 d.
Frozen eggs, -9C 12 mo. Hartsell 1951

MEAT
N. aureus

Canimeat, 4t2 No growth Haines 1944Canned roast beer, 22-370 Inoc. 30-•000 org./gm., Surgella 1914$

>60 d.
SAUCE

Salad dressing and mayon- M. more resistant than Wethington 1950
naise, S.

Mayonnaise, 37C, pH 3.8,
0.48% acid 96 hr. "

Salad dressing, 370, pH 30 hr.
3.2, 1.1% acid

Mayonnaise with egg yolk, 78 hr.
0.51% acid, pH 4.0,
fresh

Mayonnaise with egg yolk, 72 hr. "
0.51% acid, pH 4.0,
emulsol

Salad dressing with egg 48 hr.
yolk, 1.02% acid, pH
3.30, fresh

Salad dressing with egg 16 hr.
yolk, 1.02% acid, pH
3.30, emulsol

Mayonnaise, pH 5.0, 0.15% 14 hr. "
acid

Salad dressing, pH 5.0, 144 hr. " "
0.15% acid

VEGETABLES
M. aureus

Plants, lima beans Recov. 3, 13 d. Russell 1893Me 8]p0
Asparagus, -17.8C Inc. 2_%% Recov. 85.8%, Lockhead 1938

8 no.
Spinach, -17.8C Inoc. 8.6%, Recov. 63.2% "

8 Mo.
Peas, -17.80 Inoc. 21.3%,Recov. 44.4%1

8 Mo.



TABLE I _ (CONT'D) THE SURVIVAL OP MICROCOCCUS SPECIES IN FOOD

Factor(s) Survival Reference

VEGETABLES (contid)

Beans, -17.80 Ingo. 7.0%p Recov.72.0%, Lockhead 1938
8 mo.

Corns " Inoc.20.7%, Recov.78.7%,
MITs8 to.
M. aureua

Dried frito 4C No growth Haines 1944
Sliced sweetened straw- Inoc. 500/gm., 6 mo. McCleskey 1941

berries, -18C
M. sp.

Orage Juice, -4C 50 hr. Beard 1932

1'



TABLE THE SURVIVAL OF MICROORGANISMS IN FOOD

6
Factor(s) Survival Reference

MILK
Corynebacteriumdiphtheriae

Cream, frozen >4 d. Bolten 1918
Milk Present Trevelyan 1898

Lactobacillus casel
Milk, -21 to -7C Inc. 100,000/ml., more Lund -

resistant to freezing
than thawing

Lactobacillus acidophilus

Milk, 116C 15 min. Morrison 1930
Riokettd a spp.

trer. skim milk, 26-28C Inoc. 0.5ml. of 2xlO"I Anderson 1944
cotton rat liver, 24
hr.

Raw milk Not given Huebner 1948
Rickettsia

Coxiella hurneti
Milk, R.T. 7 d. Babudieri 1950

" 37C, air dried 30 d.
stored_

DAIRY PRODUCTS
Achromobacter delmarvae

• Butter 239 d. Berry 1927
_ and marrarine, Growth checked Palladina 1935
rapid develop, of acid
and prompt salting

Bacterium linens
Cheddar cheese, 10C, pH 4 mo. Albert 1944

5.13
Corynebacterium diphtheriae

Butter 1 mo. Minn.St.Bd.of
Rickettsia Health 1911

Coxiella burneti
Cheese made with in- 46 d. Babudieri 1950

fected milk
Butter, below freezing 41 d. Jellison 1948

Lactobacillus sp.
Butter 27Z.-4 6 2 D. Tanner 19/

MEAT
Corynebacterium diphtherise

Sausage, 05C for 70 min. 24 hr. Mueller-Claus
1938

Animal parasites
Trichinella spiralis

Pork, -150 24-36 hr. Tanner 1944
Trichina larvae

Pork., -27C Recov. o, 36 hr. Gould 1949
" -30C " 24 hr.
" -33C 10 hr. "
" -35C " " 40 min.
" -37 " " 2 min. _ _ _



TABLE E (CONT'D) THE SURVIVAL OF MICROORGANISMS IN FOOD

a
Factor(s) Survival Referente

CEREAL
Pasteurella tularensis

'Gr•in Present Ayres 3.948
" contaminated with Zeiss 1943
urine or feces of in-
footed mice

VEGETABLES
Laotobacillus cucumeris

Peas, 15F >2 yr. Berry 1933
Lactobacillus app.

Veg., -lOC 2 yr.
Peas, -1OC 2 yr. Weiser 1951

Pseudomonas aeruginosa
Plants Recov. many, 69 d. Russell 1893

Bacteria and parasites
Veg., from irrigation Found Wright 1950

water
FRUIT

Proteus vulgaris
Cherry juice, -17.80 and <4 wk. Wallace 1933

GENERAL
SPasteurella tuiarensis

Food stuff Present Schuller 1943
Food, contaminated with Zeiss 1943

urine or feces of in-
fected mice



TABLE g . THE SURVIVAL OF MICROORGANISMS IN FOOD (GENERAL)

Factor(s) Survival Reference

MILK
Milk, frozen and stored Lowers no. of bacteria Babtock 1947
Raw milk Germicidal action de- Chambers 1920

creases no.
Cream, -5 to -10F Decreases during storage Fabian 1943

and freezing
Powdered skim milk, R.H. Inoc. ll,100/g. at 37C Higginbottom194 8

5-20% and 23,800/g' at 30C,
Recov. Max. survival,
48 wk.

Whole milk, 370, R.H. 10- Inoo. 91,000/g., Reduct.
20% 99.9%, 72 wk.

Milk used in coffee or tea Present Hill 1909
DAIRY PRODUCTS

Margarine 42% had plate eas. of Foltz 1951
100/mi. or less

Ice cream Lower in winter moo . Tanner 194
EGGS

Powdered egg, 60C 99% reduct. 1 d., de- Gibbons 1943
crease proportional to
increase in temp.

Eig whites, frozen Low ets. Vergo 1928
"yolks, a "

' whites, R. T. High cts. II

" yolks, " s " N U

"O, F Greater destruction of Winter 1947
bacteria than at lower
temp.

MEAT
Chicken-a-la-King In i samples of precook- Buchbinder 1949

ed food
Hamburger steak, unfrozen Reoov. > 24,300/gm. Geer 1933

"0" frozen > I,100,000/gm.
Dehydrated meat, 15C, in Inoo. 700,000, Recov. Haines 1944

air, R.H. 4e.,5% 9,400; 10 wk.
Dehydrated meat, 15C, in Inoc. 2,?00,000, Recov. "

air, R.H. 2.0% 37,000; 6 wk.
Dehydrated meat, 15C, in Inoo. 24,000,000; Reecov.

air 29,300; 7 mo. N

Dehydrated meat, 15C, in Inoe. 24,000,000; Recov. "
nitrogen 669,000; 12 mo.

Shrimp, -40C Recov. greatly reduced Holmes 1949
in peeled, >12 mo.

"-120 More destrictive than U

lower temp.
Meat Present Jensen 194,5
Lamb chop (fat), -6.6C Recov. 38,300, 6 wk. Prescott 1932

"V " -120 e s,4oo " a
" " " -18C " 67,700" N " i

Fish (haddocks), -4C Start 47, Recov. 260,
7 wk. Prescott 1932

" " -6.60 Start 47, Recov. 820
7 wk.



TABLE LZ (C0NT' D) THE SURVIVAL OF MICROORGANISMS IN FOOD (GENERAL)

a
Factor(s) Survival Referenoe

MEAT (oontd)
Fish (haddocks), -12C Start 47, Reoov. 560, Prescott 1932

7 wk.
""" -18C Start h7, Reecv. 75 _ _ _

Frozen Veg*, -180 )'4 yr. Berry 1U71Vegetable tissue Present Galippe
Dried veg., 65-80C Haines 1911J
Frozen Veg., 10, 0, -loF Inoo. 50,000/g., Recov. Huoker 1951

no increase
Pickled veg. Intestinal pathogens Lin 1945
Vined peas, <40F 95% reduction Link 1949
Frozen packed Veg., -17.8C Some present 9 mo. Lookhead 1936
Peas, -200 brine packed 24 wk. MacFarlane 1940
Spinach, -6.6C Start 2170, Recov. 1190, Prescott 1932

6 wk.
"-12C Start 2170, Recov. 1,350

6 wk.
-18C Start 2170, Recov. "

6 wk.
Veag, bact. in soil No results Remlinger 1909
Peas and whole kernel corn Did not mult. Van Eseltine 1948

frozen in liquid air or
in air blast

Veg., ow temp., moist soil, Rudolfs 1950
organic matter increas
viability of pathogene
and other pathogenes
reduce survival

FRUITS
Berries, airtight, frozen argo decrease, greater Berry 1933

decrease at high temp.
Apple juioe, -70 to -210 educed 90-96% 1 mo. 1932

-5, -9.4, 6-7C urvival <100% 1 mo. ' 19.3
Frozen berries, )eath more rapid at -9.14 c 1936

than at -20.6C
Cherries, washed in NaCl its. 1200 to 600,000 Roder 1928
Blackberries present even after
Currants 3rd. washing
Yellow Plums
Pears
Damson plums if
Fruits, moist >15 d. Mills 1925
Fruits, decayed portion 7-42 d. a
Cider, -10C 31 wk. MacFarlane 19140
Raspberries, -202 6 wk.
Strawberries, -6.6c tart 1900, Reeov. 280, Prescott 1932

6 wk.
-12C tart 1900, Recov. 960,

6 wk.
"I -18C tart 1900, Recov. 2200,

6 wk.



TABLE Z (CONTID) THE SURVIVAL OF MICROORGANISMS IN FOOD (GENERAL)

nactox'(a) Survival Reference

FRUITS (cont'd)
Raspberries, -6.6C Start 50500, Recov. 275, Prescott 1932

6wk.
"-120 Start 50500, Recov. 638s

6 wk.
-18C Start 50500, Reoov. 152C

6 wk.
Orange Juice, -6.6C Start 2410, Recov. 1100, "

20 d.
" -120 Start 2410, Recov. 1090, "

20 d.
"-18C Start 2410, Recov. 1160

20 d.
Fresh strawberries, 15F Inoc. fungi, yeast, Smart 1934

baot., 1-3 yr.Strawberries in sealed tine 3ba-- 13y

Fruits, -9.4C >3 yr. 1935
Blueberries, frozen Inca. before freezing " 1937

>100,000/gm., Recov.
i%# 7 mo.

" in 50% sugar 99.91 reduct., 9 Mo. " 1939
syrup, -6.7C

Blueberries, in 50% "
syrup, -17.8C 60% " " ""

Blackberries packed in 40% More recovered at -20C VWeiser 1951
B. syrup than -10C

CEREAL
Soy beans, alfalfa Viable 6-9 mo. Fellers 1919
Pop corn, unpopped Contained 100,000/g. Breazeale 1951

poplped " 10/g.
GENERAL

Frozen foods Fats and sugar soln. James 1933
protect and acids
destroy

Food, -25.20 > 10 hr. Tanner 1944
rood, pH 2 Practically all destroi- Virtanen 1940

ed



TABLE . THE SURVIVAL OF MYCOBACTERIUM TUBERCULOSIS IN FOOD

Factor(s) Survival Reference

MILK
Human

e10m 188d
Sour milk 4 wk, Honda 1939
Milk, 58C, pH 6.7, 6.3, 30 min. Katrandjieffl9

6.0
Milk, 60c-63C, pH 6.7, t a WV

6.3D 6.0
Sour milk, 200co., R.T., Inoo. 1 loop cult., Kliewe 1937

pH 4-5 viable 7 d.
Cream, 600-80C 2 min. Mohler -
Milk, frozen, -8C too-0C 2 yr. McCallum 193
Ster. milk, 30C Inoc. 500-2000/ml., 20 d Mattick 194b
Raw cream Recov. 16 out of 31 Pullinger 1935

samples
Bovine

TOUr milk 10 d. Honda 1938
Sour milk, 200cc., R. T. Inoo. 1 loop cult., Kliewe 1937

viable 20 d.
DAIRY PRODUCTS

Human
- fter, 15-22C 30 d. HeM A, 1889
Curds, " : 2 d. a "
Whey, l d.
Cheese,

"2 mo. (summer) Kankaapaa
" 140 d. Kastli 1948

Zuenthal and Gruyere Inoc.20l/cc, 20-30 d. 1949
cheese

Munster and Camembert Inoc. " 47 d.
cheese

Tilsit cheese a " 232 d. " "
Cheese with low fat milk " 326 d.
White cheese 114 d. Loncin 1950
Butter' of milk held at

145F for 30 min. Present Smith 1932
Ice cream 6j yr. Wallace 1938

"a a 30oo. "V 1931
Butter from t.b. milk, Survived pasteurization Cookson 192

pasteurized at 55, 60,
and 70C

Bovine
Ice cream 6j yr. allace 1938
"W 30 mo. " 1933

Avium
-- ' cream yr. * 1938
" V 30 mo. 1933



TABLE L THE SURVIVAL 0F SALMONELLA SPECIES IN FOOD

Factor(s) Survival Reference

MILK
S. earatrhil A

Milkvioe box 170 d. Barry 1927
Milk, 370, 1 lactic acid Inoo:l loop 24 hr. cult; Kaiser 1921

to 250 milk Redov:0;72- 0 hr.
Raw milk, 18C, pH 5.04- 11 d. Kliewe 1935

4.84
Beparatyphi BMilk# 37G# I lactic acid Inoc:l loop of 24 hr.

to 250 milk cult; Recov:0; 12-60 h-Kaiser 1921
Milk, 37C, 1 lactic acid Inoo: 1 loop 24 hr. cult

to 500 milk Recov'0; 72 hr.
Milk, 370, 1 lactic acid Inoe:l loop 24 hr. cult; a

to 1200 milk Recov:0; 60 hr.
Milk, ice box temp. 24 d. Ber'ry 1927
Raw milk, 18C, pH 5.04- 1I d. Kliewe 1935

4.84
Milk, PH 4.2 rowth checked Palladina 1935
Milk, 5% NaCl, pH 4.6 24 a a
Milk, pH 4.7-5.1 3 d. Wilson 1945

S. parat hi
Ster.ilk, 17-20% acid, Recov:0; 1-2 wk. Kliewe 1935

370
Ster. milk, 24.13%, 20C Viable 29 d. "

"a a 18.50%, 370 Recov:0; 9 d. a a
"a a 2.6-15.0%, 20( " " Id. o a
"it a 20.6%, 80 3t" 03 " a
"it a 33%, 20C Viable 4-5 wks. a

"26%,8C 6-7 wk.
Raw milks 27.04%, 370 Recov.0; 14 d.

"33'25%, a 4 d.
"I a a 27,36-18.3%,37C " " 12 d. "

" 31.51%, 200 " " 13d. "
"a 17.82%, "7d. 7

"20.15%, " 3 "

" 22.61%, " "9 7 "a
" "22.80%, 80 14 d.
Sour milk, pH 5.04-4.84 11 d.

Milk, R.T., acidity .7 14 d. Marsh 1918"a suspn, 630, in an 15 min. Orskov 1925

open reagent glass
Milk suspn, 630, in water Recov: 0; 3 min. a

bath in glass with
rubber stopper

Milk suspn, 63C, warmed . " 50 min. a
at 480 until a 1.5cm.
ring of dried milk formi

Milk, pH 4.8 63 d. Wilson 1945
Senteritidia

Milk, ice box temp. 180 d. Berry 1927
Evapor. milk; 37C, 6-g9,

20C; pH 5.2, 7.2, 5#4 7 d. Koser 1922



TABLE _ (CONT'D) THE SURVIVAL OF SALMONELLA SPECIES IN FOOD

Factor(s) Survival Reference

MILK (cont'd)S. t~himurium.
Star. milk, 22.28%, 20C iable 32 d. Kliewe 1935

"16.50%, 370 Reoov: 0; 13 d."" 24.13%0 8C " v 47 d.
"f " 33%, 20C Viable 4-5 wk. " "
"if 25%, 8C 6-7 wk.

Raw milk, 12.15%, 37C eoov: 0; 14 d.
" " 33.20%, 9 4d. 4 df
" " 25.77%, $ 13 d.
" = 35.22%, 20C "if " "
" 25o05%p " lOd.

25.54%, 00 6d.
Milk, PH 4.2 Growth checked Palladina 1935

"8 , 5% NaCl, pH 4. 6  24 hr. a i
Sour milk, 9.75-13% acid, Recov: 0; 1i d. Kliewe 1935

8c
S. typhoea

Raw milk, 0.27% acid 5 d. Bassenge 1903
0.36% 0 6d. "

" 0:.63% i 24 hr.
Milk Recov: 0; 2 hr. Belin 1933

f, ice box and R.T. (Niss.) 290 d. and 187 d Berry 1927
Sour milk, 1 d. old Inoc:lOOectcc+typhoid Bolley 1i98

1 mo.
"2 " " Inoc:l5cc5Scc; 5 d.

"~ skim milk i 100cc'0c cult;5d. 'S
Sweet milk * " +24hr. cult;

Past. milk Inoc:100occ,Y5cc cult;lOd " i
Whole ster. milk " 'loop; 1 ma. o
Sweet cream " 200c0,8cc cult; 4 m af
Milk ster. by discount Loop inoc; 4 me. o o
past., loop inoc.

Milk, 56C for 20 min. " " " ' i
Fresh milk drawn in ster. " 3 mo. " '

tube
Cream, freezing Inoc:Sco of cult; >4 d. Bolten 1918
Sour cream strongly acid 1 loop cult; 10 d. Bruck 1903
Milk ' 1 g.; several days Cautley 1897
Sour milk, R.T., 2.25% 6-8 d. Demme 1925

acid
Milk, 13-180 Viable <48 d. Heim 1889
Ster. milk 4 Mo. Hesse 1889
Milk, alternate freezing Reduction <93-99% Hillard 1918
Ster. milk, 17-20% acid, Recov:O; 4 hr. Kliewe 1935

37C
Star. milk, 30% acid,8-20 Recov. 0; several wk. " '

S" " , 25 min. in
autool, 5.25% acid Viable 13 d. " "

Ster. milk, 8.80-7.50% ' 14 d.
Sacid, 200

Ster. milk, 23-.88%,320 20 28 do. " I

'S 23%-20.5%,37C Recov. 0; 24 hr. S'



TABLE • (CONT'D) THE SURVIVAL OF SALMONELLA SPECIES IN FOOD

SFactor (s) Survival Reference

MILK (oont'd)

soe m1k, 25.85% acid, Recov. 0, 44 d. Kliewe 1935
8c

Ster. milk, 33% acid, 200 Viable 2 wk. "
26% 80 Recov. 0, 6 wk. " N

Raw milk, 370 3 d.o
",14.97%acid " " 12 do N

"O " " 33-73%" " " 4 d. o N

" "17.81% " " I1d.
"200, 38.25% " a 12 d.

"31.51% " " "6d. o N

"N N" 24" 4% " 3 d. d
Sour raw milk, 20C, 9.75- " 3 d.

16.50%acid
Raw milk, 80, 20.38- " 12 d. o N

22.35% acid
Raw milk, 80, 18.75-20.90 " J14 d.

acid
Raw milk, 18C, pH 7.17- Inoo.2 loops, Recov.O,

6.94 48 hr.
Raw milk, 37C, pH 5.02- hoo. 2 loops, Recov.0, "

3.56 24 hr.
Raw milk, 1 loop B. ooli, Inoo. 1 loop, " " "

180, pH 3.94-7.93 12 d.
Raw milk, 370 3 d. Kredba 1935
Sour cream, R.T. Inoo. 7 million, Recov.0 Krumwiede 1914

48 hr.
Cream, soured overnite Inoc. 7 million, " "

in sterilizer 120 hr. * N

Cream, R.T. Inoo. 375,000, Recov. 0, " N

96 hr.
Milk, 660-740 Recov. 0, 1 d. Lazarus 1890
Milk, R.T, acid .7 5 d. Marsh 1918
Fresh milk, acid 19-1.4 1-2 d.
Sour milk 3 mo. Osler 1901
Milk, pH 4.2 Growth was checked Palladina 1935
Fresh milk, 7-100 Inoc.suspn. of agar, Pfuhl 1902

viable 11-13 d.
Milk, 3C 2 d. Seitz 1886
Milk, 0.71% acid 8 d. Wade 1928

0.53% 30 do 1

" with S. lacticus, 5 do and 27 d. N N

"0.84% acid, R.T., and
0.65%, ice box temp.

Milk with diplococcus x0 86 d. "
0.88% acid, ice box

Milk, with diplococcus"x" 34 d.
e1.04% acid, R.T.

i Milk, 0.90% acid 1 d. " "
Milk, 0.74, 0.78, 0,81% d.o
Milk 20 d. Washburx 1908

pH 4.9-5.1 63 d. plus Wilson 1945



TABLE M (CONT, D) THE SURVIVAL OF SALMONELLA SPECIES IN FOOD

Factor(s) Survival Reference

DAIRY PRODUCTS
S. DaratyDhi A

Butter 117 d. Berry 1927
S. paratyphi B

Butter 212d. d
Milk curds 48-96 hr. Bhat 1949
Yoghurt, 1.87% acid Inoo. 1 loop 24 hr. cult

Recov.O, 0 8-108 hr. Kaiser 1921
0.29%-0.82% acid Inoo. 1 loop 24 hr. cult

Recov. 0, 12 hr.
"1.89%-2.14% " noo. 1 loop 24 hr. cult

Recov. 0, 60-72 hr.
2.35% acid Inoc. 1 loop 24 hr. cult

Recov. 0, 120 hr.
"1.07% Inoc. 1 loop 24 hr. cult

Recov. 0, 24 hr. "
Butter and margarine, rap-Growth checked Palladina 1935

id develop. of acid and
prompt salting

Buttermilk 15 d. Stever 1941
S. Earat¥•hi times
M11lt curds 8-96 hr. Bh&t 1949

Butter (English), 15C I112 d. Pullinger 1938
30 112d. "

Buttermilk 5 d. Stever 1941
Cheese oat common Fabian 1947

S. mg. (Type Newiort

Butter, oontsmined by Present --- Erikason 1941
cooling water

S. enteritidis
Butter 28 d. Berry 1927
Milk curds ý8-96 hr. Bhat 1949
Butter (English), 150 --l2 d. Pullinger 1938

" 30 u112 d. o
Ice cream, -23.2C ' yr. Wallace 1938

" freezing 30 moo. + 1933
S. tyDhimurium

Butter 39 d. Berry 1927
Ice cream 8 d. Glass 1946
Butter and margarine, Irowth checked Palladina 1935

rapid develop. of acid
and prompt salting

Cheese, 43-48F noc. colby cheese, 302d Tucker 1946
Ice cream, -23.20 yr. Wallace 1938

" freezing 0 mo. 4
S. choleraesuis

Butter 9 d. Berry 1927
. pWhosa
Buittiiiiilk, strongly acid Ino. 1 loop cult, 10 d. Bruck 1903

u,22C "n2 i 24 hr. cult Fraenkel 1898
3 d.

"I 37C Inoo. 2 loop 24 hr. cult "
24 hr.

"pH 3.5-4.4 2-3 d. Marsh 1918



TABLE _ (CONTID) THE SURVIVAL OF SALMONELLA SPECIES IN FOOD

Factor(s) Survival Reference

DAIRY PRODUCTS (cont'd)
So typhosaButtermilks pH 3.1-4.5 1 d. Marsh 1918

"R.T. 3 d. Rubenstein 1902
"incubator 24 hr.

Cheese infected by water 6-10 mo. Anon. 1944
Butter 22 d. Berry 1927

" 110 d. a
Milk curds 48-96 hr. Bhot 1q49
Fresh creamery butter Inoo. spots, 5 d. Bolley 1898

"germs mixed, 5 d.
" 1loop, 5 d.

salt 4 oz./lb.
Unsalted churned butter " 200cc&8cc cult,

10 d.
Salted churned butter, Inoo. 200cc & 8co cult,

10 oz./lb. 10 d.
Fresh creamery butter, None found

kept in cold storage
Fresh creamery butter

salted, in cold storage
Cheese 80 d. Bawman 1942

SButter, strongly acid Inoc. 1 loop cult, 27 d. Bruck 1903
Cheese, 58-60F 3 mo. Campbell 1944

40-42? 6-10 mo.
" cheddar w3 mo. Foley 1945

Butter, 13-18C Viable 21 d.- 1 mo. Heam 1889
Cheese, 350, alkaline " 3 d. o "
White cheese, 35C " -024 hr. if

Curds, 350 1 d. "
Whey " 1d. " do
Cheese 4 wk. Hesse 1889
Butter, weakly acid t-5 d. Laser 1891
Butter 6d. Lafar -
Cheese, 60F, artifically 34-36 d. Meyer 1944

infected
Ice cream, frozen Inoo. 70,000/cc, Recov. Mitchell 1915

a9 n450,000/co in 24 hr.
"9Knox Inoo. 400,000/c0, Recov. ' "
gelatin added 60,000/cc in 24 hr.

Butter made from infected Several days Osler 1901
cream

Butter and margarine, Growth checked Palladina 1935
rapid develop, of acid
and prompt salting

Fresh butter, 7-10C Inoo. agar cult. ground Pfuhl 1902
in agar mortar, 21 d.

Gervais cheese Inoc. agar cult, "
Ice cream =2 yr. Prucha 1926
All classes of butter At least 80 d. Pullinger 1938
Sweet and sour curds, pH Ino. 4 drops cult, Reco

4.2-4.7 0, =1 hr. Panja 1945



TABLE L.. (CONT'D) THE SURVIVAL OF SALMONELLA SPECIES IN FOOD

Pactor(s) Survival Reference

DAIRY PRODUCTS (cont'd)
So tYrhosa

Cheeses R.T. 26 d. Ranta 1941
ice box s-75 d.

Ice cream, -19C I yr. Tanner 19•
Colby cheese 4$ d. Thomasson 19
Cheddar cheese, from con- 36 d. Wade 192w

taminated milk, 1.04%
acidity

Cheddar cheese (commercia ) 63 d.
Cheese, 1.12% acid, expos .16 d.

ed to air
Cheese, 0.94% acid, ex- 13 d. o U

posed to air
Cheese, 0.97% acid, ex- a " a

posed to air
Cheese, 0.989 acid, no ai 7 d. " _"

EGGS
S. typhimurium

Defrosted whole egg; -1, 11 mo. 4 Hartsell 1950
-9, and -18C

S. tyZphosa
Defrosted whole egg " U a a

S• S. sp. (Type Oranienburg)
Defrosted whole egg;-I, -I s N N

"-9, and-18C
S. app.

Fermented albumen, R.T., Recov. 100% Ayres 1949
dried

Fermented 120F, 20 d. "
dried

Eggs e 06% of samples Felsenfield 1950
powdered 3

Spray dried eggs Recov. in 9.9% of sample Med. Res. Coun.
1947

Duck eggs Present Mallam 1946
Powdered egg, 35F 65 wk. Wilson 1948

S. pullorum
Raw egF Inoo. feces, present Mitchell 1946

MEAT
S. paratyphi B

Chicken chow mein,-25.5C Inoc. 250xlO5/gm, Recov. Gunderson 1948
19x10/gm., 270 d.

S. ara typhi types
Livers, Dvains, hamburger Present Cherry 1942

steak, fresh pork, sau-
sage, pork and beef
loaf, kidney, cooked po rk,
smoked sausage cured
ham and bacon, beef,
lamb, calf sweetbreads,
and chicken livers



TABLE •._ (CONT'D) THE SURVIVAL OF SALMONELLA SPECIES IN FOOD

Factor(s) Survival Reference
MEAT (contd)

B. paratyhih types

Bee1 1 of sample Felsenfield 1950
Birds (inspected) 0.9% of samiles " "
"W (uninspected) 10.8% of

Pork uinspected) I.3% of
Ila:ninspected) 2 %8 " ""

Hamburger 17•6% "
S. enteritidis

Corned beef Inoc. 39-5000/gm, Recov. Surgella 1945
3QxlO°, " 60 d.S.--tInhimurium

Chicken chow mein,-25.*C Inoc. lg7xlCS/gm, Recov. Gunderson 1948
34xlO•gm, 270 d.

S. anatum
Chick chow mein,-25.5C Inoo. 10xlo5/gm, Recov. "

I4. 2xlO/gm, 270 d.
S. gAalinarum

chicken chow mein,-25.5c Inoc. 68 5xlO5/gm,Recov.
4.8xl0'/gm, 270 d.S sý. (Type Newington)

Chicken chow mein,25.5C Inoc. 75.5x1O5 /gm,Recov.
2.2x105/gm, 270 d.

Souse meat 3 mo. Duff 19112
Salt fish blocks, 5-60 22 d. Frank 1941
Chicken chow min,-25.50 Inoo. 12•8x1O5 /gm,.Recov. Gunderson 1948

4.8xi0 /gm, 270 d.
Oysters 10 d. Herdman 1899
Shell oysters, 5-80, 3 strains 21-24 d. Jordan 1925

floated I hr. in son
water to which typhoid
is added

Oysters, 10C and -2.8 to

14.40 15 d. Kinyoun 1925
Oysters, wet Inoo. 160,000,000, Reco Klien 1905

320, do
"dry Ino. 10,000000; "

1220, 7 do
"wet, infected Inoe. 744,000/cc; "

wbar 44; 6 d,
Oysters, dry, infected Inoo. 744,000/oc; Recyv

by water 90- 9 d.
Oysters, eteri3i sea Inoo. 2,250,000; Reeov.

water, wet 105; 3 d.
Oysters, sterile sea Inoo. 2 250000; Recov. "

water, dry 714; 4 d.
Cockles in sea water Inoo. million/cc "
Mussels " " ,170,000/c"h * Oysters 7-11 d.
Sausase,4 d. drying 13 d. Mueller-Claus

1938

Nil-



TABLE . (CONT'D) THE SURVIVAL OF SALMONELLA SPECIES IN FOOD

Factor(s) Survival Reference

MEAT (cent I d)
So typhosa

Sausage, 35C 24 hr. Maurel 1910
Tuna, -3 to 22.5C Inoe. 3371 g, Recov. 0, Tetsumoto 1930

39 d.
Mackeral, -3 to 22.5C Inoo. 3435 g,

38 d.
Cuttle fish, -3 to 22.5C fnoc. 3399 g, o " a

40 d.
Oyster# -3 to 22.5C Inoc. 3262 g,45 d.
Sea cucumber, -3 to 22.5C Inoo. 3413 g, o " a

31 d.
Tuna, 22.5 - 310 Inoc. 3498g, g

22 d.
Mackeral, 22.5 - 31C Inoc. 3391 g,

20 d.
Cuttle fish, 22.5 - 31C noc. 34U g, " '

22 d.
Oyster, 22,5 - 31 C Inoc. 3365 g, o a

24 d.
Sea cucumber, 22.5 - 31C fnoe. 3415 g, if "

20 d.
Shucked oysters, 98F fnlo. 74,000,000/cc; Tonney 1925

Recov. 0, 1 d.
"70F Inoo. 74,000,000/cc;

Recov. O, 4 d.
" " 45 F noc. 74,O00,OO0jcc; a a

Recov. 0, 22 d.
Shell fish --- T & w 1946

SAUCES

8. s 1w.Salad dressing, 37C, pH 2 hr. lWethington 19503.8o o.-48% acid
Mayonnaise* 370, pH 3.2p

"ayonn"ise, with egg yolk, 18 .r
0.51% acids pH 4.0 fresa

Mayonnaise$ with egg yolk, 12 hr.
0.51% acids pH 4.0,emulsol

Salad dressing, with egg 8 hr,
yolk# 1.20racid, pH
3.30, fresh

Salad dressing, with egg I hr.
yolk, 1.20% acid, pH
3.30, emulsol

Salad dressing, pH 4.4, 144 hr.
0.4% acid

Mayonnaise, pH 5.0, M5% 144 hr.
acid

I



TAMLE (CONT'D) THE SURVIVAL OF SALMONELLA SPECIES IN FOOD

Factor(s) Survival Reference

CEREAL

t of rye broad, R.T. 6 mo. Baohmam 1943
S. tlzhosa

Bread, after baking, R.T. 3 hr. (same results who Alves 1935
smeared with focal
auspn.)

Crust of rye bread, R.T. U MOO. Bachmann 1943
VEGETABLES

S. enteritidis
Corn and spinach 3 yr. Dole 1930
Canned peas 200 d.
Spinach, 20C and 6-9C 7 d. Koser 1922
String beans, 200 and 6- 7 d.
90

Corn, pH 6.2-6.0, 20C and 7 d.
6-9c

Peas, pH 5.8-6.0, 20C and 7 d.
6-9c and 370

S. tyhpmurium
Canned spinach 3 yr. Dole 1930
Corn, R.T. Inoo. 700,000/cc; 100 d. o
Canned peas 200 d. if

SGreen veg., R.T. 3-7 wk. Felsenfield 1945
refrigerator 5-11 wk. ,

Peas, -90, sharp frozen Inoo. 14.55; Recov. 0, Hartsell 1951
9 wk.

S. pullorum

Green veg., R.T. 4-8 wk. Felsenfield 1945
Onions Not considerable time

S. sp. (Type Oranienburg)
Green veg., H. To 2-7 wk. "*

refrigerator 5-10 wk.
Peas, -90, sharp frozen Inoc. 28.45x, RecoQv. 0,

at -250 0.273x, 12 wk. Hartsell 1951
S. ap. (Type Montevided)

Green veg., refrigerator -10 wk. Felsenfield 1945
R.T. 2-7 wk.

S.t• hosa
Green washed herbs Several days Anon. 1923Lettuce saldd,, washed at An many at 12 hr* as at Ceredt. 1929

1-6-12 hr. after infect- one
ad with typhd

Green veg., R.T. 25 d. Creel 1912
"exposed to 31 d.

rain and sun part of
day

Green veg., exposed all 0 d.
day

Peas, -90, sharp frozen Inoo. 33.4I06; Reoov. Hartsell 1951
at-25C 0.124xl0°; 12 wk.



TABLE L (CONT, D) THE SURVIVAL OF SALMONELLA SPECIES IN FOOD

Factor(s) Survival Reference

VEGETABLES (cont' d)
S. Wyhosa

Mushrooms 4-5 wk. Hesse 1889
Plants 3-5 d. Lominsky 1890
Radishes, grown in con- s-37 d. Melick. 1917

taminated soil
Lettuce, grown in con- -.-21 d.

taminated soil
Cabbage, 8oc, water 10 sec. Omryoji 1931
Carrots, 80C, shaken in 5 sec. -

water
Soy bean sauce, pH acid, Inoc. 1 loop, -s-2. hr. Wang 1945

25-17C
Soy bean sauce, pH c2 " •2 hr.

36-380
FRUITS

So Raratyphi B
watermelon 120 hr. Bh&t 1948
Sliced sweet strawberries 1 mo. McCleskey 1941

18c
Cherries, -17.8 and -400 2-3 mo. Wallace 1933
Cherry juice, -17.8 and 4 wk.

-40c
SS . paratyphi types

Orange juice, -40 170 hr. Beard 1932
Sliced sweet strawberries Not recovered McCleskey 1941

-1c
Orange juice, -4c, pH 3.5 96 hr. Beard 1932

S. enteritidis
Tomatoes, 20C0 and 6-90 7 d. Koser 1922

S. typhimurium
Sliced sweet strawberries Inoo. 500/gm., 6 mo. Mc~leskey 1941

-180
Cherries, -17.8 and -400 2-3 mo. Wallace 1933
Cherry juices, -17.8 and 4 wk.

-400
S. tzphosa

"3Siced sweetened straw- Inoo. 500/gm., 6 mo. Mclesokey 1941
berries, -180

Uncut sweet strawberries 14 me. "
Pears,=" 80C, water > 1 min. Ommyoji 1931
Surface of dates 68 d. Smeall 1932
Cherry Julces -l4C Inoo. artificial, 2 wk. Tanner 1931"ce 60 - 5 MC.

"-17.8 and - wk. Wallace 1933-40cCherries, -17.8 and -40C 2-3 mo-

Orange Juices -"4, pH 3.5 170 hr. Beard 1932SBEVERAGES
S. typhosa

beer, 22-37C 1-3 do. Humesch 1949
5 C 38 d.
with paratyphoid 5-10 wk. "



TABLE (CONTID) THE SURVIVAL OF SALMONELLA SPECIES IN FOOD

Factor(s) Survival Reference

BEVERAGES (cont'd)
S. typhosa

Beer, .086A alcohol, 4 d. SerpaSantos 1939
1.79% acid

Wines 1 hr.

Beer,2237C, with para- 1-3 d. Humpesoh 1949
typhoid

Beer, natural with para- 5-10 wk.
typhoid

Carbon dioxide drinks Effect of CO2 greatest Koser 1922
at 19-23C

Red wine, 15C, 4.90% Inoo. 2 drops, 2 hr. Sabrazes 1907
sulphuric acid

White wine, 17-18C, 5% 1 hr.
acid

Coerona, 11-18C ..... # " min. UGENERAL
S. sp.

Anaerobic sludge used for 7 d. Wolman 1924
fertilizer

P



TABLE C, THE SURVIVAL OF SHIGELLA SPECIES IN FOOD

Factor(s) Survival Reference

MILK
Sh. dysenteriae

Fresh milk, 7-10c 18-27 d. Pfuhl 1902
Milk, pH 4.8-4.9 53 d. Wilson 19145

Sb. parady senteria. (Flexne!) ,
Milk, pH 4.5-4.7 53 d.

Sh. paradysenteriae
Sterile milk, 17-20C Until it dries up Frost 1905
Milk, R.T.. acid 0.8 3 d. Marsh 1918

MILE PRODIC-TS
Sh. dysenteriae

Buttermilk 15 d. Stever 1941
Butter 18 d. Berry 1927
Curds Do not survive Bhat 19U9
Fresh butter Inoc. agar cult. ground Pfuhl 1902

in agar mortar
Gervais cheese Inoo. agar cult., 9 d.
Sweet andsour milk curds, Inoc. 4 drops of cult. Panja 1945

pH 14.2-4.7 fleeov. 0, e4 hr.
Sh. paradysenteriae

Curds Do not survive Bhat 1949
Buttermilk 15 d. Stever 1941

EGGS
S Sh. paradysenteriae

Albumin balls, 17-20C 1 d. or 1 mo. Frost 1905
Frozen eggs. -9C 3 mo. Hartsell 1951MEAT

Sh. dysenteriae
Bacon and sausage. R.T. >3 wk. Buchangn 1918

C•EALS Bcmn 94
Sh. dysenteriae

Bread after baking, R.T. 30 hr A 1935
Crust 17of r broad 20 dh alive Bachmard 1943a" R.T. 66 d. dead ff

Breadv rice, 17-20C 1 d. or 1 mo. Frost 1905
"" R.T.1 d. Stanley 1930Sh. Paradysenteriae (Flexne )

Crs frebod . 23 d. alive Bachmann 19413
-2C-5 to 45 d.

Sh. parad~senteriae ýSonne)!
SCrust of rye broad Over gro wn with spores ,

i• VEGETABLES
S h. dysenteriae

• Soy bean-sauoe, 25-17C Inoc. 1 loop, >24 hr. Wan.g 1945

• FRUITS
•- She dysenteriae

orange juice, -40C 170 hr. Beard 1932
Sh paradysenteriae (Sonne)

9:Tomato surface 48 hr- Johnston 1935



TABLE Y (CONT'D) THE SURVIVAL OF SHIGELLA SPECIES IN FOOD

Factor(s) Survival Referenoe

FRUITS (cont d)
Shs. paradysenteriae .3Sonne)

Tomato tissue 10-d. Johnston 1935
"Inoo. artifioial, 6 d.

Apple 8 d.

S



TABLE L THE SURVIVAL OF STREPTOCOCCUS SPECIES IN FOOD

Factor(s) Survival Reference

MILK
Streptococcus cremoris

Sterilized milk, 30C 2 d. Mattick 1946
Streptococcus feealis

Milk, 62.d and 37r Young cells more resis- Stark 1929
tent than maturestregtococous aDD.

Milks 110C Recov. 4 hr. Belin 1933
Milk, ice box 17 d. Berry 19:7
Sour milk, 300 48 hr. Davis 1914
Dried milk The lower the humidity Watts 1965

the longer the sur-
vival

Cultures 55:
Milk of resistant cow Inoe. 6336, Recov. 9185,'McCullough 1945

8 hr.
Boiled milk of resistan Inoe. 7260, Recov?'20160

cow 8 hr.
Milk of young cow early Inoc. 5356, Recov. 22464

in first lactation 8 hr.
period

•oiled milk of same 4ow Inoo. 5068, Reoov>36992-8 hr.
£ Freshly isolated strains:

Milk of resistant cow Inoe 7168, Recov. 41320
8 hr.

Boiled milk of resistan Inoc. 7296, " >16588 a "
cow 8 hr.

Raw milk of young cow Inoc. 1344, Recov. 19120
early In first laota- 8 hr.
tion

Boiled milk of same cow Inco 1197, Recov.)30538 a a
____ ____ ____ ____ ____ ___ 8 hr. _ _ _ _ _ _ _ _

DAIRY PRODCTS
Streptococcus pyogenes

Butter 17 d. Berry 1927
Limburger cheese, mois- 28-51 d. Yale 1940

ture content 42.8
Limburger cheese, mois- 9-14 d. a "

ture content 49.3
Cheddar cheese, cured at >18 wk. a ,

45F
Cottage cheese, low temp. Not recovered a U

Streptococcus recalls
Cheddar cheese, 50? Inoc. 300/mlf Recov. llz Kosikowsky 1948

100 /ml,. 160 d.
" 60F Inoc; 300/ml, Recov. 13x a

10 /m1, 180 d.
Streptococcus apP.

Butter, from infected cow 6 m. Bryan 1944
saltedi i Butter, from infected cow 6 mo. "unsalted



TABLE • (CONTtD) THE SURVIVAL OF STREPTOCOCCUS SPECIES IN FOOD

Factor(s) Survival Reference

DAIRY PRODUCTS (coontd)
Streptococcus appe

Ice orlm 18 d. Davis 1914
"at 20C o growth "
" 26c Growth in 20 hr.

" refrigerator Inoo.ý5, Recov. 12 hr. Pennington 1907349695 orgE.
"U " R. T. Inoo. 70, Reov. 34#,491,

12 hr.
"incubator Inoe. 18, Reoov. 8584.4 4

EGGS _ _ __ _ _ __ _ __ _ _ 12. hr._ _ _ _ _ _ _ _

Streptoooecus 8pp.
_ BAR _wite, _0_ R ecov. 6, 4 hr. Belin 1933

Streptoooccus pyogenes
Sausage, 4 d. drying 3 d. Mueller-Claus

1938
Lobster meat May remain alive in sala4 Scamman 1927

a considerable time
Streptococcus viridans

Potted meat Inoc. 30-5000/gmm. meat,
Recov. 30xl0 orgo 60d.Surgella 19-45

VEGETABLES
Streptococcus fecalis

Veg., -20C Recov. 89% out of 70 in Burton 1949
1 yr.

UNIo



TABLE F-WZJ THE SURVIVAL OF VIBRIO SPECIES IN FOOD

Factor(s) Survival Reference

MILK
Vibrio comma

Milk, R.T. 11-63 hr. Alessandrini -
"0 37C 6-8-hr. "
":d boiled and uncover- 5-8 d.ed

Sour milk and cream Lethal effect Grattan 1939
Milk, 7-22C 6 d. Heim 1889
Sterile milk, 220 6-9 hr. Lazarus 1890

"a 'a 35C 12-24 hr.
"62-70c 1 d. "

DAIRY PRoUCTS
Xibrio comma

Curds Do not survive Bhmt 1949
Cheese 8-15 hr. Genevray 1938
Butter, R.T. 21 d. Grattan 19M9

S37.5c 32 d. Heim 1889
Curds, 35C, weakly acid 0 d. 'a

'whey, 350, " 2d. 2 a
Cheese, 35C 1 d. " a
Cheese 4"5 wk. Hesse 1889
Butter (English), 150 ?38 d. Pullinger 1938

" 3C >98 d.
Sweet and sour curds, Inoe. 4 drops cult., Pan a 1945

PH '.2-4.7 Recov. 0. 5 min.EGGS
Vibrio comma

Salted salmon eggs, 23- Inoc. 0.1cc., Recov. 0, Tetsumoto 1930
33C 2 d.

Grey mullet eggs, 23-33C Inoc. 0.1cc., p ' a "
3 d.

Cod eggs, 23-33C Inoc. 0.1cc., Recov. 0, Of
>8 d.

Salted sea-urchin eggs, Inoo. 0.1cco., Recov. 0,
23--C. 12 hr.

MEAT
Vibrio comma

Fish cooed in acid 4d. Arguelles 1927
"a boiled in salt water6d. k do
" washings <1 d

Sterile fish washings 6 d.
"0 extract 125 d.

Salted fish cooked 1 d.
'a 'a uncooked <1 d. o "

Uncooked small srimp 6 d. ' "
Cooked W 0 44. d "
Fresh cattle, blood sau- 45 wk. Hesse 1889

sage, ham broth
Meat Well Lal 1926
Fat Poor ' '

Salmon skin 22.5-330 18 hr. Tetsumoto 1930
'a ventral, 22.5-330 18 hr. " '

" flesh, 22.5-33C 18 hr.



TABLE • (CONT'D) THE SURVIVAL OF VIBRIO SPECIES IN FOOD

Factor(s) Survival Reference

MEkT (Coflt'd)
Vibrio comma

Salmon sain (ster.), 23- 26 hr. Tetsauoto 1930
33C

Salmon ventral flesh (stes 19 hr.
22.5-33C to

Salmon flesh (ster.), 20 hr.
22.5-33C to

Trout skin, 22.5-33C 26 hr.
"to ventral flesh, 22.5
33C 18 hr.

Trout flesh, 22.5-33C 18 hr.
"0 skin (ster.), 22.5- 25 hr. " t

33C i of
Trout flesh (ster.), 22.5 18 hr.

330
Aramahi salmon skin, 22.5 38 hr.

33C
Aramahi salmon flesh, 26 hr. if

22.5-33C
Cod, 22.5-33C 8 hr.
Ham, 1 26 hr. to

Yellow fish skin, 22,4- 27 hr. to
S33C11o

Yellow fish flesh, 22.5- 27 hr.
330

Maekeral skin, 22.5-33C 27 hr. "
" flesh, t " 25 hr. " o

"pike, " " 26 hr. of

Sardine, 22.5-330 25 hr. Ni
Sea bream skins 22.5-330 38 hr.

. flesh, " o 32h. "hr
Horse mackeral, " 38 hr.
Flying fish 38 hr. to
Bacon 40 hr. "t
Tuna 2 d. "
Sword fish 3 d. N i

Trout 2 d. " i

Shrimp 3 d. " N

Salted cod, 16-27.5C Recov. 0, 12 hr.
"9 salmon, 16-27.50 " 36 hr. "

Aramahi salmon flesh, 16- ' " 25-40 hr. - "
27.50

Mackeral, 16-27.50 " " " " '9 '
Sardine, t if ,, a - - ,
Flying fish ' . 9 . t i
Sardine (oiled), 19-34.50 Inoc. 0.1cc, Recov. 0, O p

33 d.
(tomato), " ' Inoo. 0.1cc, Reoov. 0, to

31 d.
"t (yamatoni), 19- Inoo. 0.1co, Recov. 0, to to

34.5 C 20 d.



TABLE A'- (CONTID) THE SURVIVAL OF VIBRIO SPECIES IN FOOD

Factor(s) Survival Reference
MEAT (c ont 'd)

Vibjo comma
Bolno(T-Yamatoni), 19- Inoo. O.icc, Recov. 0, Tetsumoto 1930

35.5c 6 d.
Salmon, 19-34-9.' Inoo. 0.1cc, Recov. 0,

27 d.
Vhitebait,, 19- 34,5O0 Inoo. 0.1cc, Recov. 0,

19 d.
Crab, 19-34.50 Inoc. O.Ico, Recov. O, if

18 d.
Shrimp, 19-34.5C Inoc. 0.occ, Recov. 0,

13 d.
Sea-ear, 19-34,5C Inoc. 0.1cc, Recov. 0, "

25d.
Scallop, " " Ino. 0.1cc, Recov. 0, "

22 d.
Beef yamatoni, 19-34.5C Inoc. 0.1cc, Recov. 0,"

12 d.
Cuttle fish, 22.5-27.5C Inoo. 0.1cc, Recov. 0,

5 hr.
Fukujinzuke, 19-34.50 Inoc. 0.1cc, Recov. 0,

6 hr.
Control in saline, 19- Inoc. O.1cc, Recov. 0,

34.5c 6 d.
Fish, 5C-13C, natural 8 d. - 2 wks Tohyama 1925

oysters and clams,
22C, ster. with steam

Oysters and clams, 0-5C 40 d.
Fish meat, 80C 2 min. "

i 700 3 min.
"l" ' 600 7.5 min. e
" " hottest day 7-10 d. " "
"M"3 -8C 2 wk, "_"

Vibrio comma
Nudn-mam sauce 6 hr. Genevray 1938
Srimp past 6 hr. if

Fermented soy sauce c1 hr. if

Soy bean sauce, 25-17C Inoo. 1 loop, Recov. 0, Wang 1945
>24 hr.

36-38C Inoc. I loop, Recov. 0,• 42• hr.
CEREAL

Vibrio comma
Soy bean milk 8-15 hr. Genevraj 1938

VEGETABLES
Vibrio comma

Potatoes 4-5 wk. Hesse 1889
* Veg. Well Lal 1926

FRUITSI Vibrio comma
Watermelon, pE 4.7 4 d. Bharucha 1938



TABLE • (CONTID) THE SURVIVAL OF VIBRIO SPECIES IN FOOD

Factor(s) Survival Reference

FRUITS (oont'd)
Vibrio comma

Watermelon Inoo. artificial, 6 d. Bharucha 1938Grapes 4 d. Dobrosklonsky
1911Berries (inside) 24 hr. " "Grape stems 12 d.

Grapes (inside) 24 hr. If
Fresh lime, PH 4.4 30 min. PanJa 19L5

GENERAL
VSibrio corma

Human food 6 d. Vasquet-Colet
Vibrio s1924SkimIk, frozen, dried 681 d. Stockton 1950

at 100m. press.

. I



TABLE E4 THE SURVIVAL OF VIRUS IN FOOD

Faotor(s) Survival Reference

MILK
Polio virus

-ilk Polio virus can stand Lawson 19V7
more heat in milk
thin water

Foot and mouth disease viru
Milk Present Jansen i92

DAIRY PRODUCTS
Polio virus
B utter ice box 91 d. Kling 1931

EGGS
Newcastle disease virus

Ea, 36C, incubator uO to 126 d. 0lesiuk 1951
R.T., 20-30C " 235 d.
"hen house, 36C 255 d.
"ice bow, 3-6C 538 d. "

Foul-pox virus
Chicken eggs, in dry stat Active at 3593 d. Beaudette 1948
Duck eggs, " " 1928 d.

Pigeon-pox virus
Chicken eggs, , " " 0 3605 d.
Duck eggs, 1099 d.

J!2. B encephalitis virus
••S. ,6 . Moran 1246

MEAT
Foot and mouth disease viru

Beef, -a0C, thawed in 4 mo. Henderson 1948
buff. phosphate soln.
at 370

Beef. -4C 24 hr.
CEREAL
Foot and mouth disease virus

Chopped hay, R. T. 15 wk. Anon. 1927
Bran, R. T. 20 wk.
Hay and bran, dried 15-20 wk. Burbury 1928
Hay (saliva on it) ;Il mo. Krueger 1942

N. d. virus
Mash; iff-5.5, 370 56 d. Olesiuk 1951

"~' 20-30C 94 d.
" " ii-36C 172 d.
" " 3-6C and >538 d.

-260
MRITS

Polio virus
Unwashed fruits and veg. Present --- Gebhart 1946

~FI



TABLE _ THE SURVIVAL OF YEAST AND MOLD IN FOOD

Factor(s) Survival Reference

MILK
Yeast
"R , -21 to -780 Inoe. 100,000/ml., more Lund -

resistant to freezing
____ ____ ___ ____ ____ ___ than thawing _ _ _ _ _ _ _

DAIRY PRODUCTS
Mold

X-a-rgarine Viable 42% Foltz 1951
Yeast! -' garine " lj6% __________

VEGETABLES
Mold

-eVg., frozen 90% killed Magoon 1932
below freezing 16 no. Tanner 1931

Yeast
Va.• frozen 909 killed Magoon 1932

F•UITS
Mold

Fruit juices, -23.3C 3 yr. Tanner 1934.
Good oranges, 173C Inoc. 10,900/cc, Reoov. Wolford 194

2, 6 00/0o, 7 moo
Soft rotten oranges, 17,9 Inoo. 26,500,000/cc,

Recov. 990,000/cc,8 moC Strawberries, -9.40, seal 3 yr. Smart 1934
ed tins

Yeast
=o- d oranges, 17.8C Inoc. 10,900/cc, Recov. Wolford 1948

2,600/cc, 7 mo.
Soft rotten oranges, Inoe. 26,5OO,000/oc,

17.80 Recov. 990,000/cc,8 mo"
Grape juice, freezing 18 wk. Tanner 194
Strawberries, -9.40, seal 3 yr. Smart 1934

ed tins . . ....
BEVERAGES

SYvast M l e s1 7Beer, freezing Cells remain active Melsens 1870
Beer, 15 yr. Tanner 194i.

GENETIAL
Yeast
fo •d, -9.4C 3-15 mo. Smart 1936
Syrup, very dry condition Several wk. Owen 1948

isolated from acid syrup

Jo
5!
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SUMMARY OF ABBREVIATIONTS USED IN TABLES A

elk. alkaline
avg. average
C, Degrees centigrade
Col. Colonies
oonc• conce ntration
oont'd, cont• continuedat. count

oult. culture
de, do., das. day or days
Dessle. Desiccate
dii. dilution
P. Degrees fahrenhealt
fl. fluid
G.P. Guinea pig
gel. Gelatin
h.op hrs. hour or hours
ine. incre ase

Inoo., Innoc. Inoculate
irrad. irradiated
Zag. Liz'ige
maze* maximum
med. medium
met.• me thy!

min, minute or minutes
morno months

* mult. multiplied
Ot-g 0 o~fani am

path. pethognoic
physiol. physiological
ppm. parts per million
ppt- pro dipitate
R.H. Relative humidity
R.T. Room temperature
Recov. Recovered
rofrig • refrigoration
sea* second
sensit. sonsi tia atlon
soln., sol'n so2.ution
app • species
stro strain
susp., susp'n suspension
T.B•, tb tuberculosis
tamp, temperature
UoV., Uovo, UV Ultra violet
wks. weeks
I time s• , yro. yerr or yeakrs

greater then

less than
p-esant; plus

*0 none
. Pminus



TH-E PERSISTIQVITE (SURVIVAL) Clii ORGA1413DS IN INSECTS

* ~TABLE T 'ABLE OF C~ONTENThTS AE

i. bacill~us species 2

127oz'rolta specios 2

13 Br'ucell a spc.cios 1

114. clmotridiuni species 1

Co.i form o?'gRnisyls (E'snherichia$

Paracolobi~otrurn and Aerobacter) 2

16 enorynnhbn'tertumn species 1

V7 D111loc'onoms qYv10 Str'eptococcus

species1

18 Fungi, Yensts nnd 1Yolds1

19 la1leoo!yccos rnallei1

110 Finoceopois spenies 2

SIll 2-c~o$~msh

112 ?Fycobs'.teri~urn ct~rofi(s 2

113 PPn;teurD11.a species 3

1111 Pr~otuzoa raid Noita~oa 7

116 Sa~rnonalla spucies

117 Wi '1 1 l.~ nSpec ios 1

:E18 Spiroohstes 1

11c) Vibrio spec los 1

120 IfitrnsC's 7

wEif~erences (1Ii)22

Abbrelvtatioins 1



TABLE tA. THE SURVIVAL OF BACILLUS SPECIES IN IfCTS

0 Factor(s) Survival Reference

BEDBUGS
B. anthracis

Stomach
13-17C exgtl, 48-96 hr.
37C 24-48 hr.

Feces 1st 24 hr. after
of bedbugs feeding Nuttall 1899

Feces present
of Dermestes vunlpinus Proust 1894

BEETLES 1..Be anthraas
Intest in7l tract present

of Blaps mucronata
Tentyria sp.
Pimelia bifurcata

" sardea Cao 1898
Surface present
Feces

of Ptinus sp.
Attarenuis pellio
Anthrenus museorum Matheson 1950

COCKROAPHES
B. anthracis

Intestinal tract present
of Blatta orientalis Cao 1898

Feces present
of Blatta orientalis Kuster 1902B..subtilis z•

Feces present

m of Blaberus cranifer %'edberg 1949
B. cereus k- ...

ir%,Bl aberus crnnifer presont Wedberg 1949FLIES
B. anthracis

Stomach present; transmitted
Intestines "

of flies Bollinger 1874
Intestinal tract *suzqived through life

of Musca domestica cycle and 9 d after
Calliphora vomitoria mAturity
Lucilia caesar
Sarcophaga carnaria Cao 1906

in Calliphora erythroceph- survived through life
ala I cycle an 15d after

Lucilia caegar maturity Matheson 1950
in Tabanus striatus exptl; present; trans-

mitted Mitzmain 1914
Out present; transmitted

tor, ri iP-.Schuberg 1912

-• •,.•.••,.•, • , ,,••-•,,• •A••,.• - w•.j . - -, - - -.--• •: ,;f'o• L • , I. ." "• • • .U••'• • -• • ••:J • •" ' ' -. -'•• : • .,



TABLE L (CONT'D) THE SURVIVAL OF BACILLUS SPECIES IN INSECTS

Factor(s) Survival Reference

FLIES (cont'd)
B. anthracis (oont'd)

in Musca domestica exptl; present; trans-
Calliphora erythroceph- mitted

ala
Feces exptl; present; not

ol Stom?ýys cýnloitrans transmitted; 72 hr. Sen 1944
B. "oereus :%. -

Feces present
of Musca domestica Hawley 1951

B. megatherium
Feces present

of Musca domestica Hawley ,1951
TICKS

B. anthracis
in Argas persicus present; transmitted Delpy 1937
Intestines indefinitely
Feces at least 100 d

of Argas persicus Hindle 1925
Intestines 24 hr.

of Boophilus decoloratus Martinaglia 1932

0

0.



TABLE ._ THE SURVIVAL OF BORRELIA SPECIES IN INSECTS-

SFactor(s) ' Survival Reference

BEDBUGS
B. recurrentis

in:Cimex lectularis exptl; present; not able
to transmit by bite Francis 1938

in Cimex lectularis exptl; present; not able
to transmit by bite Rosenholz 1927

LICE
B. recurrentis

Tissues life of louse(19 d or
of Pediculus corporis more) Chung 1936

in monkey louse - Pedici- expt!; present; not able
nus longiceps to transmit Francis 1938

Gut, ovaries, testis and
malpighian tubules present
of')ediculus capitis and
corporis Mackie 1907

*lice exptl; present; 18 d Wolman 1945
B._gersica

•sues present; transmitted
of Pediculus corporis Adler 1942

REDUWIDS
B.o duttonii

Il~testinal tract exptl; present; 6 d
S . m rf Tristoma infestans Liem 1941

TICKS.
B. recurren'is

in Ornithodoros turicata present; transmitted Burroughs 1944
Starved 5 Yr. after an

infectives)meal exptl; 5 yr.; trans-
mitted

I meal in 6j yr. exptl; 61 yr.; trans-
in Ornithodoros turicata mitted Francis 1938

in Ornithodoros tholozani present; transmitted 4eibles 1948
in papillipes Pavlovskii 1945
in tholozani Pavlovskii 1946
in papillipes exptl; 134 d; trans-

"tartalmvskyi mitted Sofiev 1946
in moubata present; transmitted

"if savlgnyi
"I talaje

"rudis
"turicata
"hermsi
"parkeri
"erraticus
"tholozani

"tartakovskyi
"nerensis Steinhaus 1947

in turicata present; transmitted Weller 1930
in " tur~cata present; transmitted Wisseman 1945



TABL5k "2(CONT'D) THE SURVIVAL OF BORRELIA SPECIES IN INSECTS

Factor(s) Survival Reference

TICKS(conttd)
B. duttonij

in 0rnithodoros moubata present; transmitted Dutton 1905
in " present Rose 1904

B. duttonili var. crocidurae
in Ornithodorros erraticus present; transmitted Boiron 1949

B, hispanica
in Ornithodoros erraticus present; transmitted Boiron 1948
in Rhipicephalus sanguin-

eus exptl; present Seargent 1938
B& anserina

in Ar§as persicus
reflexus

Ornithodoros moubata Present; transmitted Steinhaus 1947
B. theileri

in Margaropus decoloratus
Rhipicephalus evertsi present; transmitted Steinhaus 1947

S



TABLE •4 3 THE SURVIVAL OF BRUCELLA SPECIES IN INSECTS

Factor(s) Survival Reference

BEDBUGS
Brucella spp.

Feces >3 rmos.; not trans-
of bedbugs mitted by bite Tovar 1941

COKOACHES
B. abortus

Intestinal tract 24 hrs.
of Periplaneta americana Ruhland 191FLEAS

Brucella spp.
Feces present; not transmitted

of fleas by bite Tovar 1947

M-abortus
in f7es 24 hre. Patton 1931
Intestinal tract )96 hrs. Ruhland 1941

TICKS
Brucella spp.

F7-ces >3 moo.; transmitted by
of ticks bite and transmitted

to eggs and larvae Tovar 1947

S



TABLE ~~ THE SURVIVAL CLOSTRIDIUMh SPECIES IN INSECTS

6Factor(s) Survival Reference

BEETLEIS
C. ~tetani

Feces3 present
of Blaps miucrunata

Tentyria sp.
Pirnelia bifurcata

ý t sardea Cao 1906
C. chauvoei

Feces present
of ]3Japs niucronata

Tentyria sp.
Pimelia bifurcata S.N"

to sardea Cao ,-tr 1898
C. -sporogene a
Feces e". present

of Blaps niucronata
Tentyria sp.
Pirnelia bifuresta

!I sardea _____________Cao 1898
COCKROACHES
C, tetani

Feces present
of 13latta orientalis Cao 1906

0ee present
of Blatta orientalis Cao !.ýZo 1898

C. chauvoei -4AO
Feces present

of Blatta orientalis Cao 1898



TABLE THE SURVIVAL OF COLIFORM ORGANISMS IN INSECTS
(ESCHERICHIA, PARACOLOBACTRUM & AEROBACTER)

Factor(s) Survival Reference

BEETLES
E. coli

Feces present
of Blaps mucronata

•entyria sp.
Pinelia bifurcata

"ssrdea Cao 1898
COCKROA S "ES

E. coli
Feces present

of Blatta orientalis Cao 1898
Legs and feces present

of Blatta orientalis Longfellow 1913
Intestinal tract present

of Blattella gernanica Steinhaus 1941
E. coli var. communior

Feces present
of Blaberus cranifer Wedberg 1949

E.freundii
Feces present

of Blaberus cranifer Wedberg 1949
E. sai. -

Hindgut present; transmitted
e Periplaneta americana Bitter 1949~Paracolobactrum SP.*

Hindgut tpresent; transmitted
of Periplaneta americana " Bitter 1949

Feces present
of Blaberus cranifer Wedberg 1949

A. aerogenes
Feces present

of Blaberus cranifer Wedberg 1949
in cockroaches present Morrell 1911

A. cloacae
in cockroaches present Morrell 1911A* SP a

"Tindgut present; tr~smitted i
of Periplaneta americana. Bitter 19k9

E. col.
Feces present

of Yusca domestica
Calliphora vomitoria
Luoeilia caesar
Sarcophaga carnaria Gao 1898

Intestines present
of Musca domestica Cox 1912

Body Inoo; fed a suspension
Boyof 12,000-48,000

organisms
Recov: multiplied in

body
Fe c04 present

0 offlies . Hawley 1948



r

TABLE _ (CONTID) THE SURVIVAL OF COLIPORN ORGANISMS IN INSECTS
"(EsCOTERICIIIA, PARAOOLOBACtRUM & AEROBACTER)

SFactor(s) Survival Reference

FLIES (cont'd)
Eo coli (cont'd)

Feces Inoo: 12,000-900,000
of Musca domestics bacteria

Recov: 1st d - 10-10,00
6th d - 1-

200,000,0000 Hawley 1951
Intestines present

of Yusca domestics Nicoll 1911
Intestines present

of Yusca domestica Scott 1917
Intestines present

of Nusca domestics Torrey 1912
E. coli var. communior

Intestines present
of Musca domestics Torrey 1912

Intestines present
of Muses domestics Scott 1917

E. coli var. acidilactici
Intestines present

of Musca domestics jTorrey 1912
Intestines present

"of Nusca domestics Cox 1912
.E..poli var. neopolitana

Intestines present
of Musca domestica Cox 1912

E. coli var. mutabilis
Intestine s present

of Muses domestics Nicoll 1911
A. aerog~ene s

External Sanitary areas of city:
21,000-100,00/fly

Unsanitary areas of city
8oo,000-500,o00,000/
fly

Internal Sni gry areas of city:

of Vusca domestisa I j 0ov/ y
Unsanitts, areas of city.:

1OO00-533,000,O00/fly.Cox 1912
S'• .'? .. .. " : f : es ent

~'e ent-Hawley 1951

of Ynsca domestics .o .1

Intestinal tract pVr nt k . 1of Nusca domestics Torre• 1912
Colon group

Internally and externally fRecov: 100,000 human
of Musca domestics faecal bacteria in a i

single fly ,Graham-Smith 1 90,

*!



TABLE THE SURVIVAL OF CORYNEBACTERIUM SPECIES IN! INSECTS

Factor(s) Survival Reference

BEETLES
C. pseudodiphthericum

Intestinal tract presentTentyria sp.
Blaps mucronata

Pimelia bifurcata
" sardea Cao 1898

OCKROACHES ]
C. pseudodiphthericum

Intestinal tract present

of Blatta orientalis Cao 1898
C. diphtheriae

Legs and feces present
of Blata orientalis Longfellow 1913

FLIES
C. diphtheriae

Legs and wing-s 4ý exptl; few hrso
Intestines > 24 hrs.
Feces " 51 hrs.

of Musca dorestica 1A
Calliphora erythio'.

cephala Graham-Smith 1910
Intestinal tract exptl; 24 hrs.

of flies Graham-Smith 1913

:i

* *iI
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TABLE J~ 7 THE SURVIVAL OF DIPLOCOCCUS & S•EPTOCOCCUS SPECIES

IN INSECTS

S Factor(s) Survival Reference

COCKROACHES
Diplococcus pneurnoniae t *

Legs and feces present
of Blatta orientalis Longfellow 1913

Streptococcus faecalis
Alimentary tract present

of Blattella germanica Steinhaus 1941iFLEAS

Diplococcus pneuynoniae
Intestinal tract present

of fleas Pinto 1930
FLIES

Streptococcus faecalis
Intestinal tract present

of Musea domestica Cox 1912
Intestinal tract present

of Musca domestica Scott 1917
Intestinal tract present

of Musca domestica Torrey 1912
Streptococcus eQuinus

Intestinal tract present
of Musea dornestica Torrey 1912

"Streptococcus sp.
inflies present Schuberg 1914

Streptococcus pyo~enes
in Musca domestics present Scott 1917
Externally present

of flies Shooter 1944
Streptococcus asalactiae

in Musca domestica kesent Ewing 1942
in " "esent Saunders 1904

LICE_ _ _ __...
Diplococcus pneumoniae

F s 24 hrs.
___ediculus capitis Pierce 1921REDUVý . .. ý

Strmoccus faecalis
in Triatoma infestans present; transmitted Brecher 1944

;I

oi



TABLE 4 'THE SURVIVAL OF FUNGI, YEASTS & M~OLDS IN INSECTS

Factor(s) Survival Ref'erence

COCKROACHES
Rhizo~usr niR ricans
SaWhaom es erevisia
Actinor es sp.j

Y=asts

of Blaberus cranifer Wedberg 19I49
Torula rosea,(yeast)I
Fecesi exptl;

Of Wberus cranifer Irioc: massive doses
Recov: present

Torla6 d Wedberg 19lj9
In Periplaneta americana present; transmItted Owen 1948

A



TABLE 3 _ THE SURVIVAL 01P X4LEOMYCLS MALLEI IN INSECTS

A

Factor(s) Survival Reference

MB malle I *
Feces Tresent

of Blaps mucronata
Tentyria sp.
Pimelia aifurcata,

""rdea Cao 1898COCKROACHS " m'
M0 allei...

Feces present :-:19of Blatta orientalis Cao 1898 •

FLE•A
M. Pseudomallei

Body 50 d; transmitted
Feces present; transmitted

of Xenopsylla cheopis Blanc 1941
in rat fleas exptl; present; trans-.mitted Blanc 19L42

MOSQUITOES
M. ,pseudomallei .

in Aede egypti exptl; present; trans-
mitted Blanc 1942

.I

0i

~ I --. t~~aat&..S - -a.: A5.r.. ~ 4.F .~&-.....-S. - - .. *



TABLE t THE SURVIVAL OF MICROCOCCUS SPECIES IN INSECTS

Factor(s) Survival Reference

BEETLMS
M. A•bus

Intesinal. tract present
of Melolontha vulgaris Cao 1906

M. aureus
Intestinal tract present
--of Melolontha vulgaris Cao 1906

M. cjtreus
Intestinal tract present

of Melolontha vulgaris Cao I906
COCKROACHMES

M. albus
In Blattella germanica present Herms 1939
in Blaberus cranifer present Wedberg 1949

M, aureus
Antennae, feet and stomach present

of Blattella germanica Herms 1939
Legs and feces present

of Blatta orientalis Longfellow 1913
Feces present

of Blaberus cranifer Wedberg 194.9
M. citreus

Leg- s a fe(ds present
FLIES of Blatta orientalis Longfellow 1913

M. albus
Eternal. present
of flies Scott 1917

External present
of flies Torrey 1912

in tabanid flies present Joly 1898
M. aureus

Feces present
of Musca domestica Celli 1888

Feces present
of Musca domestics Hawley 1951

in tabanid flies present Joly 1898
Feet

of flies present Scott 1917
M. aureus. 611

Tut= 8 d
Feces 3-5 d Moorehead 1946

M. citreus
Body and feces survived throughlife

of flies cycle and 9 d after
maturity Scott 1917

Mo Sl-PP
in Musca domestica present Cox 1912

Sarcina lutesO Feces
of Musca domestics Dresent . Hawley 1951

LICE
.M. pemhigicontagiosa

in Pediculus Oapitis present; transmitted Dewevre 1892



TABLE t (CONT'D) THE SURVIVAL OF NICROCOCCUS SPECIES IN IN-SECTS -• ~ii

Factor(s) .Survival Reference

LICE (contd)
ein ediculus capitis. present Pierce 1921

MOSQUITOES ..
M. aureus

Gut at least 24 hr.; not
of Aedes egypti after 7 d St. John 1930

M. aureu s

in Argas reflexus present Galli-Valerio

1907

~1

*1

S- I



TABLN~qJj THE SURVIVAL OF MICROORGANISMS IN INSECTS

Factor( a) Survival Reference

Kiebsielle Pnuo~nflia*
Faces pre sent

of Blaps mucronata
Tentyria sp.
Pimelia bifurcata

.sardea ___________Cao 189811
COCKHOAChb~S
* KibsiellS Dmewuonige

' Faces present
* of Blatth orientalis Cao 1898
Proteus vulgris

Hndgt~ present; transmitted
of Periplaneta americana Bitter 19149

Legs and feces present
of Blatta orientalis Longfellow 191.3

Pe ceis pre sent
of Blaberus cranifer Wedberg 194~9

Proteus markanil

Endgutt r present; transmitted
of Periplaneta americans Bitter 1949

Pseidomogaeruin~osa

of Periplaneta samricana prsn;tasitd Bitter 149
Feces present

of Blaberus cranifer Wedberg 1949
Serratia marcescens

Feces exptl; duration of life
of Blaberus cranifer cI o roach Wedberg 1949

PIS
Neisseria gonorrboeae

Fe6et 3 hi's.
of flien Motheson 1950

NWaseria meningitidis(in-
tracellularis)
In flies present MacGregor 1917

Proteus vlgeris
fr.c..s present

of Mucsa domestica
Calliphors vomitoria
Lucilis caesar
Sarcophaga carnaria ~CCt 1906

in Muses domestics present SOt1917

7800-5 present
of Musca dpmestica Hawley 1951

in Muses domestics present Morgan 1909 A
Intestines present 1

of~ Musca domestica Nicoll 1911 1
inMuses domestics present Cox 1912



TABLN- (CONT'D) THE SURVIVAL OF MICROORGANISMS IN INSECTS

Factor Survival Reference

FLIES (cont'd)
Pseudomonas 4eruginosa

Intestinal tract survives through a-
of Musca domestics morphosis; tran'itted Bacot 1911

Feces present; survived
of Musca domestics through the life cycle

Calco.hora vomitoria
Lu a caesar
Sar •phaga carnaria Cao 1-98

Gut present
of Stomoxys calcitrans Duncan 1926

Intestinal tract present; survives
of flies through metamorphosis Ledingham 1911

Pswidomonas sp.
rFeabs present

of Musca domestica Hawley 1951
Serratia marcescens

crop exptl; large numbers
recovered; 14-5 d

Intestines exptl; present; up to
of Musca domestics 18 d Graham-Smith 1913

Pupae 1 d
of Musca domestics Ledingham 1911

Ii



TABLE THE SUR• AL OF MYCOBACTERIUM SPECIES IN INSECTS

Factor(s) Survival Reference)

BEDBUGS
M. leprae

Intestinal tract present
of Cinex lectularis Long 1911

Proboscis 5d .
Intestinal tract 16 d
Feces present

of bedbugs Matheson 19-50
BEETLE5

M. tuberculosis
Intestinal tract present

of Tentyria sp.
Blaps rnucronata
Pimnelia bifuroata

. " sardea, ... Cao 1898

M. tuberculosis
Intestinal tract present .4

of Blatta orientalis Cao 1898
Feces present !

of Blatta orientalis Lster 1902 .•
Fece• present

of 3riplaneta americans acfie, 1922
•- Fecal 2-5 d; transmitted

of Periplaneta. americans Riley 1932
. -Feces present
! of cockroaches TeJira 1926

I' " M. leprae

of Periplaneta .americans extMmlile acfie 1922Fespret

Gut xt;mlile
Feces - dried 169 d

of cockroaches Moiser 1945
Intestines present •

of cockroaches Riley 1932
in cockroaches present TeJira 1226,

M....leprae
Stomach present i

FISof fleas Munoz-Rivas 1946 ,

H. tuberculosis ?
Intestine's an feces present; transmitted

of Musca domestics Andre 1908
Intestinal contents and

faces present
of Muses. domestica Oell1 1888

Intestines and feces exptl; 13 d •
of flies Graham-Smith 1913

SIntestines and feces present !
of Musca domestica Hofnann 1888

Intestines and feces present i,
of flies Spielman 1887 i .



TABLE ./_'2-(CONT'D) THE SURVIVAL OF MYCOBACTERIUM SPECIES IN INSECTS

S Factor(s) Survival Reference

FLIES (CONT'D)
M. leprae

Intestinal tract and feces several days
of Musca domestica

Sarcophaga palliner-
vis

Saroophaga barbata
Volencelle obesa
Lucilia sp. Currie 1910

in Stomoxys calcitrans
Musca domestica present HoneiJ 1914

LICE •
M. legrae

in Pediculus capitis present McCoy 1912 .
MOSQUITOES

M. leprae
in Aedes egypti present Riley 1938
Gut at least 24 hr., not

of Aedes egypti after 7 d St. John 1930



TABLE %._3 THE SURVIVAL OF PASTEURELLA SPECIES IN INSECTS

Factor(s) Survival Reference -
BEDBUGS
P, tularensis

in Cimex lectularis 136 d Bozhenko 1935
Excrement exptl; infective;

of Cimex lectularis present Davis 1943
in Cimex lectularis present Francis 19-7 .
in " exptl; present; trans- j

mitted Francis 1922in bedbuas _resent_ Kamil 1938
LAS

Alimentary tract greatly multiplied;
of fleas transmitted Bacot 1914

Live 21 d; transmitted
De ad 5 d;
Excreta 5 d;

of Pulex irritans Blanc 1941
in Xenopsylla cheopis "I

Nosophyllus fasciatus
Orchopeassexdentatus

sexdentatus
Opisodasys nesiotus
Megabothris abantis
Malareus telchinom
Diamanus montanus
Echidnophaga gallinaces present, transmitted Burroughs 1947

Alimentary tract present
Faces present in very small

of fleas numbers Douglas 1943
Feces- dried wk.; exptl°; trans-

of fleas mitted Eskey, 1938
Feces-dried, 66F. 5 wk.; exptlo' trans-

of fleas mitted Eskey 1939
in fleas Inoc: approx.5,000

bacteria taken in at
a blood meal

Recov; multiplied
Epidemic- 15 d
Nonepidemic- 7 d Herms 1950in Xenopsylla cheopis Present; transmitted Lien-teh 1936

in fleas Liston 1905
in Diamanus montanus

Hoplopsyllus anomalus present; transmitted Meyer 1949
in fleas exptl; present; survive

through hibernation Prince 1947
in fleas

50F., RH saturated present; favorable
conditions for sur-
vival

>80FP, RH- dry present; adverse condi-Stions for survival Topley 1932



TABLE&Q'j(CONT'D) THE SURVIVAL OF PASTEUHELLA SPECIES IN INSECTS

Factor(s) Survival Reference

FLEAS(cont'd)
F. tularensis

in Spioipsyllus cuniculi present; transmitted Green 1938
Tissues present

of fleas McCoy 1911
in Ctenocephalus pallex

" orientjlis present; transmitted Volferz 1934in Cedio~sylla simplea... Walla?-, "_1240_
FLIES...

F. tularensis

in Chrysops discalis present; transmitted Francis 1921
in horse-fly, stable-fly

and iainfly present Olsofiev 1936k
LICE

P. tularensi
in lice present; trnnsmitted Davis 1935
in Haemodipus ventricosus Francis 1922
in Poly•olex serratus "..._.__"_Franxis 1922MITES

P. tularensis
in Bdellonyssus bacoti exptl; present, trAns-

mitted Hopla 1951
in Gamgsidae present, transmitted Volferz 1934

MOSQUITOES
P. tularensis

Feces present
of Culex apicalis Bozhenio 1936

in Aedes cinereus present Olin 1942
in mosquitoes present Olsofiev 1936
Intestines and feces present; transmitted

of Aedes nearticus
"vexans

" dorsalis
"," stimulans
"" caradensis

Theobaldi indicens
Culex tarsalles Philip 1932

TI CKS
P. .estisin Hyai'orma volgense i

F. schulze

E. schlottke present; transmitted Borzenkov 1933
in Argon persicus Foddeeva li32
Tissues

of ticks Lien-teh 1936
Tis sues

of ticks I Matheson 1950
P. tularensis I

Tissues Present; transmitted I

of ticks Davis 1940
Tissues iexptl; not transmitted

I during feeding
Ornithodoros turicats ý674 d

"parkeri 701 d Davis 1940



TABLP41S (CONTVD) THE SURVIVAL OF PASTEURELLA SPECIES IN INSECTS

Factor(s)' Survival Reference

TICKS (cont'd)
P. tularensis (copt's

in Ixodes ricinus
"californicus present Davis 1937

Feces present; transmitted
of Dermacentor andersoni Francis 1927

in ticks Matheson 1950
in Dermacentor variabilis " " Green 1931
in Ornithodoros lahorensis Kamil 1938
in Dermacentor occidental-

is " " Parker 1929
in Dermacentor andersoni survived life cycle Parker 1924
in Dermacentor variabilis stage to stage and gen-

eration to generation
survival Philip 1934

4:,tq©



TABLE' THE SURVIVAL OF PROTOZOA & METAZOA IN INSECTS

Factor(s) Survival Reference

BEBUGS
TrIlanosoma cruzi exptl; present; trans-

in CiMex pilosellus mitted Wood 195!
"COCKROA 3ES

Endamoeba histolytica
Hindgut and feces exptl; cysts present for

of Periplaneta americans 72 hr. Frye
Feces Osspresent

of Periplaneta americans Macfie 1922
Giardia lamblia

"in Periplaneta americana cysts present Macfie 1922
Colonic contents exptl; 12 d

of cockroaches Your& 1937
Anclyostoma duodenale

i " ceylanicum
Necator americanus
Ascaris lumbricoides
Trichuris trichura
Taenia saginata
Schistosoma haemotobium

Feces eggs present
of Periplaneta americans Macfie 1922FLIES

Chilomastix resnili

Faces cysts present
of Musca domestics Root 1921

Endamoeba histolytica
intestinal contents cysts present

of Chrysomyia megacephalR

Lucilia sericata
Sarcophags spp. Chang 1943

in Musca domestics cysts present Frye 1932
in flies " Harris 1946
Dejecta trophozoites present

""cysts recovered 154-258
of Musca domestica minutes; exptl.

Lucillia pallescens
Cochliornyia nacellaria
Phormia regina
Sarcophaga miserio Pipkin 1943exptl; • to•

Crop 40mn. 210rin,
Midgut 30 " 240 ."
E~ternal surface4
ROturn 210 "
Vlit drop 17 " 64"
Feecal drop 254 "

of flies Pipki 1949
Feces exptl; cysts present

"" of Musca domestica Root 1921
Feces

of Musca domestica Roubai' "1918
Feces I

of Musca domestics Sieyro 1942



TABLEJ/4 (CONT'D) THE SURVIVAL OF PROTOZOA & METAZOA iN INSECTS

_ Factor(s) Survival Reference

FLIES (cont'd)
Endamoeba histolytica (cont'l)

Feces and intestinal tract cysts present
" exptl; cysts present;

of Musca domestics 2-3 d Matheson 1950
Endamoeba coli

in Musca domestica cysts present Frye 1932
Feces exptl; cysts present

of Musca domestica Root 1921
Feces . ,. Wof Musca domestics Roubaud 1918
Feces and intestinal tract cysts present

" " " " exptl; cysts prisent,

of Musca domestica 2-4 d Matheson 1950
Endolimax nana

in Musca domestics cysts present Frye 1932
Giardia lamblia

Feces cysts present
of Musca domestics Root 1921

Fecescrsts present
of Musca domestica Roubaud 1918

Feces and intestinal tract cysts present
"it it exptl; cysts present,

of Musca domestica 2-3 d Matheson 1950
in flies cysts present Frye 1932

Leishmania braziliensis
in Phlebotomus lutzi

i "intermedius present, transmitted Steinhaus 1947Le i shb@ 4 .._o~nai •~

in Ph1et .*entipea .exptl; present; trans-
mitted Napier 1933

Out •present
of Phl domus argentip-

Matheson 1950
Gut pzVs ent

of Phlebotomus major
vart chinensis

Phlebotbmus sergenti Patton 1927
in Phlebotomus argentipes exptl; present;trans-

mitted Matheson 1950
in Phlebotomus argentipes exptl; present; trans-

in lebotomus argentipes nitted Smith 1936

perniciosus
major
loniricuspis
major var.

chinensi q present; transmitted Steinhaus 1947
in Phlebotomus argentines exptl; present; trans-mitted Swanimath 1942

Gut present
of Phlebotomus spp. Young 1927



TABLE '/- (CONT'D) THE SURVIVAL OF PROTOZOA & METAZOA IN INSECTS

WFactor(s) Survival Reference

FLIES (cont'd)
Leishmania tropica

in Phlebotomus papatasii present; transmitted Adler
in sergenti Adler In9
in papatasii

"sergenti Adler 1948
in papatasii

"sergenti Steinhaus 1947
.TIry nosoyna rhod*W6nse,7

in ;017slo'a a iieShTipais
"morsitans present; transmitted Notheo 1950

in Glossina morsitans " "th6r±•; 9
in 

war.z 191

"sinnnertoni present; transmitted Steinhaus 1947

in pa, alis
"br ipalpis exptl; present; trans-

mitted Steinhaus 1947
Tr;lpanosoma Ranbien~se

Proboscis <48 hrs; transmitted
of Glossina palpalis Bruce :1903

in Glossina palpalis present; transmitted Castellani 1903
in "" " Kleine 1909, .

in multiplied; duration of ,_
life; transmitted 1lober a r',<

Sin Glossina tachinoides present; transm itted W inha " 1947
in " morsitans

"fuscas
"pallidipes
"submorsitans exptl; present; trans-

mitted Steinhaus 1947
TryDanosoma brucei

in Glossina morsitans present; transmitted Kleine 1909
Ascaris lumbricoides

Intestinal tract ova present
of Chrysomyia megaceph-

ala
Lucilia sericata
Sarcophaga sppo Chang 1943

Externally exptl; eggs present
of Musca domestica

Lucilia pallescens
Cochliomyia macellar-

ia 0 .
Phormia regina
Sarcophaga miserio Pipkin 1943

Enterobius vermicularis
Externally exptl; eggs present

of Musca domestica
L hilia pallescens

h•liomyia macell-

Phormia regina
Sarcophaga miserio Pipkin 1943



TABLE 4/w (CONT'D) THE SU*RVIVAL OF PROTOZOA & METAZOA IN INSECTS

Factor(s) Survival Refrornce

FLIES (cont'd)
Hookworms - Sppo not given

Intestinal contents ova present
of Chrysomyia megaceph-

ala.
Lucilia sericata
Sarcophaga spp. Chang 1943

Hookworm - Necator american-
us
Eternally exptl; eggs present

of Musca domestica
Lucilia pallescens
Cochliomyia macell-

aria
Phormia regina
Sarcophaga miserio Pipkin Vi943

Trichuris trichura
Intestinal contents ova present

of Chrysomyla megaceph-
ala

Lucilia sericata
Sarcophaga spp. Chang 1943

Externally exptl; eggs present
01 of Musca domestica

Lucilia pallescens
Cochliomyia macell-

aria
Phormia regina
Sarcophaga miserio _Pipkin 1943

T ry. os a' duttoni
in Pediculus corporis p&ent; transmitted Heiseh 19i42

MOSQUITOES
Plesmodium. flacip erum

in Mop holes albimanus present; transmitted Eyles 1949
Over 68F, opt. 86F

RH - near 70%
in mosquitoes Gill 1938

in Anopheles quadrimacu-
latus

Anopheles albimanus exptl; present; trans-
mitted Jeffery 1950

35F 24 hrs.
in Anopheles quadrimacu-

latus King 1917
Over 68F, opt. 86F

RH at least 70% present; transmitted
in mosquitoes Matheson 1950

Plasmodium malarie
Sin Anopheles maclipennis exptl; present; trans-

xmitted Young 1947



TABLE d (CONT'D) THE SURVIVAL OF PROTOZOA & METAZOA IN INSECTS

Factor(s) Survival Reference

MOSQUITOES (cont'd)
Plasmodium vivax

in Anopheles quadrimacu-
latus exptl; present; trans-A nitted Eyles 1948

Mean temp. betwoen 60.8-
68F; RE - not below 70% present; transmitted
in mosquitoes Gill 1938

in Anopheles maculipennis infective for nearly
6 mos. James 1927

4-6a infective for 2j yrs.
in Anopheles maculipen-

nis Matheson 1950
30F 2 d
31F 4 d
46E 17 d

in Anopheles quadrimacu-
latus King 1917

Over 62F, opt. 77F
RH over 70% present
in mosquitoes Matheson 1950

19-22.8C exptl; present; trans'-
in mosquitoes mitted Matheson 1933

in Anopheles mnclilipennis
froeborni

Anopheles maculipennis
ocloentalis

Anopheles punctipennis exptl; present; trans-.
mitted Moore 1945

in Anopheles barberi exptl; present; trans-
mitted Stratman-Thomas

1936
in Anopheles quadrimacu--

latus exptl; present; trans-
mitted Watson 1945

in Anopheles quadrimacu-
latus exptl; present; trans-.mitted Young 1952

in Anopheles quiidriimacu-

latus
Anopheles mnculipennis

froeborni exptl; present; trans-
mitted Young 1945

Plasmodium spp•
in mosquitoes present; transmitted Bastianelli 1898
in mosquitoes Manson 1898
Salivary glands

59-83F or 6 d
44-78F for remainder of

* time
Diet -- date juice & H 0 68-92 d

in Anopheles puncti~en
nis Mayne 1922



TABLE 4Q( (CONT D) THE SURVIVAL O1P PROTOZOA ýP ?4ETAZOA IN INSECITS

9 Factor(s) Survival Reference

MOaSUTrOESu (cont'd) t'
in~ Thn (contid)s present Ross 1898

*in mosquitoes ifSambon 1900
in Anopheles quadrimacu-

1atus
Anoph eles camulipennis

kucians
iblimsanus
pSAJtdopuncti-
pennis

tarsimaculatus
argyrlttarsis
darlingf,
albitarua
punctimfu is
hoctoris 14

I 10elltor present, transmitted $imrions 14
ýs exptl; present; trans.-

mitted Steinhaus 1947
Wiachereria bancrofti

in Ciulex quinquefasciatus
" annulirostris exptl; present; trans-

* mitted Cobrera 1951
in Culex fatigans present; transmitted Carter 19148
in Culex pipiens

"i quinqiiefesciatus present; transmitted Eyles 1947
in Culex pipiens

Psorophors. disco~lor exptl; present; trans-,
nutted Newton 19)46

Wuchereria malayi
in subgroup Mansoni d es

spp.
Anopheles byroanus present; transmitted Carter 19148

Filaria san~uinis hominis.
in Culex fatigans present Ross 1898

REDUVIIDS
Leishnuania donoveni

in Triatoma spp. exptl; no Tmiltipl~icstion;

Leannatois1 d Packchanian 1948

snritoma spP. ~ exptl; no multipl~ication;
1 d Packchanian 1914.8

TrX]2anosorna cruzi
Feces present, transmitted
in Trisomns peroixita tinkn 1012
on rhaodniu proixuis Crat 1k9

in to sangiiisuga Elkins 19514in Rhodnius prolixus
pictipes Floch 1947

in Triatoms protracts lfIKof old 1933



TABLE~ QjJ (CONT'D) THEl SURVIVAL OF PROTOZOA & ETAZOA IN INSECTS

Factor(s) Survival [Reference

REDUVIIDS (cnont'd)
Trypanosoma eruzi (cont'd)

In Triatonia megista
if infestans

sordida
heidemanni

sanguisuga
charstackr

geniculata
haegneri

ifvitticeps
11 longipes

* " rubida
~odnius prolixus

pictipes
Eratyrus cuspidatus present; transmitted Steinhikus 1947

in Triatoma gerst eckeri
lectt4 aris
protirc ta
sangul suga
nect~oxae
rtibida ~ resent; transmitted Sullivan 1949

in Triatorna protracta Wood 19314
in Tz'Iatoma protracta

rubida
longipes

dead for 15 days present; transmitted Wlood 1942
in Triatoma~ heiderianni IV1Wood 1943
in Triatoma protrncta itWood 1950

Trpansoma gnbense
in ritom speexptl; present; -4-6 d Packchanian 1948

Trypanosoma brucei
in Triatonia app. exptl; present; 4-6 d Packchanian 1948

Trypanosoma duttonti
*in TrIatoma gerstaeckeri exptl.; no multiplica-

_______________________ tion; 2-3 d Packchanian 1948
TICKS

Babesi izenina
a-opiu nrulatus present; transmitted D~ennis 1931

in itHDennis 1932
in i tSmith 1893

IBabesia bovis
In Ixodes ricinus present; transmitted Stainhaaus 1947

Leishniania donovani
Gut exptl; 25 d; transmitted

of' ticks Feng 1949
Trypanosona cruzi

i.n ornithodoros furcosus
I, parkeri

amblus present; many wks. or
mos, Steinhaus 1947



TABL~A/t THE SURVIVAL OF RICKETTSIA SPECIES IN INSECTS

Factor(s) Su~rvival Reference

BEDBd4_

2MCiex lectularis exptl; not transmittedpe
10 d Castaneda 1930

R. rickettsi
in Mxiectularis

9ro~undatus exptl; 24 hrs.; present Steinhaus 1947
,R powzeisi,;

Col acavity present; harbors but
of'Wdbu ge does not transmit NA14

FLAS
R. tyZ]hi

In Echidnophaga gallinacea exptl; present; tranis-
*mitted Olicata 1942

in present; transmitted Brigham 94
TSsues at least 52 d; trans-
~of fleas mitted Dyer 19,2

in Xenopsylla cheopis present Dyer
in Ctenocephalus felis present; transmitted Irons 14
in Xenopaylla cheopis19

Ceratophyllus anisus present; transmitted Liu 14
F'eces 496 hrs.; transmitted
of Xenopsylla cheopis Rickard 1951

in Xenopsylla cheopis present; transmitted Savoor 1948Sin flees exptlo present Weyer 1949
R, 2roazeki

in Xenpsy1a cheopis exptl; present Dyer 1934

LIEin fleas ifWeyer 1 942

,in Feiculus corporis present; transmitted Liu 14
in Polyplex spinulosus Alf ooser 1931
in Pediculus corporis exptl; present; trans-

mitted IMooser 19
& ý oris exptl; present; 10 d Snyder 19414

Excret-dry, room temp. 11-12 d Arkwright 1923
in Pediculus capitis

corporis prespnto transmitted Atkin 1922
in Pedicinus albidus exp p; present; tr'ans-

mittod Blanc 1945$
in Pediculus corporis exptl; present; trans'-

Gu mtted Cabasso 1947

>32C exptl; present; trans-
mitted

23C exptl; did not survive
of lice PDaRodja 1916

in lice exptl; present Mari~ 1940
in Pediculus capitis

It corporis exptl; present; trans-
mitted Nicolle 1909



TABLEZ 9 (f (CONT'D) THIE SURVIVAL OF RICKETTSIA SPECIES' IN INSECTS

Factor(s) Survival Reference

LICE (cont'd)
R. prowazeki (cont'd)

Feces - room temp, 60 d
of Pediculus capitis

" corporis Nuttall 1917
in Pediculus vestimenti present; transmitted Ricketts 1910
Feces

RH - high RH hastened 8..9 d (guiinea pig test)
disappearance of rick- 19-147 d (louse test)
ettsia in feces

of lice Shu-Hsian 1949
Intestines - dried at

normal pressure 58 d
dried at low pressure 35.d

Feces 66 d
lice - dried with chloride 21td
dead lice - which lived

undeg orma1 conditions 7 d Starzok 1936

1_108 exptl; present
dried feces 21yrs. Weyer 1948

R. guintana
Gut and feces present; transmitted

of Pediculus corporis Hindle 1921
in Pediculus corporis present; 4 mos. Steinhaus 1947
Stomach lumen present

of lice Toepfer 1216
MITES

R. typhiin Liponyssus bacoti present; transmitted Dove 1931

in Schongastia .Indica
Family TromAbc~lidae present; transmitted Gispen 1950

in Liponyssus nag oi Kodama 1933
in bacoti Liu 1944
in Liu 1947
in " Pang 1941

R. tsutsuramushi
i-nmites present; transmitted Kawamura 1931
in mites Kitashima 1918
in Trombicula fletcheri

"walchi Kohls l9•.
in deliensis

larvae exptl; present; trans-
mitted Krishman 1949

in Trombicula deliensis present; transmitted Krishman 1949
in

hatched eggs present; transmitted Mackie 1946
in mites if Miyajima 1917
in mites present Philip 19.5

Sin Trombicula akamushi
""deliensis present; transmitted Steinhaus 1947

in mites " naka 1899
in Euschongestia indica Saub 1950



TABLE 6L/(CONTD) ThE SURVIVAL OF RICKETTSIA SPECIES IN INSECTS

Factor(s) Survival Reference

MITES (cont'd)
R. akari

in Allodermanyssus sangu-
ineus present Huebner 1946

in Liponyssus bacoti exptl; trans-
mitted Philip 1948

in "exptl; present; trans-
r itter Phillip 1948

R. typhi

In Ornithodoros moubata exptl; present Weyer 1948
in Dermacentor andersoni

Otocenter nitens
Amblyomma sp. exptl; present; 12 d Zinsser 1931

R. rickettsi
Rin REipcephalus sanguin-

eu s present; transmitted Anigstein 1943
in Dermacentor andor 4i Davis 1939
in varia1is present .transovarian

trans ion Dyer 1931
in andersoni

"variabilis
Haemaphysalis leporis-

palustris
Amblyorrn'a americanum present; transmitted Parker Unpub-

lished expt.
in Dermacentor occidentalis

Rhipicephalus sangui- transova•p transmis-
suga sion; * es winter

in In f6-e 'Inymphal or
adult ticks; at end of
winter organism is non
symptom producing un-
til its level of viru-
lence is raised, eithe
by heat or ingestion
of Plood Parker 1937

in Otocentor nitens
Dermacentor andersoni
Ornithodoros parkeri

"N rudis
"turicata present; transmitted Patino-Cainargo1941

All tissues j• present; transmitted

of Dermacen! andersoni Steinhaus 1947
in ticks present; transmitted Badger 1932
in Amblyomma cajennanse Bustamonte 1946
in Rhi~icephalus sanguin-

eus Bustamente 1946
in Rhipicephalus sanguin-

eus a pre ent Mariotte 191di
in Ornithloros furcosus' expfl; 345 d Mazzotti 1946



TABLEQ1• (CONT'D) THE SURVIVAL OF RICKETTSIA SPECIES IN INSECTS

s Factor(s) "SOurvival Reference

TICKS (cont'd)
R. rickettsi (cont'd)

In Taeyaphysalis leporis-
palustris present., transmitted Parker 1923

in Haemaphysalis leporis-
palustris present; transmitted Parker 1951

in Dermacentor andersoni " I Ricketts 1906
RMSF-like rickettsia

in Rhipicephalus sanguin-
Seus present; transmitted Bustamente 1947
A.n Rhipicephalus sinus

Haemaphysalis leachi Dick 194
in Ambl ,omna maculatum Lacknan 194.t'
in Parker 1940
in " " " " Parker 1939
in " striattan exptl; present; trans-

(Mexican spotted fever) nitted Vallejo-Freire
1947

in Ornithodoros rudis exptl; 11 & 35 d
(Tobia petechial fever) Parker 1942

in Ornithodoros parkeri exptl; 1,087 d
(Tobia petechial fever) Patino-Camargo

* 1944
no .rowazeki
iS Ornithodoros moubata exptl; present; 262 d Weyer 1948

R. wolhynica
in 6rnithodoros moubata exptl; present; 69 d Weyer 1948

R. conori
in Rhnipicephalus sanguin-

eus >18 mos.; transmitted Brapt 1932
Nearly all tissues present

in Rhipicephalus san-
guineus Hass 1936

in Ornithodoros moubata exptl; )36 d Parker 1942
in Rhipicephalus sanguin-

eus survives through life
cycle Steinhaus 1947

Bullis fever rickettsiain Amblyorma a~ericanum present Pollard 1946

Coxiella burneti*
in Hynlomma mauritanicum present; transmitted Blanc 1949
in " savignyi Blanc 19146
in Dermacinter occidentalig

Amblyofts americanum " " Cox 1940
in Dermacentor andersoni " Davis 1939
Tissues and feces exptl; present; trans-

of Rhipicephalus sanguin, mitted 1950
in Ornithodoros moubata exptl; infective 428 d

persists 670 d
Ornithodoros hemnsi o infective 772 d

persists 979 d I
transmitted by both 1Davis 1943



TABLLi (CONT'D) VIE SURJVIVAL OF RICKETTSIA SPECIES IN INSECTS

Factor(s) Survival' Reference

TICKS (cont'd)
Coxiella burneti (cont'd)

in Dermacennor andersoni present Matheson 1950
in Haemephysalis leachi present; transmitted Giroud 1950in Ornithodoros moubata Lý Mos. Jadin 1950
in Otobius megnini present Jellison 1948

in Dermacentor andersoni present; transmitted Parker 1938
in Hyalomma savignyl present Parker 1939
in Amblyomma americanum present Parker 1943
in Phipicephalus sanguin-

eus present Parker 1949
Feces - dried viable in storage as

of ticks long as 586 d Philip 1948
in Haemaphysalis humerosa present; transmitted Smith 1940 j

iI

S



TABLE•_• THE SURVIVAL OF SALMONELLA SPECIES IN INSECTS

S Pactor(s) Survival Reference

BEDBUGS
S. garatyphi

Stomach exptl; 2-3 wks.; not
* of Gimex lectularis transmitted Caspari 1939

'COCKROACHEs
S. ty~hosaBodyend feet present; transmitted

of Periplaneta oriental-.is Antonelli 1930
Feces present

of cockroaches Riley 1932
S. typhinurium i

intestinal tract
.Appendages present

of Periplaneta americana Beck 1943• , ,.• Inoc: 4-10 million

Feces exptl; 11 d
Alimentary, canal 7 d

of cockroaches Janssen 1952
Feces exptl;

of Blaberus cranifer Inoc: mass.ve doses
12 d Wedberg 1949

S. paratwphi B
in Periplaneta americana present; transmitted Bitter 1949

S.~..S. s.oranielburg
in Periplaneta americana present; transmitted Bitter 1949
Feces Inoc: 100 million

of Periplaneta americana 10 d
Feces Inoc: 100 million

of Blattella permanica 12 d
Tissues Inoc: 100 million; 42 d
Feces a 20 d

of Blatta orientalis Olson 1950
S. bre~deney .ITndgut present; transmitted

of Periplaneta americana Bitter 1949
S. bovis-morbificans

Appendages
Intestinal tract present

of cockroaches Nackerras 1948
S. sRR.

Intestinal tract
AD endap es 18-42 d Mackerras 1948

FLEAS
S. enteritidis

Body and feces exptl; present;'•trans-
of Xenopsylla cheopis mitted' Eskey 1949

Body , exptl; 96 hr.; trans-
mitted

Feces exptl; <24 hr.; trans-
of Pule' irritans mitted

Ctenocephalus canis Varela 1946



TABLEJ _/ (CONT'D) THE SURVIVAL OF SALMONELLA SPECIES IN INSECTS

SFactor(s) Survival Reference

FLEAS (cont'd)
S. choleraesuis

in Pulex irritans prosent; transmitted Messerlin 1942
PLIES

S. typhosa
in flies present Bahr 1914
in flies Bertarelle 1910
Feces

of Musca domestica Celli 1888
in flies Cochrane 1912
Legs extl; present
Feces greater trans-

bf flies mission than legs; 16d Faichnie 1909
Intestinal tract multiplied

of flies Faichnie 1929
in Musca domestics exptl; 23 d; transmitted Matheson 1950
Intestinal tract 5-23 d

of flies Fickler 1903
Intestinal tract present

)f flies Graham-Smith 1909
Intestinal tract exptl; present

of flies Graham-Smith 1913
Externally exptl; 11 d
Intestinal tract 15 d
Internally -

killed with DDT 7 d
" " fly paper 10 d

of Musca domestica Gross 1951
Intestinal tract present

of Musca domestics Hamilton 1903
in Musca domestica present Howard 1911
In or on body 23 d

of Muses domestica Jordan 1908
in flies present Klein 1908
in Musca domestics " Ldingham 1911
in flies "Manson-Bahr 1919
in flies Veeder 1898

S. paratyphi B R
in flies exptl; 10 d Faichnie 1909
Body Inoc: fed a suspension

of 12,000-4 ,000 org.
Recov: inultitlied in

body
Feces present

of Musca domestica Hawley 1943
Feces Inoo: 18,000-6,300,000

of Musca domestica bacteria
Recov: 1st d - 10-

200,000,000
6th.•2 0 0 0 0 0 0 0 Hawley 1951

Intestines at least 11,d
of Musca domestics Nicoll 1911

~~~ 44 W OW~~
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TABLEtQ. (O0NTD) THE SURVIVAL OF SALM0NELLA SPECIES IN INSECTS

S Factor(s) Survival Reference

FLIES (cont'd)
S. paratyphi

Intestinal tract multiplied
of flies Faichnie 1929

Externally
Intestinal tract exptl; present; 3 d

of Muses domestica Gross 1951
Intestinal trect present

of Musca domestics Torrey 1912S. entaritidhi

Intetstinal tract present
of Musca domestica Bahr 1914

Externally present
of Musca domestics Cox 1912

Intestinal tract present
of flies FiJkler 1903

Intestinal tract present -

of flies Graham-Smith 1909
Intestinal tract exptl; present

of flies Graham-Smith 1913
Intestinal tract present

of Musca domestica Hamilton 1903
Intestinal tract present

of Musca domestica Ledingham 1911
in'Musca domestica duration of life of fly

(approx. 4 Wks) Ostrolenk 1942
S. cholerae-suis

in Musca domestics present Scott 1917

Feces present
of Musca domestica Hawley 1951LICE

S. tyghosa
In Pediculus capitis

"corporis present; transmitted Abe 1907,
S. enteritidis

in lice prejent Huang 1937

S. p'artyphi
Intetines" 3-4 wks.

of Culex pipiens Felsenfbld 1947
S.ý enteritidin

in Aedes euypti exptl: 1 hr. Varela 1950TICKS
S. enteritidis

Feces 35 d
of Dermacentor £ft'aoni Parker 1943

in Dermacentor andersoni present Reitler 1946



TABLE THE SURVIVAL OF SHIGELLA SPECIES IN INSECTS

Factor(s) Survival Reference

ANTS
S. p aradysenteriae

Feet at least 24 hrm.of antsGriffitts 19_42of ants _____________

FLIESS. dysenteriae

Internal and external 5-6 d
of Chrysomyia megaceph-

ala Chow 1940
in flies present Dudgeon 1919
Body Inoc: fed a suspension

of 12,000-48,000 org-
anisms

Recov: multiplied in
body

Feces present
of Musca domestica Hawley 1948

Feces Inoc: .12,000-6,300,000
of Musca domestica bact*6ia

Recov:' ist d - 10-
200,000,000

6th d -
200,000,000 Hawley 1951

Bowel 5 d
of flies Msnson-Bahr 1920

Feces 11 d
of flies Stewart 1944

S. paradysenteriae
in rlies present Graham-Srhith 1909
in flies " Kuhns 1914

S. paradysenteriae (Flexner)
in flies 273 hrs. Stewart 1944

S. a bigua (S. dysenteriae-
3ohnitz)
in flies present; 297 hrs. Stewart, 1944

7testinal tract present
of flies Fickler 1903

Intestinal tract present Graham-Sniith 1909
of flies

Intestinal tract present
of Musca domestica Hamilton 1903

Intestinal tract present
of Musca domestLca Ledingham 1911

Intestinal tract present
of Musca domestica Nicoll 1911

0



TABLE i THE SURVIVAL OF SPIROCHETES IN INSECTS

Factor(s) Survival Reference

FLIES
Treponema pertenue

in -UHpelates pallipes present; transmitted Kumm 1936
in Musca domestica

Hitpelates pallipes
" " flavipes present; transmitted Steinhaus 1947

REDUVI IDS
Leptospira icterohaemorrha-

Intestinal tract exptl; present; 6 d
of Triatoma infestans Liem 1941

b



TABLE • THE SURVIVAL OF VIBRIO SPECIES IN INSECTS

Factor(s) Survival Reference

COCKROACHES
Vibrio comma

Feces 79 hrs.
of Periplaneta americana Barber 1914

in Periplaneta saericana present Toda 1923FLIES
Vib.rio comma

Feet, wings, body and
feces present; transmitted

of flies Alessandrini
in flies present Cattani 1886
in flies exptl; present Faichnie 1909
Intestinal tract exptl; 48 hrs.
Feces 30 hrs.

of Musca domestica Graham-Smith 1913
in Musca domestica present Hamilton 1903
in Musca domestica present Ledingham 1911
in flies present Macrae 1895
Feces present

of Eristalis tenax
Calliphora vomitoria Madd 1885

in Musca domestica present NicolT 1911
in flies present Simmotlds 1892

@ ~ ý"CNý-4:ý11AWý.4ýý11tý; "



TABLFE.,> THE SURVIVAL OF VIRUSES IN INSECTS

S Factor(s) Survival Reference

BEDBUGS
Yellow fever virus

in C••ex le'ctularis 2 d KUim 1932
Lymphocoic choriomeningitis

virus '
=--27C exptl present; 10 min.
in Cimex lecutlaris to A5 d Milzer 19L2

"COCKRO ACH, .
Poliomyelitis virus

Intestinal tract present; 24 hrs.
of cockroaches Hsiang 1952

Tissues - 30C exptl; 15 d
of cockroaches Hurlbut 1949

Hemocoole exptl; 15 d; transmitted
of cockroaches Hurlbut 1950

Poliomyelitis viruses - SGDVI, C' 'ouD• A' and
hrir ).OPolo virus,
Body exptl; present
Feces killing amounts

of Periplaneta americana excreted for 7-15 d
human polit virus

in Periplaneta americana
Supella supellactil-

ium
Blattella germanica natural vectors for

Brunhilde, Minnesota
and Mahoney strains Syverton 1952

Lymphocytic choriomeninpitis
virus
in Blattella germanica present Steinhaus 1944

Coxsackie virus
Feces exptl; 15 d; transmitted

of cockroachat Fischer 1951
Mous* encephalitis virus

Feces exptl; present; trans-
of cockroaches mitted; 7 d Syverton 1950FLIES '

Poliomyelitis virus
1Lansing strain exptl; 2 d
Theiler strain 12 d

only when adult itself
acquires virus by

"t Musca domestica feeding Bang 1943
Surface and alimentary

tract exptl; at least 48 hrs.
of flies Flexner 1911

Surface and alimentary
tract exptl; at least 48 hrs.

Sof flies Howard 1912
Tissues

30C exptl; 12 d
of Fusca domestica Hurlbut 1949



TABLE. (CONT'D) THE SURVIVAL OF VIRUSES IN INSECTS

S Factor(s) Survival Reference

PLIES (cont'd)
Poloyn± 1 tis virus (cont'd)

emoc e . . exptl; 12 d; transmitted
of ld es Hurlbut 1950

in Phormia regina
Phaencia sericata
Nusca domestica
Sarcophaga spp.
Cynomyopsis cadaverina present Melnick 1949

Gut exptl; 2 wks.
Feces 3 wks.

of Phormia regina Melnick 1941
in Muscidae

Calliphoridae may harbor virus in
44 nat• Paul 1941Abdomen, feces,•vpmit exptl; d

(Lansing straiA"
of Musca domestica Rendtorff 1943

in Muscidae
Calliphoridae may harbor virus in

nature Sabin 1942
in Muscidae

Calliphoridae fay harbor virus in
nature T ey 1941S in Muscidae t

Calliphoridae may 1•bor virus in
_ _ _ _ _ na - Trask 1943

LICE
Eastern equine encephalitis

virus
Tn=4omenacanthus stramin-

eus ,resent Howitt 1948
MITES

St. Louis encenhal"tis virus
in Dermanyssus gallinae exptl; present; trans-

mitted Smith 1941
in Dermanyssus gallinae present; transmitted Smith 194
in Dermanyssus gallinae Smith 196

Eastern eQuine encephalitis
virus
Ti-Dermanyssus gallinae present Howitt 1948

Western equine encephaliti
virus w
in Dermanyssus Emericanus present Miles 1951
in Liponyssus sylvarium " Reeves 1947
in Jk_ anyssus allinae .... _" ____,____Sulkin 194.5MOSQUI~o

Yello -fetr virus
in Haem togus capricorni exptl; present; trans-

mitted Bates 1944
in "present; transmitted Bushell 1914
in " Bugher 19
In Culex fatigans exptl; 39 d; transmitted Davis 1933



TABLE -s(COTD) TIUE' STRVIVAL OF VIRUSES IN INSECTS

Faotork(.) Survival

N0SQUITOES (coF7t' d)-
YellTbW f'ever virtus (cO.nt'd)
-ost t iSqes- Irioc: titer of 1 billion

of mosqii-toob lethal doses/cc

Immediately after
1-2 nillion lethal

2 wks - 1% of inoco
oxptl; 2 wks, Davis 1933

in Aedes afri',anus prosent; trsn.-nmitted THaddow 1948
in Aedes egypti it Hargett 19114
in Aedes egypti duration of life of mos-*

quito (which may be
over 200 d) Herms 1950

in Aedlas egyptl present; transmitted Reed 1900
in r'osquitoes

300 for 14 d, I ' 1,4- 4C
thereafter ' exptl; present; 32 d Ross 1950

in Haemagogus capricorni present; transmitted Shannon 1938
in AedeB africanus " " Smithburn 1949
Nearly All tissues through life of mosquito

of approx,,20 spp . Steinhous 1947

in A~des egypti
killed wi t.h ether ,. 4 hrs.

" " tobacco s k 20 hrs.
" KON 5 5 hrso
" Chloroform fI hrs.

starved 17.5 hrs,
in Haemagogus equinus

" spegazzinli present Waddell ll•8

in aernagogis capricorni extl; present Waddell 1947in if equ inii s of Waddell 1947

in Aedes egypti rnultiplied Whitman 1937
Dengie fever virus

ImosqiOUtoes pre~ent; trar,.9mittod Ashburn 19C,7
T,.rrqx below 18C lose Infectivity

"above "1 1a IIn "

i.n rnosquii I 174v d; transmitted Blanc 1929

In Aedes t.,,ip)i present; tr'nsmitted Chandler 19223
in MosOa it(?)5 " Mathoson 1950
In Aetia qýýrrlt.- .4, duration of life of muos-

quito (which may be
over 200 d) Harms 1950

In Aedec;i ,srutAl1arii exptl; present* trans-
uitted "ackorra6 19L.6

in Aades egypti 1)rnqnt, virulonce, may
lessen with serial
passage; livws longer
in live than dead
tissues Simmons 1931



TABLE _ (CONT'D) THE SURVIVAL OF VIRUSES IN INSECTS

Factor(s) Survival Reference

MOSQUITOES (cont 1d)
St. Louis encephalitie virus

in Culex tarsalis
" pipiens
" coronator
" quinguefasciatus

Aedes lateralis
" taeniorhynchus

"vexans

Theobaldia incidens exptl; present; trans-
Culiseta inornata nitted Harmnon 1943

in Aedes dorsalis present; transmitted Hammon 1947
..in Culex tarselis Hanmon 1943

irjulex pipiens
" quinquefasciatus

Anopheles punctipennis
"quadrimacula-

tus
Aedes egypti

" triseriatus
"vexans exptl; pes9fpt; trans-

mitted Smith 1941.
in Culex tarsalis

" pipiens
Culiseta inornata present; transmitted Steinhaus 1947

Poliomyelitis virus,
in Culex pellens

Aedes aloopictusa, 3 wks. Paul 1947
Eastern equine encephalitis

virus
I-n"liseta melanura present; transmitted Chamberlain 1951
in Aedes vexans

" sollicitans
"~ cantator
"~ atropalpus
" triseriatus exptl; present Matheson 1950

in Mansonia perturbans present Howitt 1949
in Aedes egypti at least 36 d; trans-

mitted Kelser 1933
in Aedes egypti

" sollicitans 1,000-10,000 fold in-
crease; 63 d Merrill 1934

All tissues present for duration of
of Aedes egypti life but able to trans

mit only approx. 2 mos Merrill 1935
in Aedes albopictus" sollicitans

" dorsalis
I " lateralis
" geniculatus

"vexans present; transmitted Steinhaus 1947



T ABLE •Ji(CONTIT TIM SURVTVAL OP VTWMR4 TV TWQnV1W

Pactor(s)' Survival Reference

MOSQUITOES (eontt d)
Lestern eguine encephalitis

In de dorsalis
Culex barealis present; transmitted Kammon 1947

in " Hammon 1945
in Ram ""on 1943
in Aedes taeniorhynohus If Kelser 1938
in Culex ooronator

Theobaldia incidens exptl; present; trans-
mitted Stoinhaus 1947

in Culex tarsealis
" pipiens

Culiseta inornata present; transmitted Steinhaus 19W7in Aedes doralais "A" Thompson 19
•TaDaneee B en~e~halitis

!n-lex triteeniorhynchus
"~ pipiens var.
pallens exptl; present; trans-

mitted Hammon 1949
in Culex tritasniorhynohus present Hammon 1949
in Aedes chemnlpoenuis exptl; 15 d; transmitt-

Culex pipiens var. ed.
pollens exptl; 15 d; not trans-

mitted. Huang 1951
Temp. of 8-12C. 91 d

in Culex quinquefascia-
tus Hurlbut 1949

in mosquitoes exptl; multiplied-max,
titer recovered; 17d Hurlbut

in Culex quinquefesciatus
" annuliroetris exptl; present Hurlbut 1948

L hotio oiomeninsiti

inAdes egypti exptl; present; trans-
mitted Coggeshall 1939 "A

Temp. of 26-34 C. exptl; present
Temp. of 37C, 25C, or low- exptl; not present

(er
in Culex pipiens

" albopictus Miluer 1942
EncephalomyooardI•is virus

(Mengo enoephalomyelitis
virus)

in Taeoniorhynchus fuseo-
pennatus

Taeniorhynchus app. present Dick 1948
Venuu n oaulne once ha-

is virus
i i-ATae niorhynchus

Anopheles neomaculi-
palpis

Mansonis titillans present; transmitted Matheson 1950

.... ... ~



TABLE _ (CONTD) THE SURVIVAL OF VIRUSES IN INSECTS

4Factor(s) Survival Reference

MOSQUITQES (cont'd)
Venezuj lan equine encephal-

iti "virus (cont'd)
in Aedes geniculatus

"~ aegypt i#0
"albopiolus exptl; presentljt trans-"`11 mitted , Roubaud 1941

Neurotropic virus group
in Aedes spp.

Psorophora spp. present.; transmitted Laernmert 1947 Iin inLfquiLCQa -H oca-Garcia 1944
Rift Valley fever virus

in Eretmapodites spp.
Aedes spp. present; transmitted Smithburn 1948

REDUVIIDS
Yellow fever virus

in.Triatoma megista exptl; 1 wk; not trans-
mitted by bite Davis 1933

Western equine encephalitis
virus
in Triatoma sanguisuga present; transmitted Kitselman 1940

Venezuelan equine encephal-
itis virus
in Triatoma infestans exptl; present; not

Stransmitted; 17 d Lepine 1941

TICKS
Yellow fever virus

"in Amblyomma caJennense 15 d; not trans. by bite
•Argas persicus 6 d; " "
Rhipicephalus sanguin-

eus 23 d; " " "
Boophilus microphilus 10' d; "

Sexptl. Davis 1933
Eastern equine encephalitis

viru s
in Dermacentor andersoni exptl; present; trans-

mitted Syverton 1941
Russian sgring and summer

enaghalitis virus

in%,odes persulcatus present; transmitted Chumakov 1939
in "I Chumakov 1940
in 0rnithodoros moubg exptl; 40 d Parker 1942
All organs present

gut 25 d I
of,,xndes persulcatus Pavlovs i 1940

St. Louis encephalitis virus
in Dermacentor variabilis exptl; present; trans-

mitted Blattner 1941
p of. 12.5C exptl; 10 mos.; trans-

in Dermacentor varia- mitted
bilis Blattner 1944

• "•"~ ~ ~ ~ ~ ~~~~~~~~~~j4 IS'• • ' '• .• .:-i- . . '• :"C '•': '' - !.* 11c T; • ••'•• ,••,W ,i • ••.••..A.• a .-



TABLE 1Sý ý (CONT'D) THE SURVIVAL OF VIRUSES IN INSECTS.

Factor(s) Survival Reference

TICKS (cont'd) I

Colorado tick fever virus
in Dermacentor andersoni present; transmitted Florio 1948
in variabilis exptl; present; trans-

mitted Florio 1950
in andersoni present; transmitted Florio 1950

Lymphocytic chorioneningitis

i acentor andersoni present; transmitted Humphjt 1944 1

Feces exptl; present; trans-
of Dermacentor anderson mitted Shaugnessy 1939

0I

p'
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TABLE THE EFFZCT OF PREISSURE ON THE SURVIVAL
OF MICROORGANISMS

SFactor(&) Survival Reference

Esoherichia coli
5,000 atm. hydrostatic 45 min. Basset 1937

pressure
10,000 bolts in an evaccu- 1 hr. Dognon 1930

ated tube
500 ib./a,. in. of argon 0-7% burst Fraser 1951

is t it f
900 " " " 30-46% burst""
500 " " " nitroger 14-20% burst "
900" " " " 75% burst
250 " " " " nitrous 0-5% burst

oxide
500 lb./sq. in. of nitrous 54-78% burst

oxide
750 lb./sq. " " " 53-56% burst

oxide
500 lb./sq. in. of carbon 48-56% butrst "

dioxide
20 ml. of log-phase cult., 54-78% burst "f

37C, 500 lb./sq. in. of
nitrous oxide

5,000 lb./sq. in. at high Innrepsos rate of dis- Jolmson 1946
temp. infection

5,000 Ib./sq. in. at low Decreases rate of dis-
temp. infection

In presence of quinine Decreases rate of Ais-
lC00-2,000 lb./sq, in. infection

In presence of quinine Increases rate of Ois- "
4,00O-6,o00 lb./aq, in. infection

-, co ---- -I-I-----in.--t-I-.

temp.
1,000 lb./sq. in. at high Accelerates gro-th

temp.
Hydrostatic pressure of Rfetrds growth Lewin 1946

1,000 lb./sq. in., below
37C

Hydrostatic pressure of Accelerates growth "
1,000 lb./sq. in., above
37C

Aerobacter aerogenes
d5-100 thousand lb./sq. in. 4-5 min. Hite 1914
50-65 1"0 min.
30-45 1" hr.

Salmonella typhosa
5,000 atm. hydrostatic 45 min. Basset 1937

pressure
10,000 volts in an evaccu- 1 hr. Dognon 1930

ated tube
40-45 thousand ib./sq. in. Killed Hite 1914

Salmonella paratyohi A & B
10,000 volts in an evoccu- 1 hr. Dognon 1930

(9 ated tube
Salmonella tyohimurium

High tension, low pressure 5 min. Gilles 1935
ultraviolet lamp in test
tube of liquid cult.



TAI3LE (CONTI D) THE EFFECT OF PRESSURE ON THE SURVIVAL
OF MICROORGANISM*

Factor(s) Survival Reference

SA. _tyhosa bacteriophage
4500 atmo or' pressure Resists Basset 1937

Bacillus subtilis bacteriopha e, ..
k500 atm. R4essts

BacMus megatherium bacterio hapea
4500 atmin es sts " "

Rabies virus
"von atm 30 min. "

Herpes virus
S7000 a." G

Yellow fever virus
3000 atm. "

Foot-and-mouth virus
3000 atm-' a " "

Encephalomyelitis virus
<6500 atm. " "

Smallpox virus
4500 atm. 45 min. aeser 1937

Mold
-- •,O00.volts in an evac- 1 hr. Dognon 1930

quated tube
Yeast,;

tension, low pressure 10o-15 min. jilles 1935
ultraviolet lamp in a
test tube of liouid cult.

High tension, low pressure More time
ultraviolet lamp over a

85 thousand lbo/aqo in. 5 mn. ite 1914
30-35" " " " ' lhr.

Bacteria-general I P
6000 atm. pressure 'Non-spore formers 14 hr. Larson 1918
12,000 atm. pressure 'Spores 14 hi. " "
6000 atm. Non-spore formors des., Waea(: 1937

troyed
400 atm. hydrostatic pres- Marine bacteria 4 d. Zobell 1950

sure, 30C
600 atm. hydrostatic pres- " " a

sure, 30C



TABLE (CONTID) THE EFFECT OF PRESSURE ON THE SURVIVAL
OF MICROORGANISMS

Fac to(s) Surv-lva1. Reference

Streptococcus faecalis
10,000 volts in an evac- I hr. Dognon 1930

cuated tube
Strept~ococcus crenoris

65-l10 thousand lb./sq. in. 4-5 min. Hite 1914
50-65 'R 1 i0 min.
30-45 " " " " Ihr. -

Micrococcus aureus
Liquid, 3000 atmo pressure9 .Rocov. , 45 mine. asset 1932

ordinary temp.
Liquid, 6000 atm. 0" time not given

ordinary temp.
Nicrococcus app.

W650atm7 hydrosta ic 45 min.
pressure

10,000 volts in an evac-, 1 hr. Dognon 1930
cuated tube

.Nycobaoidium tuberculosis
Liqu 3000 atm., orHary Recov. X, 45 min. Basset 1932

temp.
Liquid, 6000 atm., 4' " 0, time not given " "

temp.Pasteqrella sp.

> 2000 atm. 30 min. 3asset 1937
Bacillus subtilis

Liquid at 17.600 atm.9 Recov. X, 45 min. asset 1932
ordinary. temp.

20,00b atm. hydrostatic • m.in, ' 1937
pressure

Bacillus anthracis
"10,000 volts in an evac- 1 hr. Dognon 1930

cuated tube
Proteua vulgaris

"10,OO.volts in an evac- 1 hr.
cuated tube

Serratia marcescens
Liquid, 3000 atm, ordinar Recov. /, 45 inin. asset 1932

temp.
Liquid, 6000 atm., 0, time not giver

temp.
10,000 volts in an evacA 1 hr. 1gnon 1930

cuated tube
85-I00 thousand Ibo/sao in 4-5 min. ite 1914
50o65 1"0 min.
30-45 1 " " lhr. " "

Corinebacterium diphtheriae
40-45 tusand ib/sq. in. Killed

Diplococcus pneumoni•e
5000 atm. hydrostatic 45 min. asset 1937

pressure
Micrococcus bacteri agE o3

1000, Rcov.. I06o108 30 min.atm0
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TABLE • THE EFFECT OF RADIATION ON BACILLUS SPECIES

Factcr (1s) Survival Reference

ULTRAVIOLET
B. anthracis

Uv. Killed Phelps 1939
Uv. 452 erg/mm2 at 2537A°1 Reduc. 90o Sharp 1939
Uv. Chief factor in sunlight Ward 1894

and artifical light
B. subtilis

Uv. rays 2650 A0  Little difference in Duggar 1934
resistance of veget.
and spore forms

Uv. Inoc. innumerable, Recol Hnrt 1939
2 42- 3 mrin.

Uv. 62000 erg/cm Kilt 1944
Uv. Phelps 1939
Uv. 62000 erg/cm2  Lethal Sharp 1940
Uv. 30 min. Tanner 1930
Uv. More susceapi thrn Wells 1945

Stsph., Diploconcus,
and influenza virus

Uv. 1100-1400 A° Slight germicidal acticn eCullough 1945
B. merstherium

Uv. rays 2650 AO Little diffeMce in re" ggar 1934
sistence oifew et. &
spore forms

Uv. 0.873 5 sec. Hercik 1936
Uv. More resistant than Laurens 1938

B. subtilis
Uv. 30 min. Tanner 1930

Be sp.
Uv. 2537 A0  Kills Les 1940

LIGHT
B. anthracis

Sunlight Easily destroyed Arloings 1885
Artificial light q " It

Bouillon, 35-39C, sun 2 hr. it

Diffuse sunligh% dry Reduc. 50K, few morae Graham-Smith
tp 100% in 23 yr. 1930

Sunlight, nutrient medium 24 hr. Roux 1887
air

Sunlight " >83 hr. "
no air

Sunlight, 40C Inoc. 1 loon 24 hr. Ukil 1927
cult., Recov. 0, 15
min.

Sunlight Partly killed, 1-Ij hr. Ward 1890-94
Gelatin agar plates, 18C 2-6 hr. " 1892-93
Sunlight 8 h•. Weinzirl 1914
Blood from diseased cow Killed guinea pigs in McCullough 1945

dried on gauze in dif- 36 hr.
fuse sunlight

B. subtilis
sunlight 8 hr. Weinzirl 1914

B. megatherium
Sunlight " it



TABLJE (CONT'D) Tim, DF'FECT OF RADIATION ON BACILLUS SPEIE~S

Factor(s) survival Reference

UJLTRASONIC
B3. anthraois

SUMin, 31 trasounds Inoe .5X0s Rou
frequency 320 kc. 97.i%v 45 $rni Greduc.94

MUtrasoinds requency Inoo. 4-11xlO8 0 Reduce
320 1w. 99.7ý*, )15 mm. H

OTHE~R RADIATIO14
B. anthraois
17M v.in evacui-ted
tube 1 h. £)opnon 1930

B. subtilis
1Hiih =voltage apthode rays 1 sec. Porter I1/4÷7



TABLE _ THE EFFECT OF RADIATION ON BACTERIA (GENERAL)

Factor(s) Survival Reference

ULTRAVIOLET
U.v. on water Few see. Bujwid

"It " bacteria of air Kills Buttolph 1945

" action on gram-positive
bacteria Became gram-negative Cernovodeanu

Uv. action on acid-fast Lost resistance
Short wave lengths on
water borne bact. Kills Coblentz 1924

Uv. rays 1250-1600 A More easily destroyed
by heat Curran 1938

"26-52 A Reduc. 99.98%, p60 rain. Duggar 1934
" at 254 mm. Maximum effect. Gartner 1947
" on pathogenic org. in Type of sal* had no effect
dist. water & different except in few cases Gutfeld 1928
salt solutions.

Uv. 3000 4' Kills Hollaender 1943
House dust with Uv. Recov. 225/10 cu. ft.,

30 miii.
Uv. Resistance lower in non-£ pigmented. Org. which

excrete pigment to
medium have low resis- 1946
tsnce Ishmenetskii

Uv. 2537 A, with room Respiratory org. recov.
lights on, in air. 0.5%, 2 hr. Knh o les 1950

Uv. partial radiation Not given Lidwell 1946
" absorption Bsctericidrl "1

"open agar plate 15 min. Miller 1948
" 20 r•icrowatts/sq. cm. Renov. adequnte disin-

2537 At in air. fection, 250-500 sec. Mued 1944
Uv. 30 microwatts/sq.V. crV. Recov. samei, 167-334

2537 A*, in bir sec.
Water contaisiirated !.,'th Not so 6ýstly stor. as

clay and turf, Uv. clear water
Uv. rays The bactericidal effect

not due to action of'
M10 2 , 03 or water but
to direct action of
rays on protoplasm

"t "Older resting colls
more resistant then
yol:ng•r cells i- cell
divisi on Oster 1934

"Reduc. P0%, 0.?" sec. Pe-kins 1929
"Larger f('.rms more

"on air resistant
"t It Bacterididal Rentschler 1940

" "t "t l/10 as resistrnt in air

as In agar. More re-
sistant at high R.H.;
Less resistant if first
ex osed to heat. " 1941

Lv., press. IF., discharge I 35 iillod/4 tantalum un ts. " 1942
in Uv. trcnsmitting glass



TABLE P (CONTID) THE EFFECT OF RIADIATION ON BACTERIA (GENERAL)

T-lactor(s) Siirvival Reference

ULTRAVIOLET
Low press. Hg discharge in 36.0% killed/4 tantalun

quartz units Rentschler 1942
Open arc beta u carbon 46.6% killed " "

units
Quartz arc 36.0% killed "

units
Uv. in air condition system Bactl..ricidal Rentschlor 1940

"Robertson 1940
Uiv. on thermobacterie Jnoc. 71,000,000, Reduc.

99% Snhnegg 1936
Uv. exposure on water Inoc. 2,000/cc, Recov.

0, 25 sec. Schwarz 1911
17v. on water bact. in raw Inoo. 300, Recov. O,

water 15 sec. " "
Uv. exposure on water, flow Recov. 0, 6 sec.

1 liter/min.
Uv. on spore baet. In raw Inoc. 1500/cc, Recov.

water practinally 0, 15 sec. ,"
Uv. Twirf) as rulch energy

needed to kill spore
as Veg. form Sharp 1939

Uv . Not ';iven Sterckx 1935
Uiv. The destruction depends

on surrounding factors Vaindrakh 1939

Uv. on hiph vacuum Lethal Wells 1929
Uv. dry air 1oro gormiicidal iI d(ry 1940

air
Uiv. The greater the R.H. the

less the killing Wells 1942
Uv. in air Kills Wells 1943
Uv. 0.002 foot watt min./ Lethal effect Wells 1945

cu. ft. of air
bUV .0-20x mouro germicidal Whisler 1940

in dr.j air
Uv. Energy for killing in Wyckoff 1v32

uv., lO0x greater than
x-ray

Uv. Most batericidal at
2650i •Porter 1947

Uv. When uv. is used bact. Kraissl 1942
ct. 5x greater than
when not used in
surgery

Uv. 2500-30001 Bactericidal Rahn 1932
Carbon are source, 3287-

22651 Bactericidal Downes 1877
Hanaver Hg lamp on gra Ro cov. O, 1-2 min. Gartner 1947

" - Re.tov. 0. 1.5-30 soc. Gartner 1947•, LIGHT t

Sunlight in cities Important in destruction Clement 1886
Long continued, strong, I

direct sunlight nactericidal DeLarequette
1918



"TABLE _ (CONTP) TIE EFFECT OF RADIATIOW ON BACTERIA (GENERAL)

Factor(s) Survival Reference

LIGHT (cont'd)
Sunlight Lethal effect depending Downes 1877

on oxidation
" ""Destr6ya 1878

Tissue made anemic by press Recov. 0 Emmerson 1933
in sunlight, 4mm. depth

Sunlight Kills best between 8AM- Meader 1926
3PM

waves shorter than Lethal
3100 AO

Subnormal sunshine and ppt. Long survival of infect- Meissner 104u
agents in Pir

Sunlight Not given Rossi 1924
Sun on pathogenes " Granaher 1889
Sunlight on sea bacto Recov. 26 bect./ce at Schmidt-Ueison

surf, 420/'cc at 25 1901
meters depth

Direct sunlight, 10-120F Destruction of org. Sternberg 1894
Sunlight Not given , Ward 1894-95
Light Bactericidal Wells 1940

SDirect sunlight, 2mm. deep, Inoca 164/cc, Recov. 76/ Zobell 1935
sea"beact. cc, 2 hr.

Direct sunlight, 10mm. deep, Inoc. 163/Cc, Recov. 126 " "
sea bact. cc, 2 hr.

Dire6t sunlight, surf Inoc. 238, Recov. 121,
7 hr.

Vexposed to sun, Inoo. ?41, Recov. 1901
7 hr.

"locm. Inoc. 235, Recov. 188,
7 hr.

I i20cm. Inoc. 217, 217,
7 hr .

Water'50cm. in cylinders in Inoc. 4900, Recov. 0, T. 0.A, 1946
sun, surface 6 hr.

middle Inoc. 4510, Recov. 2,
6 hr.

bottom Inoc. 6781, " 8,
6 hr.

.Water 50cm. in cylinders in Inoc. 4900, Recov. 7261, "
dark, surface 6 hr.

middle Inoc. 4510, " 9051,
6 hr.

bottom Inoa. 6781, " 12591,
6 hr.

Roentgen ray tubes 10-60 min. Bean 1903
Soft roentgen radiation Gram-neg. more sensitive Gestaldi 1949

Spore-formers less re-
si stant

Roentgen rays Incidental morphologicnl Rozhin-Kokhanii
* 194P



TA$A722 (CONT'D) THI- EFFECT OF RADIATION ON BACTERIA (GENERAL)

Fnctor(n) Survival Refer•3nea

ULTRASONIC
Sonic energy Proteins litel'fer with Beckwith 1936

germicidal action
Ultmosonic waves Desth of cbll Kvasnikov 1941

----- .vbation Disintergration Loiseleur 19¶UT HE...IO
Electric energy Not given Sugiyama 1951
Continous current Nt 260. 10 min. Zeit 1901

320 milliamperes on bouil
lon, 98.5C

Continous current 4V milli- 2-3 hr. "
amperes, 37C

Continous current 100 " 75 ri. mi
ampe re s,

Photosensitivity Gram-neg. less suscepti- Porter 1947
ble than gram posit.

Heat on thermophilie bect. No effect Arrhenius 1927



TA T 3E L _ THE EFFECT OF RADIATION ON BACTERIOPHITU

S FActor (s) Survival Reference

ULTRAVIOLETE.coll Phage

Uv. . Proportional to its cone Fischer 1927
Uv. from alpine sun lamp Recov. 0, 40 min. McKinley 1926
1 ft. away of h.5 amps

Sh. dysenterise phnge
Uv . 6 or 1.5 erg/sq. mm, Iractivated, larger phag Lnter jet 1945

per sec. And 2537 AO mre sensitive
LIGHT

Micrococcuspha•
Indirect sunlight on 0.01 5 min. Clifton 1931

-0.11 M.B.
Sunlight 1:100,000 nethy.- nrentest Innctivation Porter 1947

lene blue
Viris +, phage

DnyiTpht• bu ib Recov. 3%, 70 hr. LatarJet 19•I
ULTRASONIC
-E._ 01 pg~r

,xosed. rnse soni Ino. 700,-l min., Recov. Anderson 1948
vibra , ion 4 10, 30 min. 6

Expnsed to intense rnnic Inoc. 100%-1 min.."
vibration I Ii 60 m.in

OTHER RADIATIONGener•al. phape

-Na- u r•rV7•- icrocuries 3 d. contrct Bruynogh*, 1925

I'



TABLE • THE EFFIXCT OF RADIATION 01 BRUCELLA SPECIES

Faotor(s) Survival Referonce

LIGHT
B. melitensis

Tropical sunlight, 10h 0. inoc. 1 loop 24 h.
oult., Reoov. 0, 45 min. Ukil 1927

fiixT1ght & dryness Lower incidence of dls-
ULTRASONICse oldng 47

B. melitensis
4T kc. Cell in smooth phase

yielded cells in
rough phase in 3 h. Rucci 19L 9

I:



TABLE R THE EF'F'ECT OF RADIATION ON DIPLOCOCCUS VNEUMONIAE

Paotow(s) Survival Reference

ULT RAVI OLET
Uvý Ldse susceptible .than

other bor, studied Wells 1945
LIGHT

Sunlight Larger strains mor!:-,, 1lowey 1942?
sistant

Tropical sunlight, 550 Inoc. 1 loop 24 hr. cult .9il 1907
Hecov. 0, 45 min.

Dried sputum, dark. t35 d. Wood 1905
light (diffuse 30 d. " " "

Moist sputum, strong light (5 d.
Dried sputuw, mmlight 44 hr.
Powdered sputum, dark 4 hr.

"sunlight 1 hr.
Neon light sensitized with

methyl violet Recov. 15 min. Philibert 1926

ri
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TABLE • (CONT'D) THE EFFECT OF RADWATION ON ESCHERICHIA COLI
AND AEROBACTER AEROGENES

0 Factor(s) Survival Reference

ULTRAV IOLET
A. aerogenes
U.v. Destroys the ability to

LIGHT !row on wrmonl.a Pacocke 1948

E. coli
Watery susp t n of fresh Inoc. 1 co., Reduc. 96%,
cult. placed on petri 10-15 rain. Clark 1903
dishes in sunligbht 1939

Stored water, sunlight li-5 wk. Raghavachari
Diffuse light on polluted Inoc. pure cult., death
water rate was higher in

polluted water Smit 1931
Sunlight 49 C., in urine Inoc. pure cult., 1 loop

211. h., Recov. 0, 3 h. Ukil 1927
"t .5 C., in feces Inon. 1 loop 24 h. cult.

Recov. 0, 3 h.
Broth and air in dark Recov. 3/10 sq. ft., 120

Inin. Wells 1935
lig. ht Recov. 01 120 rm.

X-RAY
E. coliX-ray Younger die quicker Cavalli 1948

"i 2000,2200 roentgen 37% survival Fram 1950

Susn'n irradiated with Only 1/3 sensitivity
250 k'.. x-rays at when oxygen was re-
40,000 r/hr. duced by saturction

with N2 , 002, etn. Hollaender 1951
X-ray RelAtively resistAnt Witkin 1947

A. aeroF'enea
X-ray 14g,000 Roentrrens 37% survival Frain 1950

MTLTRASONIC
E. coli

Star. bufrer soln., 15.5 C Inoc. 6,000;66,00o; 628, 00
crystal ultrasonorstor & 6,000,000/ml. Raeov.
used. 99%, 40 mTjn. Horwood 1950

Ultrasonic or standard Inoc. lxlOO/cc. Reduc.
phosphAte btffer 99.9, 15 min. Whitney 1951

OTHER RADIATION

E. coli
2360-vo of electrons Recov. 50% Dieckmann 1950
10,000 v. in evacuated
tube 1 h. Dognon 1930

Neon light sensitized
with methyl violet No results in 2 hr. Philibert 1926

Cult. of bouillon with
radium 0 multiplication, 48 h. Bruynoghe 1925



TABLE 4 THE EFFECT OF RADIATION ON HICROCOCCtS SPECIES

Faotor(s) SurvIvAl- Reference

ULTRAVIOLET
M. auoeus

TV.- aF735O0A° I hr. BaYnb4Jones 19Z3
"Shorter time Brooks 1942

Wave lenrgtbs of 2800i, - '

265o# 2700 and 25 40 AO Kills Burger, 1928
Uv* raYa 2000-2950 AO Redue. ct* Cathcart 1942

"2660 AO Bactericidal otioln Gnteh 1929
""f IHart'' 1937-41.

"? 6000 erg/iem 2  Killed 194
"Laurens 198

"Survived Phelps 1939
"260 erg/mM2 ot 2537AO Reduc. 90% Sharp- 1939
"26000 erg/om2  Lethal • 1940

Bacillus veget. enA

t 'I've 1K ln. Bayn em-Jonss 1923
t '.1nV 1.ngthe ofI L00,2650 Kill's Burger 1928

P700 & P-54o A"
Uv" Inoo. Innumerablq, Recov 11art, 1939-40

Uvs 23000 org.oe 2  KM le• " 1914
Uv. 26200 evg/,Bq cm. 1.06 and. shrp 1938
Uv, 2.3000 L'gem tihal :o. 1940
Uv. 1R4 at P537k Redue. 90% We, 1939
UV, at x ea Killed193
UV. at 5XO ir /•un.. H

in vacuum
T ,More 'iuscapt'Oe thnn 19145

Bacillus et. and
influenza •Irus,,
piplonccus, Sorritia,
S. aureus

M, luteuls
UV, Not gi Boston 95;0

Me citrus
Wave •o•gths of 2800,265% Kills Burger 1928

27oo & 2543A0
Mv I1noc. 160, Recov. 6, H rt 1939

3 min.S. r~osens
30 min. Tanner 1930

Mg atiderm1is

U.35units iSao. BAk r 1926
tT,.28" Acu )Xdua. marked, 5; min, Betor d 1927

t6.280290 Ou in. Hrd Iing 1917
tyv. 410 erg at 9537 A0  Kills Rivers 1928
Uv, Older straIns less re- Stenstrom 19,31

s istant



TABLE Z (CONT'D) THE EFFECT OF RADIATION ON MICROCOCCUS SPECIES

Factor(s) SurvlveJI Reference

LIGHT
M. mireus

SSealer"cult. sunlight 657 d. Lal 1923
Direct sun, 23F I hv Mesder 1926
Thru window glass, sun 3 3/4 hr. it

Sun thru thilt •indour gl14 1 3/4 hr. f t
Sunlight. 43C Inoc. 1 loop 24 h. cult. Uki1 1927

Rereov. 0, 2 hr,
me sppe

Dn-km, 55C Ino. 1?4, Recov. 41, Buchbinder 1941
40 min.

" 50C ,Inoo, 6?- v. e, eov. 60,
30 min."45 Inoe. 187, 71,
R0 ~i n."0 " " -

40C Inoc. 139, 100,
* 60 min.

Hydrogon peroxido, str iNo gN o.vth Burnet 19?5
July sun 112 hr. _tcvlux 1887

I. X-RAY
M. 0112eus
M.. r1nYe3600-41100 37• snr-71vnl From 1950

ULTRASONIC
Ringer soln., ultrnsound inon. 40.2?,I0 9 Redue. Grabar 1945

nine uency 320 ki 'Yele 90,4n 0 min,___ ___

M. alb usE--- ýwvelocity elec;trols K illed W4ells" 1931

10,000 v. in jc:u.t,- ,I hr. Dognon 1930

Neon light sensitized Recov. 0, 1 min. Philibert 1926
• 7'thmethyl violet

CI



TABLE T•TE EFFECT OF RADIATION ON MICROORGANISMS

Faetcr (s) Survival,, Reference

ULTRAVIOLET
Alc alienes melitensis

Uv. 15 units 40 sec. Baker 1926
Alealigenes sp.

Uv. 15 units 30 min. Tanner 1930
Corynebacterium diphtheria Rr ,i1

Uv. on agar Reduc. marked 7
Uv. 337 erg/imm at 2537 Reduc. 90% Sharp 1939

A9
Uv. More susceptible than Wells

Staph, Diplococcic.iý,inf]u~n• ,. irus '
Corynebacterium psenadodip] herjtioor

-Uv. on agar Re'ýe17. j."ilght, 5 min. Bedford 1927
Hemophilus influenz eeKv.iU ,i. 'o.....Shirtoar time Brooks 1942Kleb siella _ peumoniae' (

=v Inoc. innumerable, Reco, Hart 1939
19s 3 main.

t Lactob'aTl.us acidophilus
U.V v Reduced Du Buy 1948

Proteus vulgaris
=v. Inoc. innumerable, Recov Hart 1939

2, 3 min.
Uv.* Older strains less re- Stenstrom 1931

si stant
Serratia marcescens

Uv Germicidal effect Bachem 1933
Uv. 15 units 40 sec. Bsker 1926
Uv. presenge of dyes Not given Boston 1950
Uv. 2810 A Kills Ehrismrnn 1929
Uv. 20,000 erg/cm2  " Hart 1944
Tiv. 2537 AO Lea 1940
Uv. distance of 17 cm, e rini. Nobele 1928
Uv., air Kills (more effective Robertson 2939

when air is moving)
Uv., all' 15 rmin. Rosenstern 1942
Uiv. in raw water Inoc. 250,000/cc, Recov. Schwrrz 1911

15/cc, 15 see.
Uv, o220 erg/mm2 at 2537 Redue. 90W Shtrp
A0

Uv. 20,000 erg/cM2  Lethol
Uv. 135 cm. away Recov. 0, 25 rmin. Strebel 1901
Uv. More susceptible then Wells 1945

Bacillus, Staph., Di-
lococcus, influenza
virus

Azotobacter sp
CSoln sun Destroys Dhnr 1939

Cynebacterium diphtheria,
're'R--zHt sensit e d Recov. 0, 5 min, Philibert 1926
with methyl violet



TABLE .~..(CONIT I D) THE )iYFF1,CT Of' RADIATION 011 110CROOGA~I ISMS

Faotor(s) Survival lef'ererice

LIGHT (oont'd)

Pue ul. avzabsindri 60 d. Schofield 1.916
liiht 30 d.

Tropical sunlight,, 55 Ii~o 1 l00) 21ý. hr. cult.
1RenoV* 0, Milml* Ukil19

CoynbaoteriU3o I.p
Dq 7G n dr7 6 wk. U'ttosen l,

I' dnayijht )I Wk.t
Leptospirs Iteroha~oorrhatrice 9

Lirhts 1R.T. 7 d. T &We 9.
Pnkste'ur"lla pristis

Tropinal Runi.1 fet, 11.0 0. Inoc0 . 1 ½.ojý P. 11r.

Pen TInt1i N'ot (Ao.'tr-.)d'oc arter 30

Yri~nyn ,a-ii,-

f Ila. light i: ,- ~ L~Sorr~lv i,!?mewoI
X-a 1200-13=v.. ________

UTM- 9 DATIO !- o-mtý.1

10,,000 v. in (ývtacuauod
tube. 1 hi. Doe-mon 19b0



TABLE TIM, IEPECT OF RADIATION ON:- COBAC'rE)IUM TUBERCOULOSIS

Sit's ýt ora.(S) Survival R&f6ret , 1 P

ULTRAV I OLT
S3aline, uiv '762?O-23Y)( IV.) 8 K no of' mitUj,11 Ei d (, Iow 3 9?ý7

Saline, uv.~i'2~( ~ iC . ~c of s
FRecolp, o, 30 min.

Uv D&nth tiiowor ,mt low temp Howz 8 1926
than h~gh, pH has no

Guineai pigs ir~htc rith 2-()m.Nasta t l19)0
5e urine., ii.

Less usi-septible thfLam

Qjuartz-ig, vapor~ at 51n. 3 min. Mr .:mi 1. 2.924

from a 300 hr, hbirner
Quartz-Hg Vap)Or Ps nl)Ove 25 mrln~, V!

Mixed ~~puturn In mn:liht Innoc. Into gle ~~Ci~r1

2-7? hr,
~unij~it1 1il~t~davolopment Dae CarvsUho 1933 I

Diffure daylight K.7 tKoch

Sunlight < ~ 23 hr. W90
4 tLaurens 2.938

DbkI~aet svtnlirrht Ykistroys MPye T, 1921
Spuitum in sunlight Fe,.rm rnr.-48 hr>, it19 "4 1

on cover s~lips in Inrie~ , 0750()0, 142' m,. Smi th 1942
d n rk, 70F9 RTT, P3(9

Spuxtum on bisrnk tAble 1.- in, 0 irng/oC., } 1ýi
iyater susp'n 63F, liii,
771%, lark

Fp-ot~mn, 7?IP', RIPb 1ý4 danrIk blmor 0 1',,N0o i
Spuiumn in diirect irjdin s ln i6-H 1- .. Snp 191 7
Elo ct'i citil 11,.0lit ( X~.~)711,-100 k1t
Sputumr, drvrk 309 ý

Di a ol ta sul t p I I;n ht- (B no IV~~n IV0{~'

I ung o f 1-1:,e
Difung light, %I I

Sun~light, 53C ln!1:'% J. ]loop ;-'1h'4 . nzt mul- 1927
R)rji.0, 30 min.n
I(6ov~~20mm 0 Weinzirj. 19017

X-ray onagr (,!I.. hr. __-Minik 1696
ILhS ON IC
Saline, ultrnsound f'1r4quereS lnone *3.8-xl0 9 , Reduce Grsbar 1,94 c

320 1kilocyclem 75,/, 75 mm0.



TABLE • THE EIPFPECT OF RADIATION ON NEISSLHIA SPiCGIES

tFactor(s) Survival Roference

ULTRAVIOLST
N. catarrhalis

Wave lungths of 2800,
S2650, 2700, & P540) A!. Kills Burger 1928

X. meningitidls
24h. cult., direct sun- 1904
light, IOAM-6PM, 35-37 a. 2 h. Beltencourt

24 h. cult. direct sun
12 noon-ev.;ning

21. h. cult., immarsed in
water bath; 50 C. 3 nin.

55 C. 1 min.
60, 70, 80 C. 1 ain."

100 C. 30 sea, "
24 h. bouillon cul.t. 0-7 C >1 TNeo.
Direct sunlight, dried in
films on surface of'
g3.ss, wood, cotton Few brs. Piller 194

Diffuse daylight passing
2 layers of gnuze 30 h. "

Dirfuse daylight thru
notton towelling , wood 6-7 d. "

(lnss beads, Rl.T., dark 10 d.
Wood " i 8 d.
Cotton " 7 d. "



TABLE _ TH EFFECT OF RADIATION OilT PROTOZOA, AND'M'PTAZOA

Factor(a) Survival Reference

ULTRAVIOLFT
moebae
- oT exposure to uv. Kill d Chamberlain

Parame cium
-- UV. ýKil1led TrLIGHT . .. "'.

O ooEirs deae-shade, in 7-9 wk. Augustine 1923
oubated 6-7 d. -

Outdoors moderate Ahade 5j wk. .
Direct sun I wk.
Water covered soil, Reduc. 99%, 10 d.

dense shade
Water covered soil, Recov. 0, L4 wk.

dense shade
Water covered soil, ligh1 fed.ko. 99%, 18-l-""

shade
Water covered " " Recov. 0, ('<4 wk. *"

shade
Water covered " I " wk. " iC direct sun
Tap water, direct sun " "moderate shae " 1 d. "

"dense shade Reduce 96%, 20 d. " "
"Reduc. 4 5% l mo."

Alternating moist and RHeov. 0, 0 wk. "drying soil
Drying soil, dense shade " " >I mo.

"moderate " 1" I0 d.
0" ditrect sun 5" d.

F4Pes, strong sun >2 hr. Nicoll 1917
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TABLEAL/'L T ME EFFECT OF RAJIATO1i1 ON SAU-OR±LMLA SPEC1IES

Fasotor (s) Survival Ref ruxnoo

ULTRAVIOLET

Phys salt soln., liv. at lwro rosi~sLbnt whon son-
diLstance of~ 5) em. sitizou -with o-nr im-
(lamp 100 v.P 6-8 amps) rmne serims Aktiyenia 1935

Uv. rays., 15 units 110 see. Baker 1C120"
Am'ar, full rvdi.ýti )n of

ITC arc, 10 cn. Rucov. I-Aus, 10 r~in. Bazz-oni I T1 "1.
V1orm-al salt, full a-
ation of HS arc, 5 cm. Recov. 0, 30 abc. U

Uv. on agar Ruduc. v ry s1i,.ht1j,
5 mint. Be uiordL ,C ý.

Fluid, 141 2, li v. 2sec. Drowning1f 1'17
Wrovu lonenths of 2A~00, 2,',.0
2700 ?c, 2 .ILI.0 A0 K±1l3 lurgar I '%2P

UV. Imiov . P00 ce. ervulsoion,
I cw-. 0, 5 ii.Gilles

Uv. 21n0-2800 A ~Vovy sensitivo 11c~ 1917
Isrrs 1"%'0-2005 A Rlerov. 1.LC)0, 10 T--. In

2)T85-2E5iO " ~ I -I

26 Lj$-?26 5 " " 100

Uv. r14ays / 200 -2 53 A ý Reduico count CShcart 9

itCar if -)-052251
Wite It 1'ý90tio 0 I h

dizhraj, 15uni~ts 40-1, ru aBakr

Uyn rir26 - ct 50 e0 Rd.oc con.Citha", c)
S. typhimirlt.i uuih

S.~e t ii .1 hosai~u
Tin laye or wp., dLt Clar 1.";0

Water IniIvt

cut . Pl: cedtnt ~uon~ pe1 tr 10dl-C. ouc

Seale cult ri.ov 0, ark6( ;nn6i (I.. 1,c2
ti I? 'tiro ZlIn direc -a 6 i

Iue ].iht if -,~h It



TAB3LE (COV'D.) THE EFFEC~T OF RADIATION ON SALIN0NELLA SPECIES

Paotor(a) Survival Ref'erence

LIGHT (Cont'd).

Direct r ays of' sun 4-10 h- Osler 19011
Sunl.ight,, 40 C. Inoo. 1 loop 24ý hr. cult

Rocov. 0, 20 rnin. U1,2.192
Noon light Not destroyed after 30

m~.Philiburt 12

31lglt C2. tnoc. 1. loop off 24L hr.
Cult., I100ov. 0, 30

Sunig~ht, 1jiWC. Inoc. 1 lo~op 211. hr. cult.
Recov. 0, 1 h. ýP~eon lir~lit Not destrioyed after 30
ir. in. Philiburt 19206

S. ý,nter. tidis

X-RAY

BoilnCult., '10 C. Inoc. 1 loop, Recov. rno

S. typhosa
lIrradiation 0 rnLi~lt 1j1:Lcation Btyohi2~2
10,000 v. in evacusted
tulbo 1 h. Dogmon 1930

S. nsrsty!-)-. A ýe1
10 , M) - v. in evvcuotadI
tube I. h. I

Cialto o bouiiloi:,, radium 0 mu~l±.tiY oi T~ h rujno,,ho'i.



TABLE THE EFFECT. OY RADIATION 01". SH1IOLMLA SYLOXI,',tS

Facors)Survival Refrence

UJLTRAV IOLET
S, dye.nt0,ia

2700 9c 254~0 A' 4.lls BuLirg, r 1929
)a.~ 

9e~e~

Sealed cult. sunlkl1ht 90i.Lal
I direcGt sUlh-

Sig Iht ?A diffuse li~ht 1, (
8(e,ýlod cul1t., diffUse I.'j14T 36( d

of to if i t to

Sunlig,,-ht, j CIoc1lop21; hr. ttI
BReoov. P, TF1 .I 2i 127

C ~~Strone si.ri].igh1t, cJt:~,

aiic~ u ifr C r I ('. t .. O 1 f1

nI, d iffi! 11' v 3.C 0 (

t 0 * T ,

Sxm]~. .Q.ht or' -Pc,) 1 h. Stewart 1944I

Stroncr sullrt, cou tur A
in bouillon <0 N Puin. Barber~or 1V36A

S. ap'bioma
9tonr~~t't~n1.4T.ht, aniltured
in bouiillon < hO in.

L3LTRASOMIC

18IonI P.31 jic 120. 3x10 3 , j R~duc.
ultrasound ±iroqUijjc./ij3 :~t
680 al~ce Lrutr

Tiinoe~r liquids '11rav(nn Tho .;-Xk aeduc.
320 !ciocc1 1100 0J

OTHER RADIATIOP

Neon lif~ht "ot Idatvoj(-d ai:'ts. 3,-

111I-bv l,2



TA'~J~ e~ii THM ''1'C OF lRAu±.TION ON STPIIrne 1 ?i5 E

P'aoto~'(~) Survivzd.R~riC

UIJTRAVILOLLJT

Uv.41ortened time J3r,,olt V1it In~oc. lini erahile, Rt-Col.
a 120 He rt. ~

Uv. P1.0 exrg/IM2 at ")537 A. Rouuc.. (,0% Sh -,rr, i I.
S. vj7i(9ifl-s

Uv L .q Qv30.Tri L.)1. VI,

Uv. 77'e" _7t7o1 of xyd

,at 0~1-4 oV'W 01* i. A i Then

T.r~ .Cilfw '- ito 0 ? 1~ c
Uv. s'~rreI-to f p

IIIb~ Iih 1 la12.t t

sumli-ht iu~. 11", T, ct* ~ i

0i~tT~ no o r j trtgntth

1-r Oar Rap"u'. 1', u.? . phls 19 3 0
01) floor inmW PetriWYn ¾

- .loon e light 1t 1

A. 1- . 11K



TABLE • THE EFFECT OF RADIATION ON VIBRIO CHOLERAE

Factor(s) Survivnl Reference
--LTR-- I OLET

Uv. ' Reduc. complete, 5 min. Bedford 1927
UTv. i'n raw water Inoc. 15007cc, Recov. Schwarz 1911SPr'Lticnlly 0, 15 ,sec.,

Sealod cult. 1044 d. Lal 1923 7

"direct sunlight 3 d. "Sdiffuse light

Sealed cult. diffuse light 279 d. ""
" 37C,, dnrk 71 d.
" RT " 365. "3.

Sea water direct sunlight 8 hr. Mntsuda 1910
Tropical sunlight, 49C Inoc. 1 loop P4 hr. cult. Tkil 1927

Recov. 0, 15 min.
Sunlight 30-18C Inoc. 300,000 in Ice Yesuke-,., 1933

water, Reduc. 99.91,
5 hr.

Exposed polnrized lVght, 24. Inoc 1 in 100,000 dil'n, Lnl 1926
oncov. 121 colonies,

1 13-30 hr.
OTTTr.ER 177-TATIAoTI

Cult. of bouillon, irn(dlium 0 rnui. tiplicntion, 4P. hr.1 T?1yno)re 101



TABLE~ Ry THlE TnFFLXT OF' RADIATION ON VTMTTMR

F~ctorRef orSurivce

tJLTRAV ý OL4T
Pol.1o Virus

Uv. dusItrution then aun Carls~on 1.942
lUv. Icinctivatied Di~ck
Uv. £ <3S.5 C. 2(3-3100 30 -¶1-1 ?1,)1. JUnol1e[1ut 19'31
INv -R(.'(OV, pl.us up to 2 11. rLovk3it1 1941.
Uv. at 8 ill. Ilion. 61n~ of~ 1% Allapin.,

?5 miin. (did not In'ect
RfliY'als) Tooiniey J~-1CK7

Int)uflua7. virus'
Uiv Not rivon Hollacnde'r 191114

It

Vaccinei VTpus
S rtWqVe TJV. 4 10 IIn. i19ka2

(Uv, 10~0 nrgsa t ?ý537 A ~'Ll 192s8lvi-

Uvnor. < 25, i ill. Givndorsen
*-jakh ;,ormul a1 -lWt .rui-i

and~ lv. 10 mt
Tjv. Rccov. 0,30 -j-11. L(ýVct-"it4.jl ,

I rt. a w. L
bv. fr,); al-ite *:,ur :*

1 ct. -,Waj uV J: .. miI tI
Y~.v. I'Jt il Tlylor 1942

TobA,-(e.o ~sr~qli wI~rl)!
UO10-62Inactivaition Dugg ar 14

Aenno bor'q.-min~'knAss vlisr2
y~v. k'olson 1(150

Virus, ('C'T~rS3.
Uv. 737 r. Serisitivity~ slvll. r to

b:anteria .laenr~ier 1943
tUv Correc.9tion betw~een irk-

_____ activatimo closo '~slze Lea 1 9-

Foliu vi~rus
Dire 0 ts2u11il ,ht 30 r~ii Ca ri s oZ: 1%

xanth-Lme dyes At lightU
Oot ~ ~ ~ -0'!itl*.-1

Aijfit: d~1 e to 7oo



TAKTE (OnTD) '"A E EFFECT OF RADIATION ON VIRUSES

Factor(s) Survival Reference

LIGHT (cont Id)
Foot 94 mouth vir-us

Driod A: exposed to
winter light ) 1 h. Bedson 1027ULTRASONIC ...-- : '•'

Polio virt-s
Bonic vibration Not Affected Scherp I9•6

OTHeR RADIATION
Polio virus

Figh speed electrons Inmcti.ated Dck



TABLE THE EFFECT OF RADIATION ON YEASTS, MOLDS, & FUNGI

I Factor(s) Survival Reference

ULTRAVIOLET
Yeasts

UV.7 24 C., high humiditp Reoov. 0, O5 min. Beauverie 1934.
" light, 1200 candle 7 nin. De Fazi 1921
power lamp at 20 cm.

Uv. Recov. 0, 5 min. expos. Giller 1935
"i Inoc. 32,000; Reduc. 99 Schnegg 1936

Not given Sterckx 1935
Effect ray result from

absorption of energey Oster 192$
Molds

Uv. in air 1hills Luchiesh I149
""Older org. less resist. Stenstron 1931
ft Dnrk nolored molds riore

resistnnt Sutton 1941
lIv. on c~rdbonrd strips Vot ent 4rely killed Tavner 1941

Uvo Lethal action, 1igment-
ntion is a defense Chavtrria 1924

"2650 A In-feastd resi-tnnce
njth age Diriond 1.941

Uv. in petri. diphes $t I
25 am. 1-10 r'in. 1 Fever 1920

Uv. muoc. L.,mume#ra ,Rce
o, 20 yrin. HartUv. 3,0 °f~tll~s Hollaender 194L

LIGHT

nIht Not gi,,en Wprd 1894
" 8h. _Weinzirl 1914

ULTRASONICYeasts,
Ringer soln ultresomnd 1 ne. 1.3x 109, Reduc.

freniAency 1.oncleo IV, 30 rin. Gabar 194.

Molds
=Eectron bombardrient In

1i1h vacuur, Survive Cooper 1)36
10,000 V. in evr~utited
tube 1 h. Dognon iq30
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SUMMARY OP ABBREVIATIONS USED IN TABLESI
alk. alkaline
avge ave rage
C. Dogrees centigrade
Col, Colonies
conc, concentration
cont'd, oonts continued
et, colmt
cult. culture
d,0 do., das. day or days
Dessic. Desiccate
dil. dilution
F. Degrees fahrenheit
fl. f lui d
G.P• Guinea pig
gel. Gelatin
h., hrs hour or hours
inc, increase
Inoca, Innoc. Inoculate
irrad. i±•radi ated
L9. Large
maxz maximum
mede medium
met, methy!
min. minute or minutes
moss months
mult. multiplied
orge organi sm
path. pathogenic
physiol. physiologic al
ppm. parts per million
ppt. pro cipitate
ReX, Relative huml4ity
R.T. Room temperature
Reoov, Recovered
refrig, refrigeration
so# second

a a an aeI sonaitization
soln,, sol'n solution
Opp's species
stre strain
susp., susp'n suspension
T.B., tb tuberculosis
temp, temperature
UVe,, Uev,, UV Ultra violet
wks. weeks1r t ibmea

,, yrs. year or yebrs
greater than
less than
present; plus

0 none
- minus
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TABLE -5, THE SURVIVAL OF BACILLUS SPECIES IN SOIL

Factor(s) Survival Referene

MUD
B. subtilis

Black mud, dark, moist iecov. 0, >80 d. Rubentschik 1936
B. cereus var. tayoides i

Blck md dnrk. moitst IReC oov .__ -""
GENERAL

BA anthracis
Soil and manure 3 cm.deep Spores-lO wk. Beranek 1948
Surface soil 112 yr. Pasteur 1881
Dry ster. soil, 3% moist. Sporulation of possible Minett 1950
Ster. muddy water stored Survived over 2 yr. "

in a pond on the plainns
of India

Soil More or less permanent iSanyal 1941
Ihabitat

Moist or dry earth 133 mo. Sirena 1894
Soil over burial place of J15 yr. Wencke 1900

dead anthrax animals
Gravel, carcaoses buried 120 yr. W

20 yr.
B. subtilis I

Soil 400 meters deep, 30C Inoc. Bouillon & 27/ Lieske 1929
watt extract with 2%
agar, rerov. growth,
1-8 d.

B. OPp.
B. cereus, megatherium, Multiply lst. 40 d., dec]Katznelson 1940

and mycoides in ster. and at end of 85 still
s0il dec.

Soil 500-600 meter deep, Inoc. into beef extract Lieske 1929
30C pepton-bouillon & 2%

malt extract with 2%
Sagzr, growth 1-8 a.

0



TABLE • THE SURVIVAL OF BRUCELLA SPECIES IN SOIL

Foctor(s) Survival Reference

SAND
B suis
_ S a_ _ *120 d. Bryan 1934

GENERAL
BA-a bortus

Unheated cellar Oct., <4 d. Cameron 1932
dried quickly

Unheated cellar Feb., 27 d.
dried quickly

Test tubes, lab temp., 37 d.
dried slowly

Wet soil, unheated cellar 66 d. "
B. melitensis

Soil, favorable condition 10 wk. .ang 1897
Damp ster. soil 72 d. HorroQjks 1906
Dry ster. manure soil 69 d. "
Moist ster. " 0 17 d.

"unster. manure soil 20 d.
B. suls

sol- 46 d. Bryan 1934

Soil in pastures whore Poor survival Christiansen
animals excrete large 1950
amounts of org.



TABLE 53 THE SURVIVAL OF CLOSTRIDIUM SPECIES IN SOIL

Factor (s) Survival Referenco

C.. botulinum
Soil from counties in Md. A, D, & 0 strains isolat- Damon 1926

where veg. grow ed
C. tetani

Sandy loam - corn -Isolted

SAND
C. botulinum

Veg. grown in sandy soil Isolated Damon 1926
in counties of MdW

GENERAL
C. botulinum

Soil in central N.Y.., pH Type A more predominant Parry 1946
4.25-8.5 than type B, toxic

cult. type A, greater
% of toxic cult. from
cultivated soil

Soil More or less permanent Sanyal 1941

C. tetani 
habitat

Soil More or less permanent
habitat

Found Dubovsky 1922
Soil of school ground Ishihara 1933

C. perfringens -(welchi.i)
Soil More or less permanent Sanyal 1941

ha bi tat
C. tetani (contvd)

Soil Years T. & W. 1946
English soil plus botuý Found Haines 1942

linum
Soi'% from alley near Foraker 1941

n ta bl

0



TABLEr, THE SURVIVAL OF COLIFORfL IN' OIL

Factor'(s) Survtval. Reference

LOAM
Escherichia toll,

Rich loam, R.T. Becov. unchanged 1 me, Horrocks 1903
Virgin loam " " 6 wk. " "
Sandy and clay loam i 5.41ogs/10Ogm, Mallmann 1,951

0 wk.
"Recov. 3.8 logs/lOOgm,

1. 1 wk.
MUD

E. coli
Mud with infected water Demonstrable 45 d. Bartos 1947

outcid! temp.
Tidal mud 3 mo. Save ge 1905

SAND
E. cali

Virgin sand Recov. unchanged 60 d. Horrneks 2.903
Sand Recov. 4.9 logs/lOOgm. Mallinann 1951

0 wk.
Recov. 0.8 "

11 wit.
1 cc. sea sand Inoc. 48 hr. broth cult, Winslow 1.912

liecov. 0.02/gm, 240hr,
Sand, 69C, R.H. 90Q Rccov. 67.23/gm, 8 hr.

"to 7 2 44.48/gm, 10 hr.
-j_70C 6 60 "7 hr,

GENERAL
E. coli

Ordinary scil ind sewage 53-,65 d. Firth 1902
Tomntoes Lsrown 'in soil 1 me. Falk 1949

with sewage
Soil forti.izcd with Inc .l Reeov 10 , Octrolenk 2.947

chi Cken Ifanuro 720 7 d.
Soil fertilized with Tnoco 2.0-7. nccov. 1(-2t

•hi ktl, un .,:.• [(T.1.5", d .

Normal fea,-ý.- ztorccd with 112 wk. Jordan 1926
airden so5l0 R.T.

Normal feces stored with 6-8 wk. Chick 1900
beach sand, R.T.

Roads, dry Shrt tilfl "
"of wCt Much long<,- " "

Garrd(n vzoil s3t(Jo with Inne. senil2 strain & 3 F( IIov 1923
dry heat f (c.] st,:aint 2 m1L.:

ftouncd in 2 L:w.w
SIoo(. ] IuUl.,iL(/ ter Klein 1935

water, perristant 410d.
Ster. soi, 1].8-20C0, dark' 3>4 me. Koser 1924

moistened with ster.wn t er

Ster. gardon soil yivng after 3 yr. 7 mo. Kulp 1932
Soil, 60% moisture, steri.- Isolated 17 mo. later Fellow I.923

lized with dry heat



TABLE o (CONTOD) THE SURVIVAL OF COLIFORT,' IN SOIL

Factor(s) Survival Reference

GENERAL (c o n t ' d)
E.. Cell

Soil,' 40-•0-i0•% moisture, Isolated 17 mo. later Fellow 1,923
ster. with dry heat

Soil, l0OQX moisture, air None at end 1 mo.
dried

Soil, 60/ moisture, air in 10 gin. in 2 mo. " "
dried

Soil, 40-20-10% moisture, Fecal & soil strain preo
air dried sent at end of 34 mo.

Dry coil I,5 d. Firth 1902
Soil G 3 wk. Holrrocks 1903

"16-.8 wk. (Huuston 1897
Virgin soil E. coli generally absent " "
Unfertilized soil, R.T. lInoc. 10 gm., Recov. 10 Ostrolenk 1947

1 gin. 667d.
Soil with pecans, R..T.., lInoc.10- 7 , Rocov. I0o6",

artifical infection 106 d.
Soil 18 mo. Previtero 1945

"Low temp., moisture, Rudolfs 1950
organic matter, and
absence of other orgo
inc. the viability

Tomatoes grown on polluted Death rate slow in stor. 195].
soils age~soaking in water

at GOC for 5 min. most
effective

Street scrapings 4 yr. Savage 1904
Soil Inoc. 600,000, Recov. 5, Skinner 1926

122 d.
Inoc. 9 ,000000; Recov, " "

5P 176 d.
"' ,with E. nlj *nd Ir' 1 .. 300,o0°0 Ra ecov,
A. aerogenes- 5, 176 d.

Dry soil 8 d. Tanner 1944
Moist soil. >60 d. "
Ster. garden soil, 100 Reeov. 0, -l yr. Young 1923

moisture
Ster. gardeu coil, 60-40- ">17 mlo.

30-i140, moisture
Unater. garden soill cc. moM.

susp'n 1,0OO saturation
Unster. garden soil, 60. 2 mo.

saturation of 1 cc.
susp n

Unster. garden soil, 1 co. >17 moo. " "
susp'n 40-20,-l0%a sat.

Soils 4 yr. i N

SAerobacter aerogen es
Ster. garden Living after 3 yr. 7 mo. Kulp, 1932
Soil Inoc. 13,000,0UO; Recov. Skinner 1926

50, 218 d.
Soil, plus E. coli Inoc. 800000, Recov.80, "

21.8 d.



TABLE (CONT'D) THE SURVIVAL OF COLIFORM IN SOIL

F'nctor(s) Survival ne ference

GENERAL
Enteric bnctcria

Ster, originanly contami- -,404 d. Martin 1896
inated soil, 3-19 C

Above dried to powder, >4 d.
3-19C

Ster. virgin peaty soil, -1 d,
3-19C

Uneter. soil, 3-1l9C >50 d.
Ster. dry soil, 2-12C 157 d. 1898
Unster. dry soilo 2-12C 12 d.

9



TABLE _.2 THE SURVIVAL OF CORYNEMUCTERIUM DIPHTHERIAE IN SOIL

Facctor(s) Survivcl Reference

BAND
Fine eand, 37C with cult. Recov. 0, 30 d. Germano 1897

dried in air
Fine sand, 370, with cult. ' 50 d.

driec, over H2 80 4

Sand 175 d. Laurell 1949
>98 d., Recov. mostly Ouchterlony 1949

with unimpaired tOxic-

GENERAL
Soil at 370, dried in air Recov. 0, 25 d. Germano 1897

S.. " over 35 d.

H2804
Soil 208 d. Laurell 1949

Soil >98 d., recov. mostly Ouchterlony 1949
with unimpaired toxic-
i ty

Soil drained May be killed Sharp 1896



TABLE -•56 TIHM SURVIVAL OF' FUNGI,YEASTS AND MOLDS IN SOIL

9 Factor(s) Survival Re fer'ence

.Aotinpmycee
t_•• te_,_dtsoil Fewest occured Jensen 1930

GENEMIRAL

Malleonmces mallei
Pasture Unsafe for at least 1 yr.! Lovell 1944

ActinomycesI
Soil, April-May 150.160 million/g. dry Eggleton 1934

soil
Dryl soil, hot summer too. 110-1,20 "
Any " Sept. inc. in 130-140

moi eture
Soil, winter 110.1.20
Strongly acid pH<5 Few Jensen 1930
Soil, pH 6.8.-8 Highest no.
Field frozen over 2 mo., Actinom.ccetes made up 30. Lochhead 1925

200 of total no.
Field, 3C No Actinomycetes found
1 gin. of field soil Contains 1OT-201 Wakvman 1927

Actinomyces bovis I
Soil More or less permanent Sanyal. 1941

Fungi g eneral. habitat
Soil in autumn Higher than spring Eggleton •oc
1 gin. field soil Contains I.OT,20M fungi Waksman 1927

Yeasts general
Soil <1. Mo. Owen 1948
Spores in soil Lasted thru winter Tanner 1944
Yeast in soil under natur Live for long periods

al conditions of time
Mold general

Soil, -2 to -1..4C Activity was unaffected IDemoussy 1929
Dungl general (cont'd)

Seed.,bed soil. Dsirnfected by solir Grushevot 1940
enerIy



TA BLE THE SURVIVAL OF MICROORGANISMS IN SOIL

Facto r(s) Survival Reference

CLY
Agrobactc-riumi tumefoCion3

Clay 539 d. Patel 1929
LOAM

Agrobac teriwum turne faciiens
Loam 587 d. ,Potel 1929

MUD
Pasteurella tularensis

Mud naturaoly contaminated 12 wk. Parkccr 1943
and stored in cold

Uncontaminated mud " " Steinhaus 1945
PEA T

Vibrio comma
Independent of amount of 24-26 hr. Dempster 1.894

mo i s tur e

SAND
Dip1ococcus pnoumoniae

Dried cult. mixed with 2 d. Germano 1897
sand and vag. oil

Agrobacterium tumefaciens
Sand 669 d. Patel 1929

Vibrio comma
White ciyatal sand 4 d. Dempster 1894
Moist white crystal sand >7 d.
Yellow ocnd 4 d. " "
Moist yellow sand > 33 d.
Excess moist white crystal > 28 d.

sand
Excess moist yellow sand >68 d.
White crystal. sand: eois- 3-8 d.

ture allowed to evap.
White crystal sond, mois, > 47 d.

ture not evap.
h..... . Z,.. 1.57%. 27 d. if

mointure
White crystal san1d, 0.66% 30 d. "

moisture
White crysetal cand evap. > 174 d. "

preyented,__7_.1jo i s tur_
VOLCANIC ASH

Diplococcue pneumoniae
Dried cult.o-nd mixed 6 d. Germano 1897

with volcanic nsh, kept
moist

GENERAL
Leptospira ictcr:ohaemorrhagJae

Polluted soil 3 d. Noguchi 1918
Leptospira -spo

Wet j-round mineas months Buchanan 1927
Pseudomonns fluorescens

Soil 45 d. Katznelson 1940
Dried blood or l,.falfa Disappeared from soils

added to soil



TABLE j (CONIT'D) THE SURVIVAL OF MICROORGANISMS IN SOIL

e Factor(s) Survival Reference
GENERAL

High degree" soil humidity Favors presence, may en- Kathe 1945
with hot wcather ter skin if person in

in contact with mud
or water that is in-
fected

Vibrio comma
Garden earth 4 d. Dempster 1.894
Moist garden earth > 33 d.
Excess moist garden earth >68 d.
Soil, no moisture 1-2 d.

Azotobacter spp.
Soil, dark 10X nos. in soil in sun Dhar 1939
Acid soils <24 hr. Katznelson 1940
Lime and soil Survived
Lime and dextrose and soil Multiplied " "
Pure cult. in ster. soil Multiplied upto 40 d. " "Ithen dec.. Still dec.

at 85 d.
Indiam & Malayan soil,, Capable of growing but Waksenan 1940

pH 3.6-3 limit on acid side
Soil jPresent Vandecavege 1.934
Soils most frequently IShowed largest no. of Kanivets 1938

fertilized with manure azotobacter



TABLE ) THE SURVIVAL OF MICROORGANISMS IN SOIL (GENERAL)

Fnctor(s) Survival Reference

GENERAL
Cult. of legume bacteria in No serious injury Albrecht 1930

.. lass bottles, extended
• exposure to Uv. light.
on dried soil
on natural soil Viable 7 yr. N N

Soil Survives extremes of Vandecaveye 1927
moisture & temp.,
absence of host, and
wind and dust storms
to some extent

Lactic acid bacteria in 5 yr. Barthel 1924
ster. garden soil

Anthracite coolL from WValea 5 hr. in autoclave does Lipman 1931
& Penna not kill all org., 50

hr. in hot air oven
does not kill all org.

Denitrifying & ammonifying 1-10 wk. were not in- Bryan 1935
exposed to -020 -nd 7C jured

Nitrifying bacteria, -20O & 1-l0 wk. were injured "
7C

Ammonifying, nitrifying &
N.-fixing org., -•2 & 14C Activity unaffected Demoussy 1929

Bacteria in soil, April. 150-160 miillion/g dry Eggleton 1934
May soil

Bacteria in soil, hot sum-
mer mo., no moisture 110-120 million/g " "

Bacteria in soil., Sept. 130-140 million/g
moisture

Bncterin in soil, winter 110--120 million/g " t
Soil bocteria? lOC, cult. Greatest survival 24 mo. Greaves 1944

of synthetic g.lucose agnr produces a ratlher
permanent change in
t•cli nitrifying flnro

Soil bacteria, 40C0 cult. Least surv.vol at 24 mo. it

of synthetic glucose agar materially reduced N-
fixing powcrs

Sulfur & Fe bacteria in soi 1-3 d. Liesky 1929
400,-1089 meters deep,
R.H. high, 30C, Inoc. int)
beef extract-,pepLon bouil-
ion & 2o malt extract
with 2. agar

Bacteria in 2. gin. of field Contains 100 million Walksman 1927
soil 3 billion

Addition to fresh 2oil of Resulted in their rapid Waksman 1940
washed susp'n of living death
bacteria

Sea water and mud, 30C 25% killed, 10 min. Zobell 1940
Field soil frozen over 2 mio Non sporulating short Lochhead 1925

developed on albumin agarJ rods., non-liquifying o
200 slow liquifying most

abundant



TABLE B (CONTID) THZ SURVIVAL OF MICROORGANISMS IN SOIL (ryTNERlAL)

lFac tor(s) rSurvival Reference

GENSBAL (cont'd)
Field r-oil frozen over 2 111o Non.]iquifying short Lochhead 1925

developed on albumin 11,aMr. rods predominated.
3C No.. of col. at 3C 10%

of no. at 20C
Aerobes in black mud of Inoo. 300,O00o-400,OO/ Rubenchik 1935

"dry estuars" near Odessa g. of mud, still alive
stored since 1901 in seal.
ed tube with C02 or H 2. 1

Anaerobes as above Inoc. 64000-72000/g. of
mud, still alive

Bacteria activity closely co rrelated with solar Feher 1930
energy as expressed in air, soil temp., & light
intensity.

Soil supprosses growth of mincroorg. in agar on petri Novogroundsky
dishes. 1948

Influence of pHI, water, ill. mination, and air on Bokor 1926
mnicroflora.

Sterilization of soil and i s effect on bacteria. Hall 1950
SBacteria in polluted soil. Heiser 1917

Sporebearing bacteria found in soil. Laubach
Microorg. in soil found in Interior of vegetables. Remlingen 1909
Microorg. in soil. HRossi 1931
Bacteria salmonicida in riv4r water and silt sur. Slack 1937

vives 12 wk.
Inc. in no. of bacteria in 4rozen soils is result Bryan 1935

of bresking up of bacterid clumps rather than
actual inc. in nitrifying; bacteria.

Ordinary soil conditions un $avorable to high anti-• Ciferri 1949
biotic production as a rulle & also to sporulation
of molds, inactivating at, nts arc frequent in soil

C02 in soil result of activity of soil microbes. jFeher I
Defin•te correlaLion betw en seasoe1l .han,,es in
soil microbes and 002 p0o2ucttvn. COS content of
lower layer of the atmosplere beneathi the forest i1
influencod by soil respir'tion.



TABLE _- THE, SURVIVAL OF MYCOBACTERIUM SPECIES IN SOIL

Factor(s) Survival Reference

GENERAL -------... ........

M. tuberculosis
Under- 1 gj0ring of snow, 6 wk. Galtier 1887

Soil 3-3j mo. still virulent Loesener 1896
Soil, dung and pasture, Living and virulent at Maddock 1933

summer and autumn 178 d.
Cow's feces exposea on

pasture land, 8.7 lb.,
winter Recov. 0, 5 mo. Williams 1930
spring " 2 mo.
flutumn " 4ms. m N
summer 2 tno.

Cow0s feces, 7-8 lb. ex-
posed on pasture land,
protected from sun in 4 mo. N "
summer
protected from earth. 6 ma. "
worms in autumn

Soil, dung and pasture 29-6 ms.
land summer and autumn

12 guinea pigs kept out. Inoc. 12,000,000 org./ Maddock 1934
doors, grazed on infect- sq. ft. of grass; 2
ed grass, grass infect- died of pneumonia, 8
ed 4x one mo. apart out of 10 infected

with tuberculosis
12 guinea pigs in shed an 6 out of 12 contracted

fed on cut infected tuberculosis
grass, 2 oz./pig/day

Garden soil & canal liquid 1.23 d. Musehold 1900
4r-V exposed to noon
A-un
Gai deni sofi left, & r:.nal 1 -, i.t

iiquid manure exposed
to weather conditions

Garden soil & canal liqitd 66 d.
manure exposed to all.
weathcr and noon sun

M, tuberculosis (bovine)
Pure culture mixed with

cow manure exposed 2"
layer in pasture in Alive and virulent for Briscoe 1912
sunshine 2 mo.
shade Longer time
garden soil > 213 d. <230 d.

Soil in South of Eng., 49 d. Maddock 1933
summer

Pasture land Survive well Williams 1930
M. tuberculosls (avian•j

Toluol sterilized soil 3 mo. Rhines 1935
Unster. soil >33 d. I I
Barn yards 12 mo. Schalk 1928

M. tuberculosis (cont'd)
Soil & sewage if properly treated is free of org. Pramer 1050



TABLE 516 THE SURVIVAL OF PROTOZOA AND METAZOA IN SOIL

Fa c to r (s) Surv iva 1. Re fe renc e

Ascaris lumibrcoidc's
Eggs, cloy summer t6(;,p. 2 mn. Otto 1929

on surface in Chodo in
s.W. Va.

On surface in suij i S.W. R,.Fcov. o ".,.gg ijolated "
Va., summer Le01mp1. oti]]. alive, 160 d.

Soil, sun 71,1 imroti.]., 21. d. Brown 1927
• sha de 85.,- " o to

Necator americanus
Clay /;-u,,.I. /'l 49 llccv. 6/., 9 Cd. Payne 1922

tin sleeve contaoir(rs
LOAM

Ascaris lumbricoidees
Human oscaris eggs, 2;u- 2 mo. Otto 1929

mer temp., on sm-ur:,ce
in shade in S.W. Vq.

On surfece in sun, S.W. Reov. 3 .160 d.
Vs., summer temp.

Soil, shade 189.3;b Doli, 21 d. Brown 1927
" s un 54/ If of #

Necator americanus 1I00 fecov. 18,
"5-8 d. old cul•• 't. n'a. ns.. , , Auustine 1922

moist clay lo2m 26 d.
5-.8 d. old cult. l'.1 VOR, inoc. 3 9', Recov. 5. IN

moist clay 10,1!, sod 26 d.
5,-8 d. old cult. larvo, Inoc. 500, Recov. 9,

moist red cl,_y loay ._ _6 cI."
SAND

Ascaris lumbricoidoo I
Human eggp.s on surface in2 110. Otto 1929

shade in S.W, Va.. ouri"
mer temp.

On tirf-•co J i•&rj $ ' y • Inv. _ &g•:s isolated n i
Va°, S.9 ilUhiir' temp). stl2l alive, 160 d.

Soil, sun Recov. 0, 21 d. Brown 1927
" shade 90.8 motile embryos,

35 d.
Necator ame ricanui t

5-8 d. old cult., maoiut Inos. 498 larva, Recov. Autgustine 1922
sand 91, 1. lb d.

Trichuris triohinr,%i
SoiiL shade "4' l i Ad.Brown 1927

GENERAL
Ascaris lumbricoides

Veg. on soils manured wit, Foud Heeger 1949
human feces

Ergs buried in ground ,5u-.idO d. Yoshida 1920
with thin layer., winter

Endamoebe histo .tika
Uy'sWin soil &--f 3, 8 d. Beaver 1949

R.T., & J4C for 4 hr.
Cysts in soil & feces & '6 d. "

water, R.T. 1 hr.



TA BLE ¼ ) (CONT'D) THE SURVIVAL OF PROTOZOA AND IMETAZOA IN SOIL

Factor(s) Survival Reference

GZELRAL (cont'd)
-thdamo eba hi stoly t ica

Cysts in soil, feces & 4 d. Beaver 1949
water, 140.12 hr.

Veg. fertilized by feces A factor in spread of Winfield 1939
dysentery as part
played by handlers

Necator americanus
Larva in moist soil, out. Few existed it end of 7- Augustine 1923
side temp., incubated 9 wk.
6-7 d., left in shade

Larva in moist soil, in. Almost comrplete dying N

cubated 6-7 d., outside out at 5ý- wk.
temp., mod. shade

Larva in moist soil, in-, 1 seen at end of 1 wk. N "
cubated 6-7 d., outside
temp., direct sun

Dry soil, dense shade Recov. 0, > 1 mo. o f
SN mod. shade Recov. 0, 10 d. 0

" N direct sun 1 . 5 d.

"16C Inoc. *345, Recov. 0, N
171- wk.

"20-3]C Inoc. 335. 'Recov. 0, 7wk
" N 27C " 341?

11 wk.
" " 40C Recov.9, 1 wk. " 1"it 35C "3 """

of U 16C a 14 wk. " "
" " 27C " 11 wk. N "

Soil, favorable conditiona 6.12 wk. Payne 1922
"35C 3 wk.
"270 >9 wk, " "
"15C 10-.2 wk.
"00 wC. N

direcL sun 5 d.
42-84 d. Yoshida 1920

Larva in soil and feces, Inoc. 150, Recov. 0, 6 Augustine 1923
direct sun, no veg. wk.

Larva in soil and feces, Inoc. 4,208, Recov. 32,

direct sun with veg. 6 wk.
Larva in soil and feces, Inoc. 8,160, " 0,

direct sun with veg. 9 wk.
Larva in soil and faces, Inoc. 98,160, Recov.

bright shade, no veg. 169044; 5j wk.
Lerve in soil and feces, Inc. 105,600, Recov.

bright shade, no veg. 0 10 wk. & 2 d.
Larva in soil and feces, Inco. 30,960, Recov.

light -hade, with vog. 12,040; 6 wk.
Larva in soil and feces, Incr. 36,592, Recov. 60,

light shade, with veg. 9- wk.
Larva in soil. and feces, Inoc. 9,680; Recov. 2420

dense shade, no veg. 5 wk. & 3 d.



TABLE ' , (CONT'D) THE SURVIVAL OF PROTOZOA AND METAZOA IN SOIL

0 Factor(s) Survival Referen•,e

GENERAL (contod)
Necator americ,:,Uj

Larva in soil and feces, Inoc. 48,168; Recov. 0, Augustinc 1923
dense shade, no veg. 9 wk.

Larva in soil and feces, Inoe. 190,120; Recov.
*dense'shbde, with veg. 104,360; 5 wk. & 5 d.

Larva in soil and feces, Inoc. 99,680; Recov.
donee shade, with veg. 540, 9 wk. & 2 d.

Soil and feces dil. with 99%reduc.0 8-12 wk. Cort 1925
water in spring

Soil and feces dil. with 99V reduc., 4-6 wk.
water, summer, 70F

Soil and feces dil. with 99Y redUc., 2-3 wk.
urine, summer

Eimeria tenella
Oocysts of E. tenella in 1i yr. Farr 1949

soil, direct sunlight
Oocysts of E. tcnclla in " "

soil, part shade
Oocysts in soil, deep " "

shade
Addition of 10% CaO to Org. still present 12 wk Patterson 1933

contaminated soil
Eimeria maxima

Oocysts in soil, direct <1 yr. Farr 1949
sun

Oocysts in soil, part " " " "
shade

Oocysts in soil, deep " "
shade

Eimeria acervuline
Oocysts in soil 86 wk.

Gastrointestinal Nematodes f shee2
Pasture soil, temp. warm Good survival Kates 1950

and moist
Pasture boil, cold 14ighly resistance H "

weather
Pasture soil, drought Low "

and hiLgh temp.
Pasture soil, free living Most resistant to com-,

stages, drought high plex climatic conditia
& low temp..

Pasture soil, larva of 3-3.5 mo. " "
most common parasites

1 gm. of field soil Numerous Wakeman 1927
Toxocara canis

Soil under snow Winter moo. Owen 1930



TABLE THE SURVIVAL OF SALMONELLA SPECIES IN SOIL

SFactor (s) drvival fleSferencal

CLAY
S. t- ho

.Clay, r1ainy senson 16 wk. Beard 1937

____15 d. Levy 1903

HUMS AND GCAVEL
S, typho sa

Humus and gravel, RT. Inac. 24 hr. bouillon Rullmann 1901
_ cult.. 9-16 ma.

LOAM
S& t-yphoso

Loam 49 d. Beard 1940
" rain 120 d. N o

Sandy loam with raw sowntp Recov. 0, 5 d. Mallmann 1.951
Clayloam " 12 d. N N

MUD
8, typhossa

Mud at bottom of aquarium 2 mo. Huofffmnann 1926
Tidal mud 5 wk. Savage 1905

SS.. tyhmurium
MAud in infected water, Demonstra.ble 22 d. Bartos 1947

outside temp. ........
PEA T

@A. typho sa
Stock cult_ and dry peat, >13 d. Firth 1902

at 51F. max. 56F and
min. 37F

Peat, pH 3-'4 Low survival Beard 1940
Peat 24 hr. Dempster 1894

" dry or wet or molit 20-30 d. Hanne 1932

Pure pea t 24 hir.Matn 19
Peat with ,ewa-L, 52 - 78F 1_.1 ...... Firth 1902

SAND
S. typhoesd

Fine sand with dil., raw IInoc, stock cult., 6 d. Firth 1902
sewage, 33F-54F

Fine sand with dil.. raw entoric stool cult,
sewage, 55F,.75F 13 d.

Sand 1 4,-7 d. Beard 1940
Dry sand, 53.-83•6 >25 d. Firth 1902
Fine sund, molst P12 d. "
White sand T0 d,. Dempster 1894
Sand with sewige Recov. 1.336, 33 d. Mallmann 1951
Ster. sand 55 d. Murillo 1919
Filtered sand 82 d. 0sler 1901
Ster. sond, filtered, 140C Viable 82 d. Uffelmann 1894

air dried after 36 hr.
4 min. water smmpf'n

" GENERAL
S. ,r typhosa

Soilt freezing temp <12 mu. Beard 1940



TALE __ CON (0NTID) THE SURVIVAL OF SALMONELLA SPECIES IN SOIL

Factopo(s) Survival. Reference

-GENERAL

Soil moistened wvith sew- Inoc. Stock cult., 74 d. Firth 1902
age, 33.2-83F

Soil around drain moisten " 65 d. "
ed with sewage, ].4,3.
58.8F

Soil around leaking drain " Stool cult., 53 d. "
moistened with sewage,
40.-81F 4F

Soil with sewage kcpt n" 45 d.
a closed box, 19.6-50.

Stool of carrior mixed < 7 d. Horrocks 1911
with garden soil

Ster. feces, infected sol] noc, 1 cc ,4 hr. bouil- Rullmann 1901
R.T. lon cult.'" Viable 1 yr.

Unster. feces, infected InoT.. ]cc 24 hr. bouilbA "
soil, R.T. Ion cult., ViabIc lOOd.

Soil 50Z in 48 hr. Beard 1940
SMoist sol.9 freezilg temp. 24 ma.

If " and 99L reduc. in 18 ma. II

refreezing
Moist soll with ramn add.. 55 d. Firth 1902

ed, 16.2- 57F
Soil and rain, 14.8.54.3F 44 d. " "

"i t 34 -62F 32 d. " I

Surface soil. 322 hr. sun- 22 d .
shine

Soil m'-aG. Grancher 1889
Garden earth 10-21 d. De mpat 'r 1894
Naturn] soil 3 raG. Karlinski 1,889
Soil, dry 12-30 d. Kligler 1921

" wet 40-90 d.
Unster-. stil P42.-74 A Mair 1908
Ster. 9 d. i
Natural soio. Small no. 70-80 d. I f

"o ,arg e " 20 d.
Soil enclos.ed by grass & 84 d. "

moisture ad(](;d
Gardcn soil 360 d. Murillo 1919
Soil, frcczing tony. Decrea:oes viiability Robertson 1898

"ow temp,moisture, inc. Rudolfs 1950
, uP~tm•t. viability

">100 d. Rullmann 1901.
Polluted soil, ster. >16 mo. If II
Garden eart1h 21 d. Osler 1901
Ster. soil Inoc. broth cult., 216 d Rullmann 1901.
Soil filtrate, daek Inoc. 7000/ml., Recov. Buys 1941

1lO0/ml.s 5 d.
Dry Soil >2 wk. Sedrwick 1902
NIatural ltso I 1I d. Smith 1903
Dry soil 0 d. Tanner 1944
T10oist so0l >60 d.



TABLE ..5 (CONT'D) THE SURVIVAL OF SALMONELLA SPECIES IN SOIL

Fac to r (s) Survival Refe rcn (2

GENERAL
S.t typhlo 2,:

Stor. garden soil., 140Cv Viable 21 d. Uffelmann 1894
air dried after we tting
with suspon of typhosa

Upper soil layers 6 too. McFarland
Soil natural or ster. Short time Smith 1904

" with cnrrier urine, Inoc. 12000/gm, Recovo lorrocke 1911
allowed to dry at lab. 330/gm, 7 d.
temp.

Humus frown [,,crdon soil Inoe. 1600/gin, Recov.
with carrier urine, cx,,' 280/gm.: 10 d.
posed to 'veanthcr withrlut
rain

Soil Found on veg in soil Melick 1917
S. p'ratyphi A & D

Dry soil 8 d. Tanner 4
Moist soil > 60 cd. "

• S. enteritidis
Soil Short time iSmith 1904

S. pullorum
Soil, pH 7.0 264 d. Sany.-,1 1941

S. galq inarum
Soil, pH 6.2 .6.4 1 wk. Sanyu1 1941

"U 6.7,7.0 40-70 d. "
S. spp.

Tomatoes grown on ferti. <7 d. Fa.k 1949
lized soil

Soil and fec(co(enteric 53 d. Flrth 1902
stool) 38 79F

Damp soil with raw cewage 35 d. " "
Moss 404 d. Martin 1898
Ster. soil Denth more rapid a
Dry soil Inr,, ".g:ir & 3 drops Pfuhl 190

feces au?3p'n, Viable
28 d.

let garden earth, 1ý-21C Inoc. agar and feceso, I
viable 3 moo.

Soil from 1 summer to an., Sunlig.ht kills org. on Robertson 1.898
othcr surf. <1/10 inch deep

still alive
Tomatoec growing in field ' d. Rudolfs 1951

fecal matter appli2d



TABLE _). THE SURVIVAL OF SHIGELLA SPECIES IN SOIL

Factor(s) Survival Reference

SAND
S. i~eteritae
.Sand ieted room .Viable 12 d Pfuhl 1902

GENERAL
Sdysenteriae
Feces and earthp 1.5-15C >101 d. Hampil 1932
Earth and water, 5-6C Growth inhibited Hampil 1932
Dry soil 12-,3O d. Kligler 1921
Wet " 4090 d. " "
Wet garden earth, 1½-.21C Viable 101 d. Pfuhl 1902
Feces applied to tomatoes 7 d. Rudolfs 1951

growing in field
Garden soil 6-49 d. Vincent 1917
Soil 6-15 d. Zinsser 1939
Rich garden soil No survival time Felsen 1945

S, paradysenteriae (Qer
"Series of trenche's at 1.2ýnoc. 25 cc. 10 day brol "

3,4v5, & 6 ft. levels cult.,, 1 yr.
Rich garden soil No survival time



TABLE J THE SURVIVAL OF STREPTOCOCCUS SPECIES IN SOIL

Factor(s) Survival Hefernece

LOAM
8, f Iecalis

Loam Rfecib. 6.4 logs/lOOgm., Mallmann 195].
O wk. ,,

"Re(iov. 0.7
1i wk.

S. spp.
Loam (Isabella) noce. 5.9 ]orp/]00gm., N "

Reeov. 0.3 logs/1O0
gm., 9 wk.

" (Fox Sandy) inoc. 5.2 1ogs/IO0 gm.,
Recov. 2 logs/100 gm.,
5 wk.

" (Brooketon clay) Inoc. b.6 logs/i0O gni.,
Recov. 0.8 logs/100
gin, MI wk.

Muck 1h1c. b.9 logs/*/ gi0., " "
Recor. 0.6 logs/ieO
gm., 2I wk.

Dried Miami sandy loam, Inoc. 5.5 logs/1OOgin.,
1 treatment raw sewage Recov. 3.7 logs/lOOgm.
& 8. typhosa 26 d.

Dried Brookston clay loam, Inoc. 5.7 logs/lOO gin.,
1 treatment raw sewage Recov. 2.9 logs/lOOgm,
& S. typhosa 33 d.

Dried muck, 1 treatment Inoc. 7.0 logs/100 gm.,
raw sewage & S. typhosa Hecov. 1.4 igos/1OOgm.

S40 d
SAND

Sand 53 d. Laurell 1949
So. S2PP
10 gm. of sand Inoo. 2cc, broth cult., Bryan 1934

66 d.
" :� �I "ono.. 2cc, nutricnt sussj i

66 d.
Oshtei-io scind Inoc. 4.6 logi/10e gRm., Mallmann 1951

5 wk.-0. 9 " of I
Dried Oshtemo sand, . moce. 5.0 logs/100 gm., N ,

treatment of sewage & Recov. 1.3 logs/leo gm.
8_t___hosa 33 d.

GENERAL
S. faecalis

Soil Found Winter 1946
S. pyogenes

Soil, R. T. 53 d. Lourell 1949
5. SaOp.

Soil fertilized with aeoo. io-2, Recov. 10- Ostrolenk 1947
chicken manure, 72C dil/g., 21 d.

Soil fertilized with Inoc. i0'), Reoov. 1LO' 2  N "
chicken manure, R.T. dil/g., 160 d.

rI



TABLE (CONT'D) THE SURVIVAL OF STREPTOCOCCUB SPECIES IN SOIL

Factor(s) Survival Reference

GENERAL (cont'd)
S. Spp.
10 gin. soil Inoc. 2cc. broth cult., Bryan 1934

12 d.
10 gin, soil Inoc. 2cc. nutrient free "

susp~n, 10 d.
Unster. soil, R.T. Inoc. 10-1, Recov. 1 gin, Ostrolenk 1947

109 d . 1-2
Unator. ice box InOc. 10, Recov, 10

123 d.4
Soil with pecans artif. Inoc. 10-4 Recov. I0-,1

infect. 160 d.



TABLE 5' THE SURVIVAL OF VIRUSES IN SOIL

SFactor'(s) Surviva1 Reference

SAND
Foot & mouth virus

San• • 2 __-___ d4 __.__..... Burbury 1928
GENERAL

Newcastle virus
Soil., 370, pH 5.2 Inoc. 1 ml., 25 d. Olesuik 1951

"20,-3OC, pH 4.9 71 d.
" 1.36C, pH 4.9 J.72 d.
" 3 6C, pH 4.9 " " 235 d. ,
" -26CV " " I t H 538 d. I I

Soil in chi.ken pens 1 mo. Levine 1950
Ba c t er, .o pha g e,
S, typhose phage in soil Present Pasricha 1941

3 ft. deep
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TABLE TTE SURVIVAL OF BACILLUS SPECIES ON SURFACES

Factor(s) Survival Reference

DUST
re reg, sther.!um

Eviderce of trrn'sport of . . Soule 1934
saores during. 4ust' torm

B. nnthr'ncis
Silk threads, spores > O hrs.

" non-spores. DesA in few hrs. Picker 1898
Dry sterile canvas, room 4

temp., diffuse sunlight, >10-22 1/2 yrs., Graham 1941'
dry atm. ,spotes'i

Dry steri1l cnvas in Much yr34 s. " "
envelopesspores.

Wool, 80 Ce., mst'l sh-ken 30 minutes Mackie 1934
with sev. vol. st. salt*
Sol,.

Diseased cow blood dried 40 years McCulloch 1945
on gauze, diffuse sun-
light, spores.

B. spp.(aerobic)
Burla"p strips, 200-280 F. Yielded growth Jungherr 1950
q-9 min.. spores.

GLASS
B. anthracis

Glass rod, 37 C.,Flamed- Mayser 1925
with 95 al&., i0 sec.,
3 day ol(I a•nr ni1ture; Viable 2 days
6 day old bowl, cult., 33 days
Porcelain dish, 12 cm.
diA.,37 C., burned w.,ith

*alcohol 1 min, 3 dAY None recovered
Sagar cultu're.
Porcelpin saucer, 37 C., None recovered

burned witb n1c., 6 tiny
*. c hl•,pe.euinmug. Two yetrs Vincent 1922
Glass slides, blood, slow Survived 60-90 das. Minett 1950
ly dried in moist air ,t
ROT., Stored in dry air
at R.To.

Glass Slide, dried, 56 C. Few days Thurn 1914
100 O.C. nd 90 C..PAPER

B. anthracis
Paper-slips, spores, sun- 8 hrs. Weinzirl 1914
light.

B. subtilus

Paper-slips,sterile in 8 hro.
petri plates, sunlight,

' sn2ore a,
GENERAL

B. anthracis
Match bed, 37 C.,, Spores Viable 2 das. Mayser 1925

95% aleo3 da. cult.



TABLS,4 (C0V TO D) TTH SURVIVAL OF BACILLUS SPECIES ON SURFACES
r

P.ctor (o) curviv Reference

GENERAL (CONTI D)
"' Spores, R.T., dry-diffuse 50,qerrminted in a few Smith 1930

daylight, mos.; ln-ge no. of re-
maining 509 caprble of
germinrtion for 10 years;
All dead in '3 Irs.

Shaving brushes, 80 C.. 30 minutes Mackie 1934
Brass wire, 5 cm., hented Viable 9 days. Mayser 1925

37 C., flamed 95% asc.9
3 day old agar culture.

Shaving brushes 7.3% bontained virulent Symmers 1921
anthrex bacilli

B. subtilux
- ztgut sutures, alcohol, >17 days Hite 1938
tolual.

Metal, bullet lodged in >2 mos. Pulvertaft 1929
flesh of soldier

Few viable one present on surf~ces after cleaning Peabody 1951
.,,and use of high pressure steam.
mnd telelphones, 93.79% organisms Smsall 1937

Tel phones w.?ith separate 92.59% " "
receive~r and transmitter

C



TA BLE,_, X TIME SURVIVAL OF BRUCELLA SPECIES ON SURFACES

pactor( ) Survival Reference

DUST
B. melitensis

Dry dust of Malta 20-:? days Horrocks 1906
Dry sterile dust 2?0 d-ys " "
Dust days Kennedy l905
Favorable conditions 1 weeks Bang 1897

FABRICS
B, abortus

Burlap bag, dried in 5 days Cameron 1932
Burlap sacking, eiried in,
unheated cellnr 30 days "

B. melitensis
Cloth, drieTd on 17 days Kennedy 1905

. suis
- Sacking 4 %reeks Anon. 1933

wB f. 
. .•

--O•washed with water Cherkasskii 1938
ov e r 5 5 C . i ' *d r i e d a t 7 5 - - - - - - - - - - -

'A 0 Cýq - ated 30 min,
i 10 I , C.. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _GTLEASSR

B. abortus
Glass,7ried on Survival several days Csmeron 1932



TABLE, TTU1ý SURVIVAL OF CLOSTRIDIUM SPECIES ON SURFACES

Factor(s) Survival Reference

FABRIC
C~l., tetani.Bandages, 200 C., heated Recovered 0, 1 hr.'* Murray 1949

", ot sir nven
Silk stripF. spores dried Still viable, 3 1/2 mos. Tizzoni 1891

on, light, room temp.
Cl. ,.eelchii

Cotton-wool suwebs, 16-
2" C., plain dry 5-20 col. at 24 hrs. Rubbo 1951

plain moist 5-20 col. at 8 hrs.
serum dry ?0-50 col. at ?4 hrs.
serum moist 20-1,o col. at 2.4 hrs,

GENERAL

Cl. totani
Stored in rubber-capped 18 years Semple 1911
test tube in cupboards,
rusty metal,room termp.,

Tetanus spores Remain vi&"h1 at the
site of inoculation for

inas long as 6 months
Tplcum pouwder, ?0 lbso in Survived Sevitt 1949

Bautoclave
C. s�porogenes

Cstgut sutures, exposure >17 -ays Hite 1938
to both alcohol and
toluol

S.. . .i • '.•' . '" ,•. "• ¢ • . •,:," • •2',• . .. .... . - . ' .. •.; •.• .• • . ., •.... k •. .. . !,, . " • ,. '.,• .' -, " :- . • . . . ... ..



TTHE SURVIVAL OF COLIFORM SPECIES ON SURFACES

Survivpl Reference

FABRICS
Eacherichin coli

plain, dry No growth P hrs. Rubbo 1951
plain, moist r0-2300 col. nt 24 hrs. "
serum, dry 20-50,col. at 4V hrs. S
serum, moist q0-200 col. vt 4V hrs. "

E. tol~l(,.,ith Fem. strep.
sarc. flava, rnd S. aureus)

-- anke t a )7 ) s kedT -om, 14,400-7,344,000 per Rountree 1946
on E°NoT. ,.rd, cu. ft. nir.

Klebsiella pneeuorifne
" C~ot roolsw•b,9R6-P C.,
Dlnin, dry No gr'owth P hrs. Tihbo 1951
plain, noist 'ý0-?00 col. at '4 hres.
serun, dry n0-50 col st V hrs. "
serum, moist 50-200 col. at 4P hr's. "r

GLASS
E. coli

GIss cover' slips, sir-• Recovered 0 in 4 days Shattock 1912
dried, dark, vacuum,
drIAd ot -195 Cm.

Ozone to sterilize the Pi No killing or inhibi- Galli 1914
in small room temp.l- tion of the bacteria
16, humidity 60,cuIltures ,vas obtained
exposeA and airted on
pieces of glass for 9 hrs

Ground glass Killed in 10 min. Rebell 1950
Glass, sunlight 2 minutes Weinzirl 1907
Glass, 37 C., Inoc. at 30 Recovered 0 at 15 min. Bryan 1933
sec. 107,000

E. coli communis
Dessicator, 161F C., 60 r1ays Buckley 1906
Room Tempersture 3if.5 days If

Moist chamber 1_98 days
PAPER

E. coli
Filter paper, dipped in Recov. 0,1,10 and 25 Walliczek 1894
culture., dried over sul- col. in 17 hrs.
furic acid; O.
dried in vacuum; Recov. PA, 45, 78, and

1,000 col. in 45 min.
dried in air. 0 recovered in 18 hrs.

Filter paper, dried from
peptone snlt. ?4 hr. rlll /;8 hrs. Chick 1900

Filter pAper. stool dried 45 'eys Dold & 1944
on, dark Ketterer

Filter paper, ,.qtery stoo: 143 days
Paper, 28 C., dried 77 days Kusema 1925
Paper, sunlight Longer if in clumps Weinirl 1907

?..10 minutes



TABLE4L (CONT'D) TIH SURVIVAL OF COLIFORM SPECIES ON SURFACES

* Fnctor(s) Survival' ReIrefnce

PAPER(CONT'D)
E. Co-

Filter paper. moist, asoe. 149,000 in 15 minutes BPyan. 1933
ý1`56T0o at 30 sec.

E. coli communis
Paper, dessicetor,16-18 C. 21 days Buckley 1906
Paper:, room temperature 7.5 days
ILoist chembers, psper 47.5 days

Aon- aeroeles Dr
Filter-pepe~r 21-hr. agar 31 days Hastings 1923
cult.- dry incubator at
37 C.. ft

Paper Infected ,.lth milk 96 days
cultures

General
Coliform group destroyed n dryin• process of Applins 1945

•aper production __ _____

PLASTER
SE.coll conmunis

Dessiicstoi I•--IP C.. P4.5 days Buckley 1906

Room temperature 84 days
Moist chamber .. 6 r.ays

UTENSILSColon-gerovenes Ar.

Kilchen utensils,;L-l00 C; Effective in destroying Sellers 19)
colon-serogenes group 4

Kitchen utensils,4l- 6 0 C. 41 colonies
colony count at 48 hrs.

Kitchen utensilAq 61-80 C 19 colonies
colony-count at ý hrs._

WOOD

Stumps, feces on, bliz- 0 recovered in 18 days Tonney 1931
zsard, inoc.532,000/ogm.;
Spring, Inoc.11,800/gm.; 0 recovered, 153 days
Warm seeson, 172 days
Winter, pure cult., inoc,
3y.O.3,000/ gm. 0 recovered, P2 dayc "
3o7ý.000/ gm 0 recovered, 9 days
Spring, pure culture 228 days "
coli communis

Dessicator, 16-18 C.
Cotton .rood 49 days Buckley 1906
Lime wood 86 days
Pine wood 22 days

Room, temperature . .
"Cotton wood 64 days
Lime wood P0 days
Pine wood 14 days

Moist chamber
Cotton wood 63 deas"
Lime wood 168 ?ays
Pine .wood 78 days



TABLE 4 C COTT' D) TH11 SURVIVAL OF COLIFORM SPECIES ON SURFACES

Factor(s) Survival Reference

WOOD( CONTD)
Aerobacter aerogenes

Stumps, pure culture on,
Winter, inoc. 708ý000/gm0 0 r"vered, 22 days Tonney 1931 I

4)6,000/gm. 0 recovered, 9 days
Spring_ pure culture , P8 dcays _

GENERAL
i.coli
Ultra-violet, lo,, humidit Bactericidal action is Elford 19)42

greatest.
Ultra-violet,45% Ii-.J. Almost 10 times Ps

lethol as at 90% R.H.
Doorknob, brass Recov. positive, 12 hrs Frank 1943Reenov. 0, -4 hrs.
Doorknob, v,,hite bronze Pbeov.e positive, 48 hrs,
Stuffing boxes, of pumps, Abiindrnco of gro',th Frsntesv 1935
lub. grease

Water filter, Ffter ,.,r..tr o4-36 hrs. Gage 1903
3• stopped

Continous filtVr 4- 6 dpys
Acti•,r of metail jIts, Tanaka 1931

t. gold colloiis, forric
chloride, silver nltrnte,
zinc chlori-le ard others
at varying dilutions



TABLE L•" THE SURVIVAL OF CORYNEBACTERIUM SPECIES ON SURFACES

Factor(s) Survival Reference

DUST
_4 it~theriae

Brick dust, 37 C., bacilli Kept full virulence duro Germano 1897
'ulture9  ing drying up period un-

til death.
air dried, 5184 col., 12 days
dried with sulfuric void 172P ol., 1" days

C. diphtheriao &revi1 y
Present in dust 175 days Laurell 1949
Dust, recov., ,ith unim- 175 days Ouchterlony
psire "fTa ty 1949

Sawdust, mit~s.)gravis, nnl <1 day "
intermedius recov, with

.unimpaired toxicity
Orcurrence in air and dust ----------------- Trevelyan 1898

FABRICS
C. d!.htheriae

Sillk '"41'ed, on, HoT. 3-14 ,,eeks Abel 1893
Silk, dried on, dark. Still alive 189 days
Cloth, old dried out cult. 3-3A.U2 mos. " "
Silk thread 23 1/2 to / Recovered no gro,,,th in Abel 1895

1? 1/2 C., 2-4 deold 68 days
culture. StraIn I1:
Control, RoT,, Stroin I. No growth 74 days "t

Silk thrend. strain II! No gro.th 61. days
control No grow.,th M6 days

Silk thread, strain III; No groth 61 days
control No growoth 86 days t "

Cloth, gravis ntrain, RoT. Recovered mostly with Ouchterlony
dried unimpaired toxicity 1949

> 145 days
Linen- mit�s; notton..- Rcioviere mostly with
gravis' pn-- intor.ý wool-- unimpaired toxicity
grqvis and inter.. -91T days

Dry to,,el1ing Alive at end of 48 hrs. Pease 1930
Cotton-,tool swab, lb-?? C.
gravis, plein dry q--0 col. at 4V hrs. Rubbo 1951

plrin moist 5-10 col. at 8 hrs.
serum dry q0-00 cnl. at V hrs.
serum moist 50-?00 col. at V hrs.

Cotton s'sab, sterile , 37 C.
1 loop 24 hr. cull, ,.,ith
sterile horse serum; Still alive at 24 hrs. Van Relm- 1924
tithouhor-e serwm; Most dead at 1 hr. ,sdfjk

Cotton plugs(40), R.T., in 7 plugs "ere negative
dnrk, plrced on horse 33 plugs positive in Z4
serum agar irs

Linen 15 days Lomry 1929
Cotton 15 days

SWool da5 days
Occurrence on clothes, T----------------------- Trevelyan 1898



TARL•kt_.(CONT'D) TFE SURVIVAL OF CORYNEBACTERIUM SPECIES ON SURFACES

Factor(a) Survival Reference

GLASS
C. diphtheriae

Dessicator 16b18 0.! 68 days Buckley 1906
Room temperature, .4 days
Moist chambers . io5 days

Petri dishes, empty.ster'l&24-48 hrs. Kirstein 1902RoT.

Glass 9 dried, virulent 37 days Ross 1945
strain 1-billion/cc, 37 C.

Glass, intermedius strain Recovered mostly w.,ith Ouchterlony
unimpaired toxicity 1949
"> 98 days

Slides, sterile 9 37 C. 3 days Teague 9
-Glass,, sunlight min, We inz irlaw !

PAPER
C. diphtheriae

DessIcator 1b-16 C., 21 days buckley 1906
room temperature ,, 6 days
moist chambers 15 days

Paper, gravis strain Recovered mostly with Ouchterlony
unimpaired toxicity 159 1949
days

Paper, sunlight Longer if in clumps, Weinzirl 1907
2-10 minutes

PLASTER
C. diphtheriae

Dessicator 16.18 Co 73 days Buckley 1906
Room temperature 37.5 days
Moist chambers 75_dys__UTENSILS

C. diphtheriase
• • (,0•0 F. * 86 days Ecklund 1932

WOOD
C. diphtheriase

Oak 8 days Lomry 1929
Beenh 8 days
Resins 0 days
Dessication, 16.18 C. Buckley 1906
Cotton ,.ood 88.5 days
Lime wood 77 days
Pine %,ood 20 days

Room temperature
Cotton ,,,ood 94 days "
Lime wood 41 days
Pine wood 8.5 days

Moist chamber
Cotton wood 17.5 dlays
Lime wood 75 days
Pine w.?ood 7 days

Hand telephones 14o58 % diphtheroids Smenll 1937
Telephone vtith separate
receiver trensmitter 11.10 % diphtheroids



TABLZA .' THE SURVIVAL OF DIPLOCOCCUS
PNEITMONIAE ON SURFACES

Faotor(s) Survival Reference

DUST
Dried cultures mixed with Germano 1897

sterile dust4 2 days
at 0 C 8 days

FABRICS
Type I(smooth

Dried rabbit blood on Stillman 1940
gauze, dark 2 mos.
4n F., toe box, dark 9 mos.

Typ I(rough
Gauze , 80 F.,dayliht Viable 10 mos.
Gauze, 80 F.t dark Viabea 15 mos.
Gruze, 40 F., dark 9 mos.

Type II(smooth
Gpuze) rabbit blood dried,
P0 '.P daylight and dark 2 mos.
40 F., in icebox, dark 12 mos.

Type II(rough
Gauze, H0 F, daylight 9 mos.

dark 13 mos.
Gauze, icebox, 40 F, dark 8 mon.
Dry towelling, including Alive at end of 24 hrs. Pease 1930
turkish towel

Type III(smooth
Gauze, daylight, 80-F. 5 mos. Stillman 1940
Gauze, dark, 80 F. 11 mos.
Gnuze, 40 F. icebox, dark 12 mos.

Type III(rough
Gnuze, 80 P., daylight 7 mos.
Gauze, P0 F., dark 9 mos.
Gauze, icebox, tý0 F, dPrk 9 mos.

l~ypeii

Cotton wool aweb, plain
dry 1-.'0 col. at • hr.. Rubbo. 1951
plain, moist 5-?0 col. at 8 hrs.
serum, dry 5-2O col. at 48 hrs.
serumo mloist 20•50 col. at 24 hrs.

Pneumococcl life slightly longer on cloth than on Wood 1905
non-absorbing surfaces

GLASS
-Type I(smooth

Glass, dried rabbit blood
80 F,daylight 1 mo. Stillman 1940
40 F, icebox, dark 1? mos.

T•-- Tfrouh
Glass, 80 Y.,riaylight Viable 10 mos.

dark , l I1 moi.
Glass, 40 F, dark 15 mos.

Type II(smooth
"Glass, dried rabbit blood,

80 F., daylight and dark 2 mos.
11O F,, dark 12 mos.



TABLE . (CONT ID) THE SURVIVAL OF DIPLOCOCCUS
PNEUMONIAE ON. SURFACES

Factor(s) Survival Reference

GLASS
Type II(rough

Glass, 80 F.9 daylight 3 mos. Stillman 1940
(ark 9 mos.
40 F., Mark 9 mos.

Type III(smooth
Glass, dried rabbit blood,

80 F.n daylight 5 mos. Stillmen 1940
80 Fo. dark 7 mOos.
40 F. dark 13 mos.

Type IIItrough
80 F., daylight 0 mos.
80 F.Y datrk 1 no.
40 F., dark 7 mos.

Miplococcus.at this age no Foe 1888
known difference between
meningococcl and pneumo-
cocci. Dried rabbit blood
-on watch glass >45 days

* j.

S. . .. . .:, .: . . ..: :• ,..• ,.: .. ., . , ,.-. .4 . , A; ' . • L • •: . •-.4. : : .Z •. ...



TABLEA .4  THE SURVIVAL OF MICROCOCCUS
SPECIES ON SURFACES

Factor(s) Survival Reference

FABRI.CS
M. Dyogenes

Burlap strips 14 days--test negative Jungherr 1950
Garments, dried on, liquid Several mos., no change Paul 1907
air in resistance

_M. ploenes var. aureus
Cotton-wool sv,,ab, plain
dry; 20-50 cols. at 48 hrs. Rubbo 1951
plain, moist; '0-ý0 cola. rt 14 hrs.
serum, dry; 0..2o0 cola, at 48 hrs.
serum, moist. 50-?00 cols. at 48 hra.

Handkerchief, nnsal secre-
tions., dried >1 Mo. Duguid 1948

Handkerchief, sterile,
dark, RoTo, single nose I Mo.
b I ow

Handkerchiefs, disinfected
with various % of vsrious
disinfectsnt. , inoc.
with org., remained over-
night at 70 F., cultured 3.0% to 39 % survivors Dumbell 1949

Cotton squares, treated as
above, widAr rtinge of
conc. of disinfectants .2% to 100% survivors

Blenkets(4j), ENT '.,prd,
henolytic strep., Sarc.
flava, E.coli, stj Fuar. 14,400-7,344,000/cu.ft. Rountree 1946

of air.
M. pY'osenes var. albus

-Wooien serge aqueous susp 54% killed Elford 1942
0.44 nrm0 zone, Roll. 70%,
20 C , exposed 90 min.

Woolen sergo'; serum bhroth, Nil
0O5pprm° zone, R.H. 70%,
21 Co., exposed 30 rn in

GLASS
M. pyogenes varo pureus

Glass, dessieator16--l8 C. 90 days Buckley 1906
Glass, room air 53 days
Glass, moist chamber 74 days
Petri dishes, emptysteril B-10 days Kirstein 1902

R.T.o

Glass cover slips, dried 4-15 weeks Shattock 1912
at -'195 C., kept in vacu-
um

Ulnas cover slips, air lb-?4 days, dead on 40 ""
dried

Glass slides, dried Few days thurn 1914
Glass, 37 C., innoc 225, Recovered 97,000, 15 min Bryan 1933

000.



TABLE•dL THE SURVIVAL OF MICROCOCCUS
SPECIES ON SURFACES

Factor(s) Survival Reference

GLASS(CONT'D)
4,. •0•enes vsro Elrell
Sterie dis--h;, put into Ward 1937

machine with soiled disha
0.3% calgonite
% sterile after wash 10 %
% sterile after lst rinse 15 %

%terile after "nd rinse 32 %
Average no. of bacteria/
dish remainrng contemi-
nated after wash 14

nftei 1st rinse 4"
after 2nd rinse 6

Mar. no. of bact./dish
remaining contaminated H

,r.A,-, h "14
Ist rinse
2nd rinse

Soiled dishes, % sterile
after wash in machine 10% "
after 1st rinse 16-30 %
after 2nd rinse . 12-28 %

Glass, 20 and 9-12 C., Recovrered almost 100% Lehmann 1931
icon. 3001)000/0.Icc in a in 48 hrs.
24 hr. cult., derk

It. pyo.yenps vrp. albus
Gla-A 14leolis suiins ' > 99% Idlied Elford 1942

0.44 ppr, ozone,.'1.!. 70%,
20 C., exposed 90 min.

Glass, serum bhrr'-I R.H. Nil
70%, 0.5p'r ozone, 21 0.,
exposed 30 rni.
-1 A 88 11 1 " rut. .,a)Sed t0 No killing or inhibl- Gulli- 1914
ozone, 15-16 C, R.H. 60% tion of the bacteria Valerio
Lriel f-r 5,6,9 hrs. 'was obtained

Slides, sterile, 37 C., Recovered 41 col., in Teague 1913
innoc. innumbersble cola 7 days

Glsss, direct sun)ight 60-90-minutes Weinzirl 1907
Glass, direct sunlight 10 min, Weinzirl 1907

_M. Pvogeneh var. aureus
Paper, dessliator, lb-l3C 66 days Buckley 1906
Paper, room air 70 days
Paper, moist chamber 51 days
Filter paper, test org. Survived longer on Hellot 1948

skin than on filter
paper

Paper, surfacem, aga" .
plates, inon. 1800; Recovered 400, 3 min. Norton 1932
inoc. 90Q. Recovered 46 , 3 min.

Filter paper, moi.st,37 C.,
inoo. 173,000 Recovered 170,000 Bryan 1933

15 min.



CO13~' CNT I). i'rT TTRf{I'VAr', OF Ma2'"IMOCCCUS

Tl.SCR (I IýIFC'

P.APER(CONTID)
~~ pivognes vajr. albuwi

Fj; ,ter papea r qw-"i
,r 4uspln. 0.44. ppm ozorit)

R.H. 70%, 20 0.. exr)osrd dklldEfr193
90 min. 8%kle l d14

Filter poper, .501Mm hrotlh
0.-) pprn.az onn, 1LIT. 70-o, I,

r21 C., extpoefd 30 min Nil

71~e ,r~ ______~ht Weinziy-l 19C i

inl C.~ 220( day:3 Buckley 190) 6
room 2) 'y
MOI-st c"1hprnber,

Poed- xviflnl'16-ý 807 i,,sh6d off~ 13r~~s~. 93'.
Rubbe I~i ,,)f

.2-568 org. ,expo~ic~ i .i a.--hvo off
ml.niiteq.

Rubber' 3k'eet, u3u.p~n of
3459.2? org. . oxponod 6 9) 93. 6 we;h o fff'
minutes,

liubbor sbeet., susn'n of
3L45 9.,? org.~, tx)o,3ed 92 19 l?.4~ T.rsshe-i off

Cold -~ntc'r -I thout nwrJ34. coloni~e,%--2 hr-. Blumenbevg 29,
2. 90 11 -3 'Cla

'?9,()00 (-Ooorlies'-5' hrg,.
-14th -wrtcn 51'ýi colonies-Il hr.

,3,5)-)0 -iol. -3 hris.

I )25.000 '01~.-J') hirs.

>'I Million cols~ hvs.
c ou 5~~nom~ 1 r1c-A-:ý.-. hrP.

houbou

6 hr's

~ -3 hw,



TABLEP (CONT'D) THE, SURVIVAL OF MICROCOCCUS
SPECIES ON SURFACES

Factor($) Surviv. Reference

UTENSILS(C0NT, D)
M. yogenes v~aar-, jeureus

Glazedahi na, rinsed with 78 cola.-- 1 hr. Blumenberg 1937
warm flowing water,37 C. 820 cola.-- 3 hrs.
with serum 389000 cola.-- 5 hrs.

Glazed china, rinsed in 2 cols.--.. hr.
warm flowing 2% soda 12 nolso---3 hra,
sol t n, without seruuin- 311 colso•.5 hras

with serum 13 colso--i hr.
90 cola°--3 hrs.
1640 eelS.--5 hras

Unglazed china, rinsed in 1

warm flov,,ing 2 % soda 1090 cols.•-I hr. "
sol'ty 37!C, with serum 3200 cols.--3 hrs.

7,300,000 cols.--5 hrs.
without serum 10 cols°.-I hr.

176 cola.-- 3 hrs.
16,600 cola.--5 hrs.

Knife bladeD 60-80 F. 12 k, & 2 daso(86 da) Ecklund 1932
Food utensils, large col12

O1ctior• ,,,eshed _-!___ recovery Hutchinson 19,47

g.- pyogenes vn1-o Pureus
Dessi•ato•trT,6 lb--8ýT
lime wood lakdayl Buckley 1906
pine wood 64 days
cotton wood 130 days

Room air
lime ,ood 126 d ys"
pine wood 39 days
cotton wood 12? days

Moist chamber
lime wood 100 dAyA
pine ,vood 35 days
cotton wood 38 days

GENERAL
Me fl•gv~seyro aureus

Tinfoil, susp'n co-tain-
ing 2568 orgs, exposed
ii min; 973.4 !.rashed off Burtenshaw 1938
Same susp'n at 100 min. 194.7 washed off

Tinfoil, sump'n contain-
ing 34q9•. orgso, ex-
posed 8 min. 1011.2 mo.Off
Snmea susp'n at 96 min. 316 : W

Smooth surfaces , ultra- Effect re'u counts Cathcart 1942
violet, P,000--2,950 A
units

Hand telephone 4,17 % Smeall 1937
Telephone ,vith sodomite

ac'Cvare and transmitter 3,7%



TABLEj CCNYT~ v) TVl SURVIVAL OP MICROCOCCUS
SPE,.CIEiS ON STJRF'ACiS

GENPA Cn~ uIT v i * __

A~t1.vp o11~~~ ~ *~* - - Tenn~rnk 1931

nitrnt coioaeh. vii'rt~ri

diiut;1on'l
M~. M2L922C -ý v I __ ý,L1 ý

II~nd toeIc, )hono 5-4 Srn7L1 all937
Tel ephones ioith Itp Ift

reeie miItrnmner.11.,
Doo-r-knohC) hrwlts fle rov. pumitive ý'4 hrs. Frank 194.3

Door ]irmb ,.v~~ rr lie r,,,o, -po-01ttiye. 7? hra, i

T51i-phonep -1t. h 'pmi 1.A In0



TA•L• .... THE SURVIVAL OF MICROORGANISMS OIN SURFACES

Factor(s) Survival Reference

Proteus morgansi
Dust" 2-12 d. Hoare 1943,

FABRICS
Proteus vulaara.

Co to -wool swab, 16-22G,
plain., dry No growth at 0 hr.. Rubbo 1951

moist 50-200 col. at 24 hr. . I
Cotton-wool swab, 16-22C, 20-50 col. at 48 hr.

serum, dry
moist 50-200 col. at 48 hr.

HemophIlus pertus•s
Cotton-wool swab, 16-22C,, N N

plain, dry No growth at 8 hr.
moist N N N N U

Cotton-wool swab, 16-22C, h.N
serum, dry 80-50 col. at 24 hr.

moist 20-50 N N N N N N
Proteus mo rgnll

SBlanket >81 d. Hoare 1943
Rieket tisa

Coxiel l-a burnetil
Soiled' laundry from Q Infection evident on Oliphant 1949

fever lab. laundry workers hand-
ling prior to launder-
ing

Treponema Dallid m
Cloth, 2,.5-25., diffuse ii hr. Zinseer 1914

light
Vibrio comma

VDried on silk threads in 30 d. Berckholz 1889
air, tamp of desiccator

Thread 7 mo. Ficker 1898
Star, moist linen stripe, Still viable.5 wk. O0maleia 1893

R.T.
Dry linen strips Recov. 0, 17 hr. N

Dried on silk threads in 3-4 d. Kitaeato 1889
desiccator

Cotton-wool swab, 16-22C, 4,
plain, dry rowth at 8 hr. Rubbo 1951

moist N N N 0 a
Cottoh-wool swab, 16-220,

serum,!dry . N N N N
moist 5-20 col.'at-24 hr. 1 N

Clothing especially linen Several daya even weeks T. & WV. 1946'
GLASS

Pseudomonas aeryginosa
Olasp, Z4 hr,. peptone, 7 mo. & 7 d. Shottoch 1912

a" culture, vacu-

•" sunlight 2 min. Weinzirl 1907



TABLE ,JLt (CONTQD) THE SURVIVAL OF MICROORGANISMS ON SURFACES

Factor(s) Survival Reference

GLASS (contod)
Sarcina surantlaca

Glass. (direct and under 25-60 min. Weinzirl 1907
glass) sunlight

Treponema pallidumGlans slides allowed to 4j hr. Zinseer 1914

dry
Vibrio comma

VibriaO dried on cover sli 3 hr. Kitasato 1889
Ster. slides, 37Cr Inxoc. innumerablep Recov.Teague 1913

00 2 min.
Glass slides dried Few daya . Thurn 1914

"56, 100, & 30 min.
80CGlass sunlight 2 min. Wenzirl 1907

PA PER
Bacterigm linens

Ster. filter paper, dried, Inoc. soaked in 48 hr. Albert 1944
R..T.. cult. in peptone,

It still gave active org.
when placed in peptone
90 d.

Proteus morgani
Filter paper 11-20 d. Hoare 1943

Vibrio comma
BNanknotes touched by fin- 4 hr. Jettmar 1927

gers infected with
cholera stool

WOOD
Trichomonas vaginalis

Enamel surfnce of a small < 7 hr. Kessel 1950
wooden block

GENERAL
Alcaligenes faecalis

Hand telephones 4.17. of org. present Smeall 1937
Rickettsia typhi

In a vacuum with CaCl3 for 100 d. still viable Blanc 1940
48 hr.

Paper, R..T. Still viable at 21 d.
Trichomonas vaginalis

Natural conditions Long enoughtto permit Kessel 1950
transfer to another

Vaginal discharge Recov. 2-4%, 6 hr.
Vibrio comma

Inside earthen pot 2 d. Arguelles 1927
Outside " 4-8 d.



TABLE THE SURVIVAL OF MICROORGANISMS ON SURFACES (GENERAL)

F Factor(s) Survival Reference

Air during dust storm High ot. of mold, baste- Proctor 1935
I ria. &-dust particles __

FABRICS
Oiled blankets 90-95% fewer then contrd. Dingle 1946
Egypt cotton parachute Recov. 14,720 Dumbell 1948

material, dry over nite
?OF, dust free room,
shaking for 30 a3o.
Mechanical shaking 30sec. Recov. 60,300 NViolent shaking 0 136, 000"

Turkish towel 24 hr. Pease 1930
10 blankets untreated and Near 8,200,000/gm. of Rountree 1947

in use for 4 mc. blanket
Blankets 6 mo. Shechmeister

1947
Org. were kille more rapidly#.on glass surfaces Elford 1945

than woolen Le. filter taoer. or blood agar
GLASS

Drying in tubes .5,hr. Buckley 1907
"desiccator
"R.T. 1,75-hr. 01

" "Moist chamber , 8 d. "
Cover slips, dried 1 mo. Sternberg 1950
Gla'ds..I2 specimens %l millon MecNabb 1938

METAL
Surfaces of Fe, Zn, Cu, brass, limewash, lead paint Minett 1950

& too were bactericidal
Polio virus-Dartial innctiv tion McKhann 1948

PAPER
Spore bearing bacteria susv ye drying process of Appling 1945

flA n r
Drying in tubes 1.5 hr. Buckley 1907

N " desiccator. 16-18 1,75 hr.

degrees C
Drying in R.T. 5 hr.Moist chamber 5 d._ _ __

WOOD
Drying in tubes:

cotton wood '.25 hr. Buckley 1907
lime wood 1.5 hr. u
pine wood 1.5 hr.

Drying in desiccator:
cotton wood 7.5 hr. ,
lime wood " N U g
pine wood 1.5 hr. w a

Drying R.T.:
cotton wood 9 hr. N U

lime wood 8 hr.
pine wood 7.5 hr. U

Drying moist chamber:
cotton wood 14.5 d. .
lime wood 19 d. N N

pine wood 1 d.



TABLE . (CONT•D)• THE SURVIVAL OF MICROORGANISMS ON SURFACES (GENERAL)

Factor(s) Survival Reference

GENERAL
Bact. found in bricks 1,005 400 yr. old. Lipman 1934
Ster. of plane polished

surfsces
Sterilization of plane Slightly longer time for Breinl 1935

polished surfaces by air sterilization
at 50 miles/fin.
at 300-600 mi./min. Effect pronounced ,

Sterilization of polished 50-60 mrin.
surfaces by still air
at 100-120C, 600 mi./min. 10-15 mmn. for killing

Ozone in excess of lp.p.m., Good sterilization Elford 1942
R.H. 60-80%

Survive well in temp. colde' then CO2 frozen Luret 1938
Survival temp. ranging from that of liquid 02, -1830 " N

to that of liquid helium, -2689C.
Drying on tubes 0.5 hr. Buckley 1907

"in desiccator 3 hr. N "
Drying in moist chamber 7 d. N N

Drinking utensils, 51 specimens examined: 12 greater MacNabb 1938
than 1 millon, 5 greater han 1 thousand to 1
millon, 17 greater then 1 to-1 thousand.

I,



TABLE ),N TIM' SURVIVAL OF M4YCOBACTERIUM
TTUBIERCULOSIS ON SURFACES

Factor(s) Survival Reference

*'DUST
Dust, infected, diffuse 5 days Soparker 1917
daylight

Dtist, infected, di, ct sun.- 2. hrs. to
light

Dust, infected P Okays Kirstein 1905
Street dust, infocted 3-8 days it

Sterile dust, mixed 'vith 5 h rs Sw.eeny 1919 i
T°Bo , direct sunlight

Film of dust, south room 5 drys
Film of dust,, north room 7 days "_ "

FABRICS
Garments worn by tubercular Unable to infect g.p. Jacobs 1944
patients, dust nnd scrap-
Ings

Linen or woolen cloth,, with 24-30 hrs Migneco 1895
sputum, w nlight

Handkerbhief, sputum., ,ried 18 hrs
in sun

Carpet, sputum Infective 39 days Twitchell 1906
HIandkirchief or blanket Lesions resulted after "

70. but not after 110 ds
exposed to diroct sunlight Infective after 1 hr.

but not ofter 7 hrs.
On thrends of dKirstein .195

GLASS
Glrisi sputurm dried in t1.in 4 mos. Sormani 186

sMM a r I
PAPER

Books, handled by tuber- Unable to aemonstrtte Jacobs 1944
u Par patienta viable tubercele bAil~li

Sheets of paper coughed on, >50 % Infective, 2. des.
stored in bell jer, infection for g.p., no

infention 31 days
Paper, sunlifrht, kno,'n type 2-10 mins. ý Weinzirl 1907
Paper, under glAms; Nn.101 I±/• Ut.
tubercle nulture

Paper, anri moistur'e under 1/2 hr.
glass, No. 101 culture

Paper, No. 101 culture 15-20 min.
Paper nnd moistura under 1/2 hr. ' "
glasso No. 110 culture

Paper under gl,.s, fio. 110 <10 min " "

P oAr 1 oTO sture, sounlight, ?5-30 rmin

Paperq sunli Tht, No. 1O0 25 min.
Paper, sunlight, No. 101l
under colorless gl2,ss 5 nmn.
under rta glsss 10-20 min.

- under green glvas 30 min.
under blue glass 5-10 min.

IN



TABL3 2w/d( UU~iT 'J TIIT7 SURfVIVAL OF 14YC0T3ACTT-BI' UM

TUBERCUJLOSIS ON M1YRFACES

I~ct~ir( ~)Sur'vivanl Rterec

PA]?ER( CONT9D)
Paper., lnfer~ted,, Ctri',c P4 >35: cipy- ~onatm

]3ookr~ Tutum. 2.tk to .3 1/? r) s Smith194t

Thin smrears of humn~n,, bovine
and evienn t~ypos, surilight KilloM in 1-4. min. Briscoe 1912

Dom.,ic-ation in a dAYrk, Well- Killed human "ithin 4 if

'trentil,2tedA pl..o-hiiurin pifrt dnys,, killed bovine
bovI ine . within 8 days.

Exposmd to dc I'i'rt. nunrIliht Ali-e.- des. Soparkinr 1917
in India. Dend-~.8 den.

1)es~lcxc~tod In desr'kns,,. Live virulent bacilli
for 309 days.

Decompoming, 8putura. 20,--?6 days
E~xposed to Alectt-ile light;. 74 days alive., dord in

3oiuino t Th fromt': ch6, r' ung..
direct- aunJAght, )1 r~
ditffUSE llpht , 30 dpys

Hypechlor'ite IiIin>i~oo-1un oni qoarternpr:y hmmioriurn K I qri i ui;-
comnpounds~ Ti~d w~~~ktl br :1ýii~ o.r

131,8111n hooh 3 mos Clioh 19 ~



TAB . TIE SURVIVAL OP NEISSERIA SPECIES

SFactor( ) Survival Reference

FABRICS
N~ .£oorrhoeae

Couron plug in'closod tub( 0 recovered, 24 hns, Lorentz 1924
under w t(er

Cotton plug in open tube 0 recovered, 30 min.
Cotton plug in Incubator, 0 recovered, 10 min.
4 0 C.

Cotton plug in sun(suaer 0 recovered. 5 mmn.
Cotton pluggp,To 0 5eeovered • min.
Cotton-,,yool swahs, also

N. menin jtidiP4, 16-6.2C.
plain dry.. No growth at 8 hrs. Rubbo 1951
Plain moist; No growth at 8 hrs.
serum dry, No growth at 8 hrs.
serum soist. No gro,.,th at 8 hrs.

Uotton fabrics 7 days, survival short- Miller 1944
ened Pt 37 C, & prolong.
ed nt 6-10 C.SCottonl•.-,(,,ol swabs, also

gN. rlrhoenw-, 16-'-," C.
plnFnf dry No grcmyth at V hrs. lRubbo 1951
plain, moist No gro,.?th at P hrs.

erums, dr.y No prorth at 8 hrs.
serum, moint No gro',,th ot H hr s.

Cotton fabtics exposed Fo,,r hrs. Miller 1944
to direct sunlight in
dried films

Cotton gauze, exposed to 30 hrs.
diffuse% daylipht, pass-
ing thu ,YIndol., pi-ne, &
pyrex petri dish

Fabric 1 hr'. still alive, Weiss 3.9212 :s da ______"ýs I' de nd
GLASS 

. .. . .

--Glssb bad., dpk., dried, 10 diys, visible light 1Ililler 1944H.. "Y' is germicidel.
Surface glass, direct sun I
light, in IrYsd films Fei., houzr jMil ler 1944

Glass beads, diffusie dny- 30 hrs. I,
light, pp-tirg thri wfn-=
dow pAne & pyrnex petri|
dish

Glass, drying on 72 hirs. Elser 1909
Garnets ,nd glass, dried,

in dark 24 hrs. Flugge 1905
diffuse daylight 10 hrs.

Glsss, dried, R.T. P11 br's. Kutscher 1906
SWatch glsens, dried rhblt .>45 days Foa 1888

blood



T AME JL(ONT i r) THU, SURVIVAL OF NEISfSERI.A SPE~CIES
ON SUTRFACIES

i'O~CV )Survival R.

e GLASS(CONVTD)
N. i~onorh2 6n

Glasee coveroa in mim ? strs~nm stopped ~ro~y Lormntz -
Ing nfte~r 3 hrm.; l-ira.

WOOD

Wood exposemd to diront Few lira. MI 7laP
sunlight In drlti filmn~

Wood,, rooxr tmm_ ___ ___ ___ _

GENERR

meinsids

M~e tal 1 hr At~il. Pli,7e. 2 hrs. W ia-ss

15 strwinz, R.T~., ',5-9 C., c) ~tis urvived 2 'rk~ ElseijL

0 survived for 5 -.ks.
10 diffuse I¾y~4t wk

ice boy, 6-Pf Cor qunO1rý-Iwed n i.yeek
IMening~cooonel rqIg~lt rýflni.)jf alIJV( for yeo~r if dIried E 1r e I
rrpiclly iindocr fngtermpmrrtiarom nnd kept
f ro. en



TABLEV_1 4- THE SURVIVAL OF PASTEURELLA SPECIES
ON SURFACES

p Factor(m) Survival Reference

FABRICS
P. Destis

Silk cloth, protected 0 recovered, 1-21 days Gladin 1898
from light

Handkerchief 0 recovered- 14 days
Coarse linen 0 recovered, 12-76 days "
On silk cloth in sun 0 recovered, 6j hrs.
On linen in sun 0 recovered, 1-j hrs. "

GLASSP. estis

06 glass dried bubon- No growth, 4 days Abel 1897
Ic pus, 26-30C, inoc
Into bouillon

Cover glass, pure cult., No growth, 4j days
dried, 29-31C

Desiccator, dess. temp. No growth, 3 hrs.
Dried in lighted room, No growth, 3 hrs.

16-2oc
Cover glass, pus & cult., Still viable 6-9 days

room temperature
Cover glass, finely divi-

ded, dried in sun, 30C No growth, 1 hr.
Cover glass, dried No growth, 1 hr.
Leaicscator, 16-18C 3.'5 hr. Buckley 1906
Glass, room temperature 2.3 days 190
Glass, moist chamber 13.5 days
Cover glass, 14-240 None recovered, 1-9 d, Gladin 1898

protected from light
Cover glass, dried by sur None recovere. 1¼ hra. "
Test tube, sun, 40- UC Still alive, 54 lr. r
Cover slip, R.T., bubo Kituasto 1894

juice, dried <4 days
oxposed to sun 3- hrs.Slide, dried, Gienina Viable 2 hrs. Tinker 2930
stain, inoe. 1:.-I000

Slide, reagents used for Kill organiari in 45 mill.
hemoglobin determina-
tion

Glass tube, blood allowed 100 days Ostertag 19C0s
to putrify

PAPER .P. T•eptix
Desiccator 16-18C 5 days Buckley 1906
Room temperature 3,6 days
Moist chamber 8.3 days "
Filter paper, dried, 14- None recovered, 1-20 d Gladin !89O

24C, protected from
light

P, tularense
Filter paper, feces on, 20 dtys .nretcis 1922

20C, dried unexposed
to direct light



TABLE~tŽk.CeNT D) TI-E SURVIVAL WF PASTEURELLA SPECIES
ON SURFACES

I Factor'(s) Survi val Reference

GLASTA1

Dessicgtor, 16-1P C. 9.5 days Buckley 1906
Room temperature 5 days
Moist chamber _ days..... .WOOD

P. pestis •
Dessicator, 16b-it C. Buckley 1906
Cotton m.,ood 22 days
Lime wood 6.5 days
Pine ,wood 3.5 days

Room temper•turn
Cotton wood 11 days
Lime wood 2 days
Pine wood i------

Moist chamber
Cotton wood 36.3 days
Lirm wood 2.6 days
Pine wood 1 hour

Gn-NEAL

Frozen dvily, -20 C.. 40 days Gladin 1F98
Dried,, 37 C.o Most ,,ere dead0 3 das.
Proteected from sun• 37 C.o. -3 mos.
Protected from •'uno R.T.. 260 daym



TABLE THE SURVIVAL OF SALHMONLLA SPECIES
O0 SURFACEýS

- . . .. . . . - -..... .... .--~ ..... .. . .. . . . . . . . . .. . . .. .

Fhctor'(,s) Survival 'Re fa r-er ce

S...S. ......~.. - - -...... .- ... -..... . .. ..-. . .. ... . .. .. . .DUST.
S. hos a

Dried soil(dugt)ý, stock Firth ]902
cultures, 4Y.temp. 52 F.,
Max. temp. i7 F.., Min.
tempo 49 P. >22 days

Dried soil, stool cult.,
Avsx. temp.- 51 P., max.

te: .~ F55 i., min. temp). >30 dnys

Dueqtý stool CIlt. a vg . >20 days"
i,t, ltp.ý-173 F.:, na;. 55 F.

min. 4- F..
Street dust. 30 days 0sl8r 1901
SweepIng, bodrooi, sterile

R.T.V drime nfter 16 hrs.
& ,wetted with inoo. of
bcctFiea.al w.ter squpspr,
12 mm. layer. 36 dsys Uffelmann 1894

Street wi8eepingi, sterile 3? rbPys
Sweepings. kitch1en refuse 30 dAys Kister 1928
Ashei contaminitde 130 days

S. typhixnurturu
Dust 3 ,.ee ks Browne 1949
S,.e-epjiTnh k1tchen refiuzs. q0 days K1ste 19283

Ashes,_S.on-i natqenl 130 days• .
FABRICS

S. 2QAhosa
Soiled ,,p].ing, R.T., derk 4 days Dold 1.944
Linefnlf dried on 98 days
WhitA drill cloth) temp.105!)'•.,0XPc'nn.' to 81111

inoe. P40.000 2 hrs. Hewlett
White drill eirhth. 9? F.1,

d Brk 76 d~ys " "
White drlil cloith, sonked

In urken t org.4, In
(lark, to,, -40v1 at .006 19d0

Turklah too s Alive at end o1f 4P hrm<?eO6 1930
CottonNwool syr.b.u 16-.?-'b1
plaing dry No growth at 8 hrs. Iiubbo 1951
plain, moist 5-20 col. at 24 hrs.
serum os dry 0-20 col, at ý4 hrs.
scrum, moist ?0-50 col. at Vo hr1.

DriAd on linen 98 days sDold 1942
Linen .1q0 days Luinlry 19 27_
'Cotton ]•0r .iays •

Woo! 100 days
Linen 60-.70 daya :Osler 1901
Linen, su~pn. Viable 97 days Pf1uhl 1902
Linen, steriln, I1;3 d1i't 90 days IUffelzmsnn 1894
Buckskin, sntcrU.. 100 days

I. i



TA BLIýA /3(CONTYD) THEe SURVIVAL OF SALMONELLA SPECIES
ON SURFACES

F'ae tor( ) Survival Reference

FAB HI CS
S. enteritt~dl

"- Drj- on£ 1nn 39 deya Dold 1944

Dried on-I•len 191 days It
Turkish to,.,els Alive at end of 48 hrs. Pease 1930

s. •par•tp
Dried on linon 191 days Dold 1943
Linen 1,0 days Lomry 1929
Cotton 150 days
Wool 70 days

S,. 2Rllorum
biirlnp tryans sooked in
nult., exposed to U.-Vo, No innotIvation Jungherr 1950
200-:ýl5. for 5 min. Wes not isolated after

I5 min exposure
95-i8o F. for 4 mtn. Readily recovered

0o5_')70 F7. fou r-7 mtno. Not recovered
'aS. an (_0_IT._ .Or ,n1 e nur)

Cotton ,,,lck of ,.,nber de., 1i•a ys Olson 195o
'V.L • _______________________

GLASS
j° t y h o s .4 .5c£
DessIcntor, 16( 18 C., . days Buckley 1906
Room tempernture 1? days
Moist chnmber 38.5 daysPetri dishes, e-nipty, RoTo ?1ý hrs. Kir'stein 19021

sterile
Glass rod, sterile9 37 C.1 Viable 2 days Mayser 1925

flnmed -,ith 95;4 rlc. forl
5 sec., ?4 hr. Agar cult,

Porcelain saucer. 37 C., None recoveredr 3 days
1 eating9 spoon of ale.
I min. ?4 hr. oult.

Glass cover slips, vnccurW None recovered, 11. days JShattock 1912
dried at -195 C; air
dried . dark

Sterile slides, 37 C., None recovered,60 hrs. !Teague 1913
Inoc. innumerable cola.

Dishes washed with 0.3%
Calgonitea % ster-ile,
sterile dishes 70-90% approx.,Ward 1939
soiled dishes 4-10%

Glass, sunlight 5 min. jWeinzirl 1907
Self sterilizing ability )f skin against S. tyohos Dold 1919
similier phenomenon on gLass rods. •

S. ,-,(Type Oranienbure)
Glnsa, fewr drops broth 34 deys 01son 1950
culture.



TA3LE..4dCONT D) THTE' SURVIVAL OF SALMIONMLA SPECIES
ON SURFACES

- 13 days Buckley 1906

Room terpper.turh 5.3 days
Mools chamber 10.5 days
Paper slips, in vapor, of Recovered none, 1 hr. HeNloett 1939

14.,35 gmS o plus/lO00 ftt
Dilter paper, stool dried >55 tays Dold &
on , RT 0  Kettaterr 1)44

Filter paper,, thin 42ptery N137 days
stool

Piilter paper;t dried , 1-2 wks Joe 1950Paper, surface, inOco 56 Recovered none, 3 min. Norton 19.32
Paper, surfacea, inon.l,500 Repovered none, 3 min. 1" if

Paper, sunlight 2-10 min., longer if In Weinzirl 1907
clusters

Dried on filter paper, Pure eult. of org.,>8 mo. Dold & 1944
8 dark, RoTý Ke tterer

Filter pape~r,, dried on 4P1 days Dold , 1947
Filter paper, stool~dried, 1-? wkse Joe 1950
Paper, sunlight 2.-i0 mins., longer if Weinzirl 1907

PL ST Rin clumps .... .
PLASTIER

Dessicator, 16-1p C. 83 days guckley 1906
Room temperature 91 days

'Moit chamber 101 days
WOOD

S ty~hosa
Dessicator, 16-113 C0.

cotton ,,,ood 50 days Buckley 1906
limae wood 89 days
pine wood 3H.5 days

Room temperature
cotton wyood 64 days
lime wood 91 days
pine wood 9 days

i4oist chaniber
cotton ,.,ood 59 days "
lime ,T-ood 119 dys
pine wood 12 days

Wooden bowl., ?Oom diao9 Viable 2 days Mnyser 1925
37 C., 1 eating spoon of
Ale., o min. flaming,
bouillon culture
Onk 80 days Lomry 1929
Beech P0 days
Resins Ho days

" Wood 3?3 deys I)aler 1901
On.bemch Recov. 17.0%, P3 days Stamp 1947



TAB a(CONT' D) THE SURVIVAL OF SALMONELLA SPECIES
ON SURFA CES

aFadtor(s) Survival - Reference

WOOD(CONT'D)S. In~hose
Pine or fir-wood plank, 32 days, decreasing b4.Uffelmann 1891)..
incubator temp., water degrees
sua'p in a thin layer,
1:3 firs to waterS. arsatYhi.

Oak 80 days Lomry 21929
Beech 80 days
Resins 80 days
On bench Recov. 17.0%. 23 daeys Stamp 1947

GEFNERAL
Bread, on surface after 30 hrs, Alves 1935

baking
Rye bread, on crust of, 4 1/2-6 mos.(longer Bachman 1943

in vell-ventilrted room, survival ot lower temp.
at R.To -5 to -P5 C.

We ter filter after water 2-3 hra. Gage 1903
stopped

In enontinuous ,rfiaer filter 2 days i

Iron 20 days Lomry 1929
Copper 20 days
Tin 30 days

S_. Ratyphi
On crust of rye bread, in 4 1/2 - 6 mos., longer Bachman 1943
well-ventilated room at survival at lov'er temp.
R.T., emulsion with 9, -5 to -25 C.
tyvhosa
Iron 30 days Lomry 1929
Copper 20 days
Tin 40 days

S.. enteriditis
Smooth surface, ultra- Effect reduned counts Cathcart 1942
violet rays, 2,000-
2,.950 A• units

Ii



TABLE•3a .. e THE SURVIVAL OF SERRATIA MARCESCENS
ON SURFACES

Faetor(s) Survival Reference

RABRICS
Serge, toolen, a&ueous susp' Elford 1942

21ppm. ozone, R.H. b8%,
temp. 20.5 C.
exposed 30 minutes .
exposed 60 minutes --------------------
exposed 90 minutes -.........--

Serge, ,,,oolen, aqueous susp
.06 ppm. o7one, R.F. 89%,
21 C., exposed 45 min. 95% killed

GLASS-
Glass, aqueous susp'n, R.H.

68%, 20.5 C., 21ppra ozone
exposed 30 min. >99% killed on surface Elford 1942
exposed 60 min. >99% killed on surface
PVyrned 90 min. >99% killed

Glsss,,'queouA usp'n, R.H.
89%, K1C., .06 ppm ozone,
exnosed 45 minutes. killed

SPetri dishes,empty, sterile 24 brs. Kirstein 1902
room tnomp•er turllI

Slides,sterile, 37M., innoo None recovered, 2V hrs. Teague 1913
innumernbie colonies

Glass slides, 37 C., innon.j Recovered 3, 40 rain. Norton 1931
1,900

Glass, sunlight o' minutes Weinzirl 1907
Glass, 37 C., innoc,110,000 Recovemed none, 10 min. Bryan 1933
at 30 sec .. . .___... .___,_.. . ..

PARERqueous $susp'n, ?i ppm. 0z-

one, R11. 58%: 20.5 C.,
exposed 30 min. 98% killed Elford 1942
exposed 60 min. 99% killed
exposed 90 min. '>99% killed

Aqueous susp'n. 0.06 ppm.
ozone, R.H. 89%, 21 C.9 kl
exrosed 45 min. 9P% killed

Filter paper, surface, inoc
150 Rec-overed none, 20 mmn. Norton 1931

Nilter paper, moist, Inoc. Recovered none, 30 mmn.
960

Filter paper, Inocg 4,000 Recovere. 40, 30 min.
Filter paper, surffce of, Recovered 6, 3) mmin.

inoc. 1,000
Filter paper, moist, innoc. Recovered 1,000 at 30

320 minute s
Filter paper, inoo., 3,500 Recovered 310 at 30 min
Paper, surface, moo. 230, Recovered none at 2 min Norton 1932
colonies on agnr plates

Paper, sunlight 2-10 minutes Weinzirl 1907
Filter paper, moist, inoc. Recovered 141,000 at Bryan 1933
500,000, 37C. 15 minutes



TABLE IJ
THE SURVIVAL OF SHIGELLA SPECIES

ON SURFACES

Factor(8) Survival Reference

DUST
Dust !0-days Kiater 1928

FABRICS . . ...

S .dysenterise
Hemp Severni days Lentz (?)
Clothes 24 days
Leinstand 17 days
Clothes, dried on
RT., dark, 150 days Winter 1912
37 C. 11 days
R.T., diffuse daylight 20 days

Sheep's Wool, R.T. 106 days Karlinaki 1907
Cloth, 17-20 C. )I -Q dAys Frost 1905
Cloth, 38 C. Only 1/P- 1/4 survi"e

of those at 17-20 C. 4

(Shigs more frail than
Flexner)

Dried on linen 30 days Dold 1943
Linen, scraps, feces on,
diffuse light, R.T. 79 days Karlinaki -1907
dried in sun 1/2 hr.
on bed straw,15-21 C. 38 days

Cloth, dried None recovered, 22 days Pfuhl 1902-
Soiled washing, R.T., dark 30 days Dold 1944
dried on linen
a. Daradysenterise (Flexner)

Cotton-wool swab, inoc. f.ubbo 1951
7,200 cola.
plain,dry 0 at 8 hrs.
plaii, moist 5-20 cola. at 24 hrs.
serum, dry 5-20 cola, at 24 hrs.
serum, moist 20-50 cola. at 48 hras.

Dried on linen, S. sonnei urvive 2-3 times longer Dold 1943
than Flexner strain

- Ied on linern, Q.T., dark 5-4( aays Roelcke 1938

. Linen, dried ý=, R,T.,derk 5-46 days Vaillard 1903
'< Linen, Plc.;Vether, chloro Few hours

form, 37 C.
Linen, Idesl<eation 20-25 days

Dr-•eon linen, S. sonnet urvives 2-3 times Dold 1943
longer than Flexner strain_ _ __

PAPER_.dysenteriae

Paper, 17-?0 C. 4-9 dAvs Frost 1905
-Paper. 38 Co.,ill live 1/2.1/4 surv. of those at

17-20 C.--Shiga more fral than Flexner.
Filter paper, dried w1th 113 days Dold 1947
Flexner

Filter paper, dried, stool 1-2 wks. Joe 1950

-



TABLE g.Z ONT, D) THE SURVIVAL OF SHIQELLA SPECIES
ON SURFACES

ikFactor(s) Survival Reference

PAPER( C0NT D)
S. paridysenterinae.-Filter paper, dried 270 days Dold 1947

Paeor sunight 5 nin Weinzirl
WOOD

Wood,- .2-O-C 4"9 days Frost 1905

Wood, at 38 C., org. will live only 1/2-1/4 surv.of those nt 17-20 C.oShiga more frail then Flax-
netr

GENERAL
S. dysenteriAe

Bread, su-face of after 30 hrs. Alves 1935
baking

Crust of rye bread in ,' 45 days Bacbmann 1943
well- ventilated room at
R.T., ,'ith strains of,
Flexner and Sonnei

Same as above only At 2 mos.
lover tenpersture -5to
-25 c.

S. paradysentnrisa (i'1exner)
Bread, surface, after 30 hrs. Alves 1935
baking

Crust of rye bread., in 45 days Bachmann 1943
well ventilpted room at
R.T., P.,ith Shiga and
sonnei At low.'er temps.
-5 to - 25 C. 2 mos. Bachmenn 1943

S. sonnel
-Crust of rye breand, in 45 days
well ventilpted room at
room temp., .-Ith Flexne.n,
strpins enri iyenterme II
At lo-er temp -5 to.%?5C. Longer than 2 mos.



TABLE~jL/d
THE suRvIVAL OF STREPTOCOCCUS

SPECIE ON SURPFACES

Fector(s) Survival Reference

DUST

RZEaq DVRfO(grouL.A)
Dry sweeping, 36 samples 73.8% (10,000-i mill.) Hamburger 1944

P.6.ý20%(150-o0000)
Dry p~eeping p1 scarlet 46.3/-0
fever ,,aird, 47 samples 63.9% (1,000-iO,O00)

29.7% (10,000- 1 mill.
2.1%(over 1 million) I

Sweeping of compound, 49 512% (0)
a anpes 4P%(150-10,o00)

61(10,00o- 1 million)
Dust, strain 1, R.T. 44 days Laurell 1949
Floor dust, type 3 Many recovered, 4 days Lemon 1944
Dust, description of tons- 25 days White 1936

illitis in person wbo
si.,ept out cubicle previo-
usly occupied by pueperel
sepsixs case.

Floor dust, 4 strains of 20%-67% recovered Williams 1949
Group A recovered--three
different methods--sweep-
ing, vacuum cleaner and
blo•ing.,

FABRICS
s. pyogees (rou A)

Cotton wool s,'b, strept.
throat, 17-19 C., inoc.
A50 colonies, plain sw.,ab 21 colonies at 4A hrs. Rubbo 1951

Serum s,.,ab 27 colonies at 48 hrs.
Absorbent wool, plain,

"swabs, 17-22 C., inoc.
)200 cols., Plain dry 20-50 cola. mt 4•8hrs.

Plain moist 5-20 cola. tt 8 hrs.
Non-absorbent ,ooT, 17-

09 200nAJ•" cola.
plain dry 50-?00 "ols.48 hrs.
plain moist 20-50 cola. 4P hrs.

Absorbent ,.ool, serum, dry 50-?00 cols. 48 hrs.
Absorb. ,wool, serum, moist 50-200 cola. 48 hra.
Cotton-wool s,,ab., 16-;7?C.
ploin,dry 5-20 cola. rt hr8 hs. "
plain,noist 5-20 cols. A.t brs.
serun, dry 50-200 cola. ot 48 hrs,
serumn, moist 50-200 cola. at 48 hras. "

Bedding, type 3 Many recovered, 4.days Lemon 1944
Blankets Survive > 4 months Robertson 1944, 1947
Blankets, glycol v por 70% reduqtion 194
Blankets, oiled, 2% min- 90% reduction t
eral oil emul~ion

Blanket, oiled, exposed' 170 colonies Andretes 1940
5 min. after & dhring
he ating

S. . • .. .. . . .. . . .. . - .- :• - • • •,. • .• ; • • . 3!•.• ,



TAJRiL6 L_(CONT D) THE SURVIVAL OF STREPTOCOCCUS
SPECIES ON SURFACES

Factor(s) Survival Reference

FABRICS( CONT'D)
S. pyoenes(group A)

Blanket, unoiled 1030 colonies Andrewes 1940
Blankets qiled - 26 out of 307cultures Dingle 1946

tvere positive
Blankets, unoiled,(l4 ) 160 positive, 50% of

these were Group A andAlemainder largely group i
• C&B

Cotton, R.T strains 1, > 53 days Leurell 1949
2,3, dried'

Linen, R.T., strains 1,2, > 53 days
.3,4, dried
Wool9 R.T.o strains 1,3, >53 days

4, dried
Blanket, 70o-85 F., R.H. Only 1 positive, 7 mos. Loosli 1948

25-30%, 10 blmnkets pos.
at beginning.COvercoat, wool blouAes S At least 4 dsyst o we l s , e n v i r , t e m p .o f 4 r- P a e1 3

Wweling, dry Alive at end of 48 Ira. Pease 1930
Menkets, sucked from. 14,40O0.-7,344,000/ctu.ft. Rountree 1946
no. 47., ENT wYrd, along of air.
%,ith M. aureus, E.colt &
o the i s

Oiling of blankets, bed Reduces no. of bacteria Cruickshank 1947 i
linen, & garments in air during bed mak-

ing; 91-98% below those
in control ,ard

Rate lo,,ei in oiled ward 8.6% versus 73.3, 1 .
In air, floor dust, & bed Hamburger 1944
clothings of hosp!tsl

'ard s
0. 1 Cone.-( GrouR B)

Blsnkets, b-e-ten, ast'Ap.
plite counto0-hour 2000/ plate Va n den 1940

?4 hrs. 701/ plpte Ende
10 days .94/plte
"1•- weeks 9 8/nlnte

very slight reduction in virulence in 4 yeaks "
S. nvoCenes( ) '2)

-Blenkets, 2 ft. above 4?6/plate
floor, 10min. after
be3ting

S.. viridans
Cotton-wool swab, 16-
22 C.,plain, dry 5-PO cola. at 48 hrs. Rubbo 1951

plain~moist 20-50 cola. at 24 hres.
O, serum, dry 50-200 cola. at 48 bra.

serum, rmoist 50-200 cola. at 48 hra.

S• .. .. .. .. .. .... ..... .. ¶ ~ ,, . , . , , .. o



TA]MLE%/4(CONTID) TTIE SURVIVAL OF STREPTOCOCCUS

SPECIES ON SURFACES

Fuctor(s) Survival Reference

FABRICS(CONT'D)

Serge, sprayed, medicinl Van den 1941
paraffin, mechanically Ende
beaten, lst 2 min.; Recovered 1300
during 5 min. period, 12 Recovered 900
to 17 min. after beating

Woolen blanket, beaten,
during ist 2 min., Recovered 4000
during 5 rain. period, Recovered ?500
12-17 min. after beating

Wool blanket, dry strep.
during Ist 2 min.; Recovered 490
during 5 min. period, Recovered 11
12-17 min. after benting

Cotton sheet, dry strep.
during Ist ? min.; Recovered 508
during 5 min. period 1?- Recovered 24
17 min. after heatingSCotton, sprayed strept.

durin- 1st 2 min.; Recovered 1320
during 5 min, period 12- Recovered 232
17 min. after beating. ,-

Blankets, clothing "month or more" Pulvertaft 1947
Blankets, applicntion of crude liquid paraffin be- VAn den 1940
fore sw.veeping floors, greatly reduces contamina- Ende
tion at 5 ft. level and 2 ft. level,

GLASS
S. Dyorenesd

Sterile dishes 50-90% Wood 1939
Soiled dishes 6-20%
Petri dishes, org. in. on 20% alive, 14 days Phelps 1939

floor, dark, diffuse <1% alive,<7 days
light

G1 •s.,
Susp'n Cont. 2xp. time 13urtenshaw 1938

in min.

339.2 ', ,,.05 10.2 washed off .
583.2 10 35.? • If

720 5 6. ? ." i

8524 6 ,, it o
1270 5
1542.4 P4 23.3 " ft
1971.2 3 13?-.? " "

2329.6 4 14.6 " "
2880 6 3 •8.6 " "

. viridans
Ground gplss, deposited & Also used to determine Annear 1951

allowed to dry, Oiscrete effect of ptnus. Hum, on
colonims when surfoaes survival of bncteria on
are embedded il a nut. 1,Ass surfaces.
agar medium.



TABLE ,_"(CONT, D) TIUE SURVIVAL OF STREPTOCOCCUS
SPECIES ON SURFACES

Fmctor(s) Survival Reference

GLASS( CONT' D)
S. salivrrius

Glrss, serum broth, H.1. Elford 1942
65%v 0.21ppm. ozone, 20C.
exposed 90 min., 97% killed

Glrss serum broth, I.H. kl
82%, 18C., exposed "1Smin. >99% killed

Glass, merum, 0.12ppr.oz-
one, R.P. 80,, 20 C., ex- \99% killed
posed 60 min..

Glass, serum,8 0.IP ppm. >99% killed " "

ozone, R.H. 80%, 20 C.,
exposed 90 min

PAPER
S. aslivgrius

Paper, serum brnth, R.H.
65%9 20C. O.pprx. ozone,
exposed 90 mnn 48% killed Elford 1942

C Pae.r sertim, R.1. 82%,
19 C 0.21ppm. ozone,
exposed 75 min. 99% killed
Paper, serum, 0.12ppm. o7-,

one, R.H. 84%, 2OC, ex-
posed 60 min. 85% killed
Paper,-seram, 0.18 ppm.

ozone, RI.• 80%.o 20C.,
exposed 90 min. 54% killed

S. yogenes

Paper. R_.Tstrain 1 drv LL days Lauraell 1949
RUBBER

S. 2X2 ..nes(hernol~ticus)
-- Rubber• apron, n Burtenshaw 1938
Susp'n cont. Exp. time No. w.,ashed off

in min.

339.2 105 2.1
5F3.2 9 12.0
720 P5 7.1
85? 6 35.3

1270.4 4 9.6
1542.4 80 .4
1971.2 4 4.8
2329.6 5 6.1 "
2880 5 295.7

SRubber nondom, Exp. time No. wvs hed off " "
tu'sp'n cont. in min.

339.2 3.05 5.3
583.2 10 18.2
720 8F 27 70
852 6 38.2

1270.4 4 65.0

S... . ' .... . . .. " "- • '• -• •" I -J,• .,A! .6 • ' .. i• . ,



TABLE•°" , (CONT I D) TU11 SURVIVAL OF STREPTOCOCCUS
SPECIES ON SURFACES

Factor(s) Survival Reference

RUBBER (cont'd)
S.Pgolenes

Rubber condom,
Suep'n oont. Exp time No. washed off Burtenshaw 1938

in min

1542.4 78 40.2
1971.2 4 93;6 1
2329.6 5 175.7 "
2880 .3601

S, faecalis

Utensils High % Hutchinson 1947
S. viridgns

Utensils Hifl b"

GENERALS. Dyoaenes
Mouthpiece of telephone 4-11 days Coulter 1937

Metal from bullet lodged
in flesh of soldier >2 mos. Pulvertaft 1929C 8 salivariue

Hand telephone 72.92% Smeall 1937
Telephone with separate ll.10i "t

receiver and trans-
mitter

S. mitis
Hand telephone 68'75%
Telephone with separate 3.70%

receiver and trans-
mitter

S, non-hemolzticus
Hand telephone 2.10P% "
Tolephone with separate 3.70%

receiver and trans-
mitter

S, eciuine

Hand telephone 12.50% "
S. ignavue

Hand telephone 8.33%
S, faecalis

Hand telephone 2.10% "

PILL£



TABLE •_& T•H SURVIVAL OF VIRUSES ON SURFACES

Factor(s) Surviyal Reference

DUST
Foot & Mouth diserse
-'•8•be dust, 62 F., 52% 11 days Burbury 1928

Influenzae virus
Dust, drying, inoc. IXI04  RecoverAd none, 3 ,.'ks. Edwards 1941
Dust, soaked virus suap'n Betreea 1%.10% recover- Krueger 1942

.T.,d ri ed in 1 iok.
___________________Pulvertaft 197 'Dust, Long periods ...... _lve ft_ 1947

FABRI CS
Influenzae virus

Sheet, dried c20. > 3 days Edwards 1941f
Sheett drIed, 37C. <24 hrs.
Sheet, dark, driid 1 wk.
Sheet, light, dried <3 days
Sheet, 21 C., inoc. 0.1cc Recovered none, 7 days
Sheet, 37 C., inoc. 0.1cc Recovered none, 24 hrs.
Sheet, treated with in- I month
fected saliva.

Blanket, dried, Inoc. 5% > 5 hrs.

Blanket, sterile, ord. Survives drying Krueger 1942
atmos. conditions

Sheeting, werge, sorked Betw.,een 1%-10% recover-
,rith virus suap'n., drie ed in 1 wI.

rfr T',Survived for many days Robertson 1945
Newcastle virus

Burlap strips, 4, 2.2, & SurviveH for over 50 Jungherr 195o
36 C., treated ,ith org.- days
mnic mercurial cpds.

Cotton cloth, inoo. O.Pml.
of 1;10 dilution,
37 C. 16 days Olesuik 1951
20-30 C. 52 deys
11-36 C. 145 days
3-6 C. 193 days
-26 C. 538 days

Burlap, Inoc. 0.5ml.
37 C 14 days " "

4 20-30 C. 16 days
11-36 C. 108 days

3-6 C. 123 days
-2.6 C, 538 days

Foot & Mouth virus
~ajs~TedonR.T. ,

kept cham, dry P years Burbury 1928
Glass, dried on, 62 F., 10 days

5e2% huinidity
Glass slides, dried on, 1 hr. Topley 1946
exposed to August sun.



TABLE THE SURVIVAL OF VIRUSES ON SURFACES

Factor(s) Stirvival Reference

GLASS (CONT D)
Influenzgm virus

Glass, drTe- on surface, Still positive 40 min. Anon. 1943
R.T. after drying

Glsss, dried lx 10 was reduced to Edvards 1941
(lx10 2 in 6 weeks

Glss, dried, O.lcc inov. Recovered none ,

GIpss, ?2 C. >4 weeks
Glass, 37 C. -I .eek
Glass slides Rpked •vith Between 1% -. 10% recov. Krueger 1942
virus auspAo., dried, in 1 wk.
kept at R.T.

Newcastle disease virus
.Glass, reffiiE temp. Active many months Asplin 1949

Small pox virus
Diluted vesicle fl. driedon gleass slides, dark 84 days Dowhie 1947daylight 35 days
oilterabsl virus d9o7

Film on glass slide Retain virulence 15 mos. Burnet 1906.A PER• '
Foot & Mouth virus

Paper, 6F9 % R.H. 2 days, Burbury 1928
Newcastle disease virus

Filter paper, expos-- to
dry cond., 98 F. Inactive after 12 bra. Asplin 1949

Paper, refrig. temp. Active many months
Filter paper, inoo. 0.2ml
.37 C. 28 days Olesuik 1951
20-30 C. 25-49 lays
11-36 C. 129 days
3-6 C. 157 days
-26 C. 538 days

RUBBER
Influenzae Virus

Rubber, VI7 40 min. after drying Anon. 1943
still, positive

GENERAL
Foot & Mouth virus

-emdp3 &7.C., if 6 mon'th Traum 1934
kept moist

,,oT., dried rapidly in a 105 days
vacuum

On infected premises 345 days "
Tobacco mosa icvirus

Cured tobacco leaves 31 years Valleoy 0927
sm.al Dox virus

uist " many years" Pulvertaft 1947
Swine-faver' virus,

SiIJckT aiutoclavedv, dried 3 days Slavic 1930
. Hay, autoclaved, dried 3 days

Virus destoyed In 15 min byS5% soln. pure phenol Slavin"' 1938
and hypochlorite, 1.66 % available chlorine.



TABLE-...4./~CONr'D). TM~ SURVIVAL OP VIRUSES ON SURFACES

Factor(s) Survival Reference

GENERAL( CONT'1))
Influenza. virus (Melbourne)
Tale, drie¶ %'ith, priginpi Recovered none, P2 days Parkar 19144
titer 10-3

Mucitt in air,' dried Aith,
orgirxaj titer 10-4 Recovery-positive in

45 days



TABIE TIlE STURVIVAL OF YEAST, MOLDS
AND FUNGI ON SURFACES

Frctor(s) Survival Reference

DUST
Molds

Dust in air during dust IDust counts yielded un- Proctor 1935
storm !usually high counts __

FABR ICS
Trichophyton interdigitale

Woolen Jersey 2 months Gould 1931
Triohophyton ymse.um

Cot srin dlinen lversl months, at leest Shaw 1944

Micromporon audouni s
Cotton string lAt li.. 714_•7A 1A.-. I

MNicrosporor; i-ncum -m

Cotton s-ring .At least 102-235 days

t Thniz, spores carried- ------------------ Smith 19q3TIT =- , - I , ý,' -ý ,

Trichophyton gyseum
Filter paper tSaverel months, at least Shaw 1944Lj

S1lO16-346 days
Molds

=edboard strips, spores 14one entirely killed Appling 1941
ultra-violet light

Yeasts 
1949

Whatman # 50 paper, veter ",50 % killed Lion 1949
susp'n. sprayed, 5 msin.
exposure to short ,___ves__

GENERAL
Microsporon audouini

liair planted on Sabouraud 42o days Farle*y 1921

Hand tabL phone 5.'5 % orgtnism Smeell 1937
Molds

Hand, te~ phones 20.P3% organisms Smeall 1937
Telephones ,.with seprarete
receiver and trmnsmitter 11.1o% orgrnisms Smeell 1937

,Yeast ;*
Hand telephones 4792%""
Telephones ,.,ith separate 11.10%
receiver rnd transmitter
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alk. alkaline
avg. average
C. Dogroes centigrade
Col. Colonies
cone, concentration
cont'd, oort. continued

ot. oount
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d., da.o, des* day or days
Dessic. Desiccate
dil. dilution
P. Degrees fahrenheot
fl. fluid
G.P. Guinea pig
gel. Gelatin
h., hrs. hour or' hours
ine. inere a so
Inoe,, Innoc. Inoculate
irrad. irradiated
L9. Large
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met. methyl
min, minute or minutes
moss months
mult. multiplied
o0'g0 oganis am
path. pathoponie
physioi. physiological
ppm. parts pei' million
ppt. pre cipitate
R.. Relative humidity
R.T. Room temperature
Recov. Recovered
rafrig, refrigeration
sece second
sensit, sensitization
soln., solln solution
app. speales
stro strain
suip., susp'n suspension
T.B., tb tuberculosis
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U.V., U.v., UV Ultra violet
wks. weeks
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greater than
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TABLE L.'I THE SURVIVAL OF BACILLUS SPECIES IN WATER

Factor(s) Survival Reference

NATURAL WATERS
Baoillu, anthrac.s

Tap, 20C I6 Bolton 1886
" I 50 55 hr. "

Lake '.2 3rr Anon. 1921
Well 36 hr.. Emorich 1889
Water, laboratory condi.- 18.5 yr. Hastings 1923

tion
Raw 5 moo,, " "
Tap, 11 13C 3d. Hoc.hstotter 1887

" 18.-20C Spores 15)1 d. 11

Water 72 hr. Karlinski 1889
Tap, R,.T.. ir. .lleen ý ,r,,. Konradi 1904

" cu]to ir- .3d. if

" spores On 8>1 .b d. "
silk thread

Tap, body tomrp. , in opiooL * yr. " "
"It� u lt . 24.i d. "

on s8Ik thread
Ster., R.. Tý. i, spleen 3• yr.

"if " " cult. > 2614 a.
"if "f "~ spores on S. 816 d. ,f
silk thread i

Ster.e body tejlp., inl
spleen

Stcre, body temp..,, n .m 264 d. " "
cult o

Ster c r. r r o'; 144 d. -
on silk tir-oad

Well,, tap,. 101C In( 1i050-1180, 3 d. Krauj 1887
Ster. muddy, 3tc.rud in .- 2 yr. Minutt 1950

bottles in pond on
plains

Lake i2 yr. Morrl s 1921
Stag'nant pools Viable Naik 1%3q
River, 30-35, 7...IOC Rocov. 34,800 2 d. Wolfthuiljl 188Q,
Filtered river, 35 ,7 '0C R.cov., irmediately i t

Baci'll',s yellow sr,
Tap 208 r. Hochatutter 1:81

DlSTILLED WATnE
Bcillus anthraci..

Dist., and filterud well, 90 d. Bolton W86
200-~ 350

Ster. dist. 30 Inc. Hnsinjs 19;>
Dis t . '3i or . !. a 154A 6 . 11o ch ste'tte r 18 3]7
Dist.,, R,.T, i,* cult- > 64 do Kunradi 1904

"if if " epl oae: j 3; yro
body ttmy,,., in z ,4

cult.,DiIo t "f "I yr I
',p1 r o'321



TABLE L,-4 THE VJRVIVAL OF BACILLUS SPECIES IN WATER

Factor(s) Survival Referenel

NATURAL WATERS
Bacillus anthracis

Tap, 20C 6 d. Bolton 1886
" 350 55 hr. " 0

Lake 12 yr. Anon. 1921
Well 36 hr. Emierich 1889
Waterp laboratory condi- 18.5 yr. Hastings 1923

tion
Raw 5 mo.
Tap, -13C 3 d. Hochstetter 1887

18-20C spores 1%4 d. "f "

Water 72 hr. Karlinski 1889
Tap,, R . in apleen .3, yr.~ Konradi 1904

culture > 2614 d.
" " N spores on. ->816 d.
silk thread

Tap, body temp,, in splee$ 3 yr. N
a "cult. 264d.

N, " spores 144 d. "

on silk thread

Ster., R. T,, in spleen 3A yr. * N
"N " cult. > 26k d. d .
" " N" spores on .Z 8 1 d. .
silk thread

Ster., body temp, in 1 yr. "
spleen

.Ster., body tempo, in "-;.264 d.
cult.

Ster., " " spores 144 d.
on silk thread

Well, tap9 10jC Inoc. 1050-1180, 3 d. Kraus 1887
Ster. muddy, stored in >2 yr. Minett 1950

bottles in pond on
plains

Lake 12 yr. Morris 1921
Stagnant pools Viable Naik 1938
River, 30-35, 7-10C Recov. 34,800, 2 d. Wolffhugel 1856
Filtered river, 35, 7-10C Recov. ). immediately

Bacillus Yellow sp.
Tap 208 d. Hochatetter 1887

DISTILLED TATk•R
Bacillus anthracis

Dist. and filtered well, 90 d. Bolton 1886
20c- 35C

Ster. dist. 30 mo. Hastings 1923
Dist. Sporos 154 d. Hochstetter 1887
Dist., RD.T., in cult. " 264 d. Konradi 1904

" n "spleen 31 yr. ,
body temp., in 264 d.

W cult.

Dist., " " " 31 yr. " "
spleen



TABLEU/ (CONT'D) THE SURVIVAL OF BACILLUS SPECIES IN WATER

Paotor(s) Survival Reference

DISTILLED WATER
Bacillus anthracis

Dist*, RoT., spores on >816 d. Konradl 1904
silk thread

Dist., body temp., spores -.1144 d. "
on silk thread

Dist., 250, direct sun, Inoc. 8000 coln., 2 hr. Kruse 1897
strong wind

Dist. Up to 80 d. Panisset 1925
"20 mo. Sirena 1894

Staro dist., 15-20C 131 d. Strauss 1889
Dist. 90 d. T. & W. 1946

Bacillus cereus
Dist., pH 6 Inoc. 100%, 2% in 120mi. Winslow 1927

"N i 7  " " 401 " " " " "
"* " 8  23% 11if if 1 1 M if I if WI9 49%
"9' centrifuging, pH 6 12,000,000/cc;

IAecov. 9,000/cc; 60 9'

" " 7 Inoo. 17.000,000/coiRecov. 3,000/co; 60" "
""n 8 Inoc. 242,000,000/cc;

Recov. 12800/cc; 60 "" " 1" 9 Inoc. 271P000,000/cc;
Recov. 10200/cc; 60 " "I

Bacillus megather uinn
Dist., pH s Inoc. I00%; 61% in 90mi " "

"if U7 if "132%" "i WI
9' ~71% " ~f

"" "9 if " 82%" " " f "
Bacillus s

Dist., O-17C 12do Hochatetter 1887
Dist. Relatively short Zobell 1932
Redist., ROT., L-5 wk.

ICE
Bacillus mesentericus
-70.e Present Haines 1937

SALINE 3OLUTIONS
SEA

Bacillus anthracis
Sea, bouillon Inoc. exclusivoly, 5 d. De Giaxa 1889
" a gar very few, 1 d. , if

"20 mo. Sirena 1894
Star. seak bouillon Inoc. 1052, 36 d. Do Giaxa 1889

SEWAGE
Bacillus anthracis

Sewage, R.o Inoc. 10,000/c; 19 d. Gillissen 19S0
Mud of sewage, R.T. " 5 wk. 195

Sedimentation pond " " " > 10 d.
"Sewage 16 mo. Sirena 1894

OTHERS
Bacillus anthracis

Seltzer, 11-130 and 18-200 1 hr. and spores 154 d. Hochatetter 1887



TABLE .IJ2 THE SURVIVAL OF BRUCELLA SPECIES IN WATER

Pactor(s) Survival Referenoe

NATURAL WATERS
Brucella melitensis

Water favorab=r condition 10 wk. Bang 1897
Ster. tap 20 d. Kenndy 1905

Brucella abortus
Pasture water > 8 d. 430 d. Christiansen

Bruoella suls 1950
Ta& 77 d. Bryan 193LL

SALINE SOLUTIONS
PHYSIOLOGICAL

B r u oe l l a a p p so 
bl°

BiSit silo in 0.25% than 0.85% Zobell 1932
Above pH 8 and below
pH 6.6 shorter viabil-
ity

OM



TABLE Lv3 THE SURVIVAL OF BACTERIOPHAGE IN WATER

Factor(s) Survival Reference

NATURAL WATERS
E. eoIl phage

Tapy PH 7.5, 45-75C Death rate of first Chang 1950
order

Waterp pH 5.2, alkaline Present Marginbau 1929
S. typhosa pha e

Water, pH 5.27 alkaline Rot present
Rivers of cities More in summer mo. DeAssumpeao 1943

S.o aratyphi phage
Rivers of cities " i U w i U

She dysenteriae phage
Water, pH 5.•,2 alkaline Not present Marginesu 1929

Micrococcus phage
Water, pH 5°29 alkaline Present

Vibrios phae
Water -Disapnearance of Vibrios D'Herelle 1926

Virus T2 Rhano

Dist., daylight 3% after 72 hr. of ir- LatarJet 1951S~ration

"white hot bulb 0% after 65 hr. "
ration

SEA Stypho sa phage

sea Recov. 10% in 7 d. Guelin 1948
S. paradysentmriAe Dhage

Sea Recovo 9% in 30 d.
E,. cel pha e

General phage
=0ea I onaer than bacteria

SALINE SOLUTIONS
PHYSIOLOGICAL

,tyhosa phae
Saline 4% in 3 d. Guelin 1948

Sh. p aradysenterise phage
Saline 2% in 2 d.E. cell phare"_ Saline 15_In 2 d.

SEWAGEGeneral Phage
Sewage Varies seasonally Beckwith 1930

@



TABLEt "' THE SURVIVAL OF CLOSTRIDIUM SPECIES. IN ATIM

s Factor (s.) Survival Reference
ICE

Olostridium botulinum
e14 mo. Taer

SEWAGE
Clostridium Perfringens and sgorogenes

Activated sludge After being pressed and Greer 1926
heated was present

S

e ~4~~4
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TABLE THE SURVIVAL OF COLIFORM BACTERIA IN WATER

Factor(s) Survival Reference

NATURAL WATERS
Eacherichia coli

Polluted. 200 Recou 827; 72 hr. Albert 1917
"7" a 384;

Well, outside temp. Inoo. 1-301 of infected Bartos 1947
water, 55 d..e " with 6 d. o

S. typhimurium
Well, outside tomp.,, 30 d.
S. typhosa

Well, outside temp., " 30 d. "
Sh. app.

Well, R.T., pH 7.8-8.2 Inoc. 6.3-9.8 million "
55 d.

Water, full radion iron 5-30 min. Bazzoni 1914
ore, under glass cooled

Tap 22C -'200 d. Bigger 1934
River, 35-4C •6 d. and 3 d. resp. Bogolyubov 194a
Water plus sunlight Inoc. 100,000, I hr. Buchner 1892
River coliform in tap > 70 d. Burke 1931
River Not given Butterfield 1928
Water plus ultraviolet Few sea. BuJwid -

rays
Water plus chloramine Am't of chloramine and Butterfield 1946

length of exposure
effect survival

Spring Longer than has been Catalano 1947
reported

Water At constant pH and rise Cohen 1922
*in temp. E. coli dies
faster than S. typhosa

Water, 25 Kg9 press. of > 5 d. Colin 1915
carbon dioxide

Water, R. T., 6-10C Eratic fluctions in ctse Cox 1949
River, weaklight Inoc. 72,000,000; 46 d. Arloing 1931

"daylight 87d."
"natural 87 do
filtered a n a a

a a and heat- " U if
ed to 120C

Iced and not iced water Little importance Ellison 1928
for shippment

River Isolated every test Ford 1912
period

Well Grows in pump grease for Frantsev 1935
contamination

Unster., cold.8C Prolongs, 84 d. Hale 1910
i. hot 37., Curtails, 8-JO d. a

Water Death increases with Hinds 1932
temp.

Surface Rarly occur on long Holwerda 1928
storage



TABLE __V (CONT'D) THE SURVIVAL OF COLIFORM BACTERIA IN WATER

S Factor(s) Survival Reference

NATURAL WATERS (contrd)
Esoher ichia ol±

We13, Ro T., 31 d. Horrooks 1903
River, R.T. 2 moo
Ster. river 2-3 mo.
Riverg winter After 10 hr. 80% Hoskins 1935
"Re summer " " 67.3% "

River, cold Prolongs Houston 1911
" hot Curtails

Tap, 200 Dies rapidly 1912
Ship tanks, 27C, purified Inoo. 100cc, 25 d. Jones 1936

lOx
Tank not cleaned for 7 mo " 4cc, 54 d.

19C
Tank uncleaned for 15 moa 1000cc, 15 d.
Steam ster. lake, R.T., Inoc. 1925, 262 d. Jordan 1895

dark
Water Not given Kister 1930
Tap 61 d. Kusama 1925
Natural plus chlorine Pathogenes found on Levine 1947

occasion
Ster., 10-30 C, diffuse sa 13 do McNaught 1910

"0 12-150, inside >15 d.
Sndow

Ag treated water 9 at 30 min. Mallmann 1937
Water, 12C Recov. 1236, 1 d. Maccolin 1946

"g " 756, 6 d.
"17C 989 14 d.
S ia 124A, 14 d.

Well, R.T.o 0.35-0.65% C1 2-5 mo. Mazzeo 1940
traces of nitrate and
nitrite

Water 2-3 Wko Ministry of Health
1934

Low conc. of Cl stimulat Nordgren 1939
growth

Commercial springp 200 Inoeo 99,750,000; Recov. Obst 1919
,IO; 45 d.

Ster° river, 18Cp dark Inoc. 27ý,000/cc; Recov. Platt 1935
4,900/cc; 7,3 d.

" diffuse Inoo. 27pO00/cc; Recov.
0; 52 d. if

"370, dark Inoo. 27,000/cc; Recov. if

0; 30 d.
" 0-2C Inoo. 27.0000/co; Reeov.

3,900/cc; 73 d.
" dark, 18c, Inoo. 57,000/cc; Recov.

with E. coli and A. aer- 9,700/c0; 73 d.
ogenes

Ster. riverp diffusep 184 Inooo 57,000/cc; Recove.
with E. coli and A. 420O000/e00 73 d.
aerogenes



TA3LE4j•H (CONT'D) THE SURVIVAL OF O& 0RM BACTERIA IN WATE

Factor(s) Survival Reference

NATURAL WATER$ (cont I d)
Esoherichia coli

Ster. river, darks 370, Inoo, 57,000/c0; Recov. Platt 1935
with E. coli and A. 0; 30 d.
aerogenes

Raw river, 0-20 Inoo. normal river flora
Recov. 0;>29 d.

"darki 180 Inoc. normal river flora 4'

Recovo 0; >- <5 d.
"4' 4 adiffuse light, Inoc. normal river flora " e
180 Recov. 0;% 1 <5 d.

Raw river, incubator, 37C Inoa. normal river flora 4

Recov. 0;I'% <5 d.
"' " dark, 180 Inod.ol0,000; Recov. 09 "

>1 <5 d.
" " 0-20 Inoo. 210,000; Recov. 0, "s>5 <9

"diffuse, 18C Inoo. >10,000; Recov, O,>5 <9
. 4' incubator, 37C Inoc. >10,000; Recovo 0, , '> 9

Stored river in open ma.- mo. Raghavachavi
sonry tank durXLng mon- 1939
soon and hot weather

Tap, litmus lactose 84 d. Rector 1917
dextrose liver d. " "

Bottle of water, litmus 25 d. " "
lactose

Bottle of water, dextrose 36 d. 4

liver
River, 260C tank not Recov. present in 1000Oc Royds 1936

cleaned for 7 moo 54 d0
River, 280, tank not Recov. " " 300cc9  " "

cleaned for 15 mo. 14 d.
River, 28C, tank cement Recov. present in 12.5ce "

washed 0 d.
River, p"'" T'nk empied Reeov. present in 100cc, "

without cleaning 7 d.
Streams, cold Prolongs Ruediger 1911

"hot Curtails
Raw, ultraviolet Inoc° 1500, 15 sec. Schwarz 1911
Stagnant Dies rapidly in summer Stundl 1914
Vater, 13-170 Increase Taylor 1947
Water, dark, stored z20 yr. Teissier 1919
Deep well, 220, on agar Inoa. 84/cc, Recov. 3500 Thresh 1910

24 hr.
" OC 0 " Inoo. 84/cc, Recov. 18/c 4

24 hr.
, e 220, on gel, Inoc. 23/cc, Reecov. 1.7m

/ce, 24 hr.
0 0 OO, " Inoc. 127/co, Recov. o "

86/cc, 24 hr.



/

TABLE _/ (CONTtD) THE SURVIVAL OF COLIFORM BACTERIA IN WATER

4 Factor(s) Survival Reference

NATURAL WATERS (contd)
Escherichia coli

Water,- after centerifugin 280 d. Winslow 1927
1 hr. later 131 do

"Waters 37C, Beaov. 1%, 9 hr. 1923
W 82%0 9 hr'.

"6 06%, 9 hr.
"" 5 4 7 9 hr
"i 6 7-5 35%, i " " "

"8 12%, " "
Boiled or steamed hard 2-3A yr. Wood 1943

water, capsulated non-
exoretal

Boiled or steamed hard 5 wk. "
water, noncapaulated
excretal

River 45 do Webster 1934
'I ~~~3.4 d. _ _ _ _ _

DISTILLED WATER
Eseherichia col1

Distilled 311 mo. Ballmntyne 1930
"0-80 16 mo. "

" full radition 30-5 min* Bazzoni 1914
with Hg, under glass
cooled

Distilled water with talc 220 d. Bigger 1941
37C

Distilled water with taleo.335 d.
22C

Distilled water with 72 hr. Burke 1936
K2fOjj and KOK

Doule aist 4  Longer than has been Catalano 1947
reported

Dist. 51 do Cramarossa 1927" , gelose 2 d. Duhot 1933
" bouillon 75 d. ff

"4-7 d., K value 0.175 Holler 194.
33.60% reduct/do

"69 e t Kusama 1925
Died more rapidly with Levine 1921

Increase in temp.
", 370 U to 74 do Panisset 1925

" litmus lactose P d. Rector 1917
"if dextrose liver 7 d. "

-H 2 f0ecov. 1%., 4 hr. Shaug•nessy 1925
6 6 6" 115%, ý hr.

"* "8 120%, " " 6
"* 11 4.% hr. 6

"6 6 6-6.9 Most favorable zone 6 1924
Ster. Dist., 37C, agar 50 d. Slater 1893

3 d.
Dist. Greater than in supaose Tanner 1944

.• .+-, ;• • •'++.,+,.• •+:•••'+-+,+'; , .i:,, .+•., ',+ : . ,+++/-].• +;.• .T+, L •,, ,,-, ,+ .•+" +' :;,, , - ..:.•t ,:,': '' . 0' " -, > .:



TABLE 14/ (CONTID) THE SURVIVAL OF COLIFORM BACTERIA IR WATER

Factor(s) Survival Reference

DISTILLED WATER (cont'd)
Escherichia coll

Diet., 60-142C, Inoo0 16-20 1h. cult, in Tinti 1923
6 cc water, 1 hr.

74 d. Webster 1934
"pH 6 Inoo. 84% at 1 hro Winslow 1923

Reoov. 77 at 24 h.

"ICE 93.7 reeov.o 24 hr. Zobell 1937

Escheriohia coli
Ice, clear and core Fewer alive in clear Christomanos 1898
Ice 3-5 d. Fraenkel -
Ice, - 20C Inoc. 001ce sus n., 163d Haines 1937

"-20 cc 11 dd n 1
-6C 93j99% death Hilliard 19.18

Glucose In tapv -100 50% death, 3 hr. "
Tap, -20C 3 wk. Keith 1913
Water, -200 Many mo., metabilism and '

the protection offered
by the medium effect

Dist, -21 to -78C Inoc. 109O00-100000/ml., Lund
more resistant to
freezing than thawing

Water, -8 to -30C 30 d. Lu-Ti-Huan 19 0
Dist., -10C, pH 6.5 Inoc. 15.20m/oc, 68.5% McFarlane 1941

killed 1 * .
"".20C, pH 6.5 Inoc. 15-20m/co, 34%

killed 1 wk.
" -lOC, pH 5 Inoo. 2,310,000; 99.9%

"killed 32 wk.
"6 -200, " Inoc. 2,310•000; P

killed 32 wk.
"-10c, 3.6 Inoa- I.5-205m/cc; '

killed 1 wk.
"-20C, Inoc. lo.-2.m/iec; "

killed 1 wk.
" -16 -40, and -79C Long time Tanner 1931SALTINESOLUTION

SEA
Escherichia coli

River and sea Bacteriophage effect Arloing 1925
survival

Sea, filtered Inoc. 5009000/oc; >35 do Beard 1935"a unfiltered i",200/cc; >35 d.
" infected by ducks Present Bidwell 1950

"2 d. Gohar 1948
" Seitz filtered d, U

U Up 39 d.
autoolaved

Sea, " , Seitz 10 d.
filtered, pulp di so

Sea, Seitz filty 60C do U
"U U U 100C 27d. if



TABLE • (CONT'D) THE SURVIVAL OF COLIFORM BACTERIA IN WATER

Factor(s) Survival Reference

SALINE SOLUTION
SEA

Escherichia coli
Sea, autoclaved 5 dG Guelin 1948

"not autoolaved 5 d. "
' 200 Dies rapidly Houston 1912

Ster. seap 22C Inoco gelatins lactose, Violle 1942
Recov.<100, 80 d.

Sea Could not be isolated Zobell 1941
Salt lake Sewage bact. Recov. 4.8% " 1937

24hhr.
PHYSIOLOGICAL

Escherichia cell
55$ NaCl9 37C 13• moo Ballantyne 1930R.T. 31t mo. U
Physiological soln., 5 min. Baszoni 1914

full radition, under
glass and cooled

Saline 32 d. Cramarossa 1927
, cultured in 7 d. Duhot 1933

gelose
Saline, bouillon >90 d.

" K value 0.085, 17.7% Heller 1941
reduction 1 d.

NaCl, 124P oln., RH 2 Recov. 2%, 4 hr. Shau§hnessy 1925

.? . - .I 8 ' Oo . hr.
* U if "~11 wtIi

"" 6 * 88%, 4 hr.8 112%, 4 hr.
"0 " 11 " 0%,4hr.

"= O 52 " p " hr%, h.
O WV "6 91%,,
* N8 6-%,'""f U " " I 0%, t hr. N V

SEWAGE 
1

Escherichia ccli
Sewage Cts. higher in summer Allen 1949

than in winter
"plus cloroben 50-90% killed Brown 1947

* in streams Found 12 mi. below out- 1916
let, on sunny days
2.9 ml.

Sewage Milt. on storage at high Butterfield 1933
tempo

", aerated 62 hr. Inoc° 1:300, 6 hr. Carlson 1943
"and irrigation Not given Chapman 1935

water
Sewage Not sufficient to cause Crawford 1940

disease
Sewage ordinary 53-65 d. Firth 1902



TABLE , (CONTID) THE SURVIVAL OF COLIFORM BACTERIA IN WATER

Factor(s) Survival Reference

SEWAGE
Esoheriohia ooli

Crude sewage 12 d. Firth 1902
Sewage with phosphate

buffer >4 d. Heukelekian 1933
River plus 45% sewage After 46 hr. 60% Hosklins 1935
Sewage held in parchment Inrc. 190 T, Raeov. 30/c)

bag in running water 7 d. oers 1918
Ster. water and feces, 20 Inoc° 4,700,000/cc at

31 d., Recovo 38,750/c
278 d.

Feces and natural water 2 d. Savage 1917
Sewage, winter >26 d. Shimomura 1935

0 sugmer >7 d._________
NATURAL WATERS

Escherichia intermedium
River d, d. Webster 1934

34 d. 99

Water, 371C. H 4 Recov. I•%9, 9 hr. Winslow 1923
5 82%0,9hr.

"U U 6 " 106%, 9 hr.
" " U 7 5 "5 U U

7.5 " 35%9 " N .
"U N 8.0 N 2%,8.

Aerobacter aerogenes
Well > 1 yr. Caldwell 1933
River, Ster., ice chest Inoc. 30,000/cc; Recov. Platt 1935

0-20 09 21 d.
River, ster., dark, 180 Inoc. 30,000/cc;

4,900.cc; 73 d.
River, ster.,, diffuse Inoe. 30,000/co; "

light, 18C 420,000/cc; 73 d.
River, sterop Incubatorg Inoo. 30,000/c1;

37C 0, 1 d.
Raw river, ice chest, Inoc. normal river,,

0-20 Recov. 0,>29 d.
Raw river, dark, 180 Inoo. lbrmal river,

Recov. 0, >9 <14 d.
Raw river, diffuse light, Inc.* normal river,

18C Reoov. 0,%i<5 d.
Raw river, incujatorv 370 Inoc. normal river,

Recov. 0,>$ <9 d.
Ster. river, ice cieqtu, Inoo. 57,000/cc, Recov.

0-20, plus E. c1r- ,9o00o/cc, 73 d.
Ster. river, 4.aprt; •, Inoe. 57,000/cc; Recov.
plUs S. co24 9,700/cc; 73 d.

Ster. river, ddffuse lih Inoc. 57,000/cc; Recov, N

18C, plu EA. coli_" 420,000/cc; 73 d.
Star. river, incubatbr, Inoo. 57,000/cc; Recove "

S37C, plus Es coli 09 30 d.
Mater before contaminati Recov. 23-30, 1 d. and Gray 1932

37-220 35-51, 56 d.



TABLE .A/ (CONT D) THE SURVIVAL OF 00LIFORM BACTERIA IN WATER
bI

Factor(s) Survival Reference

NATURAL WATERS (oont'd)
Aerobacter aerogenes

Water 1 10C Prevalent Taylor 1947
Tap, diffuse light Inoco. 46%., Recov. 71%, Winslow 191ts

60 d.
Water plus E. coli 98-99% reduction 10 d. II

A. aerogenes decreased
more rapidly

Tap plus E. coll, diffuse E. eoli died more rapid
light, and dar1, R.T.

Aerobacter cloacae
River Constant Ford 1912Aerobacter sap°
Wa!Vter, 12C Recov. 1804, 1 d. Maccolini 1946

" "7800, 6 d. U
"17C Innumerable

DISTILLED WATER
Escherichia inter.mediumi

Dist. 59 d. Webster 1934"0, 62 d."

Aerobaoter aerogenes 
19Crude sewage and effluent About the same as E. coll Atkinson 1934

Ster. water plus feces, Inoo 4,700,000 at 31 d. Rogers 191M
200 Recov. 3B,750/ce; 278d

vI •p ~~ ~



TABLE' THE SURVIVAL OF LEPTOSPIRA SPECIES IN WATER

Factor(s) Survival Reference

NATURAL WATER
L. icterohaemorrhagiae

Pit water Months Buchannan 192
Water, 5-320 .3-9 d. Chang - 194,
Ster. tap, jH 7.0-7.1, 26 30-12 d.

"0 " 5- 16-18 d.
Tap with bact., neutral 4 wk.

pH
River, pH 7.1-7.0 5-6 d. a
Tap with 1% serum, 25-27C,>3 mo.

pH 7.2-7.3
River 48 hr. Noguchi 1918
Stagnant, 25-32C, pH 7.6 Inoo0 icc. active cult., Sawyer 1928. 55 d o""Ino. lee. active cult., a

" ~55 d."Inoo. Icc.
115 d.

DISTILLED WATER
L. icterohaemorrhagiae

Dist. 7 d. Noiuchi 1918
SALINE SOLUTION

SEA
L. icterohasmorrhagiae

Sea 18-20 hr. Chang 1948
SEWAGE

L. icterohaemorrhagiae
Sewage 7-8 d. Chang 1948
Polluted water More in summer and fall Gardner 1946
Feces and tap, 25-.32C Inoc. 0.5cc. active Sawyer 1928

cult., 55 d.



TABLE THE SURVIVAL OF METAZOA AND PROTOZOA IN WATER

Faotor(s) Survival Reference

SNATURAL WATERS
Endamoeba histolytioa

Water, R.T. for 4 hr. 2 d. Beaver 1949
"14C, for 4 hr. " d 0 0
"R. T. for 1 hr. d.
14C for 12 hr.
"285-340C

Chlorinated water Not all of cysts die Becker 1946
Water, R.T. 10 min. Bolduc 1935

"ultraviolet rays Short time Chamberlain -
"45C Inoc. 1,100; 105 min. Chang 1950
"47C " 32 " "
"49c "08 " IV
"50c 04 2 "
"R.T. 5 wk. Dobell 1919

Drinking water Can be transmitted Regner 193
Water , pH 6.5-6.7, 45- s 2 hr. 1 min. Jones 1946

54-5c
Water, 7cm. deep, sun 360 50% left in 2 hr. Kuenen 1913

oIn.. 50 cysts; Recov. '4
47; 9 d.

Slow running water 15 d. Penfold 1916
Trichomonas vaginalis,

Water 35-45 min. Jerovie 1948
Anoylostoma duodenale

Water, 6OF 18 mo. Nicoll 1917Anoylostoma sp.
water, by lab window 12 mo. Loebker 1906

Neeator anericanus
Waters. 6O? 18 mo. Nicoll 1917

DISTILLED WATER
Endamoeba histolytica

Dist., 12-22C 153 d. Boeck 1921
" tap, R.T. 14 d. Dobell 1926

Endamoeba co.i
Dist.- 12-22C 244 d. Boeck 1921

Giardia intestinalis
Dist. p 12-22C 32-66 d. i

Chilomastix meanili
Dist.,, 12-22C 187 d. _

Endamoeba histolytica
Sludge, 1030 Inoc. 500,000; 48 hr. Cram .1943
Dilute feces >1 mo. Wenyon 1917

Ascaris lumbricoides
Sludge, 1030 Egg lives 3 min. Cram 1943" 151 d. a

"62 d. Wright 1942
Acylostoma sp.
*1dgep 103C 5 d. Cram 1943

Taenia saginata
-'Sludge, dgetion, 75-85F Inoo. 600,000; 6 mo. Newton 1949

Trichuris trichiura
Sludge 22 d. Wright 1942



TABLE j (CONTID) THE SURVIVAL OF MEDAZ0A AND PROTOZOA IN WATER

Factor(s) Survival Reference

NATURAL WATERS ..
Parameo ium

Sewage Die in few days. Purdy 1918
General

sew'age Protozoa and bacteria
rapid increase in
protozoa, decrease in
bacteria

3

1e



TABLE THE SURVIVAL OF MICROCOCCUS WATER

Factor(s) Survival Reference

NATURAL WATERS
Microcoocus aurantiacus

Tap, 10-17C 22 d. Hochatetter 1887
Microcoocus spp.

T-racp, 20C 2-4 d., Bolton 1886

Impure filtered, 20C 4-6 d. "
Tap, 35c 2-14 d. o "
Impure filteredg 35C 2 h d.Unfiltered well, 200 4-6 d." " 35C -6 d.

Tap, R.T., in cult. 508 d. Konradi 1904
in pus 545 d

" body temp., in cult- 438 d.
"pus 5i do

Ster., R.T., in cult, 30 d.
"II "t pus of It i

"body temp., in cul, 30 d. i n
pus

Swimming pool plus C1 30 min. Ritter 1948
Ster, tap without Cl 7 hr.
Ster. soda water, 37 C Inoc: agar cult- 48 hr0  Slater 1893

old 12 d°
Water 10.-20 d. Veissfeiler 1935

DISTILLERD WATE
Micrococcus pyogenes var. aureus (Staph. aureus)

Dis t Cramarossa 1922
Miorococcus pyogenes var0 a bus

Dist, Fd
Micrococcus aDD.o

Distilled tap and well, 20-30 d. Bolton 1886
20C

Distilled " " " 5-10 d. "g
35C

Distilled, 20C 2-11 d. "
"350 2-4 d.

Dist. RoT., in cult. 30 d. Konradi 1904
"apus WI it 0

body temp., in cult. 438 do
"Pus 49 6d.S i WI

Ster. dist-,g 15-20C 21 d. Strauss 1889
Dist, 60-1420 Inoo. 16-20 hr. cult. Tinti 1923

in 6 cc. water; 1 hr.
Micrococcus aurantiacus

Dist.. 10-17C 2P? d. Hochstetter 1887
ICE

Micrococcus pyogenes var. aureus (Staph. aureus)
Water, alternate freezing Ino. 111i,782/cc; 96 hr. Prudden 1887

and thawing
Contaminated, 14.-30F Recov. 49,280/cc; 66 d.

1 Dist., -20 to -78C Inoc. 10,000-100,000/ml. Lund
More reaistant to
freezing



TABLE THE SURVIVAL OF MICROCOCCUS SPECIES IN WATER

Iraotor(s) Survival Reference

SALINE SOLUTIONS18
SEA

Miorocoeous pyogenea var. aureus (Staph. aureus)
.Sea, bouillon ! 7 inAc.3/, 36 d. De Giaxa 1889

e agar almost exclusively W "
9 d.

Ster. sea, bouillon Inoo. rich growth, 36 d, "
PHYSIOLOGICAL

Microoocous pyogenes.var. aureus (Stapho aureus)
Saline 29 d. Cramarossa 1927

Micrococous pyogenes var. albus
Saline 277

Miorococous aurantiacus
Seltzer, 10-17C 16 d. Hochstetter 1887

S

-------------



TABLE THE SURVIVAL OF MIOROORGANISMS IN WATER

Factdr(s) Survival Reference

NATURAL WATERS ..

Alcaligenes faeoalis
River Constant Ford 1912

Corynebacterium diphtherise
Ster. RoT. 3 d. Lomry 1929370 30 hr.

Neisseria Ronorrhoeae
"Ster. tap, 37C 22 min. Bengtson 1925

Bacterium phosphorescens
Fresh 1 ic k. Korinek 1926

DISTILLED WATER
Aloalizenes faecalis
D'st. 18 d. Cramarossa 1927

Neisseria gonor'hea
-tor. dist.a 37C 22 min. Bengtson 1925
Dist., 18-22C Inoo. 24 hr. cult., Re- Pieper 1930

cov.60.4%, 6 hr.
"Inoo. 48 hr. cult.,.

ICE _eov. 70_, 6 hr.S•@ ICE

Lactobacillus casei
Dist., -21 to -7MC 10,000-100,000/ml, more Lund

resistant to freezing
than thawing

Neisseria gonorrhea
lea 9-15 d. Hampil 1932SALINE SOLUT IONS "

PHYSIOLOGICAL
Alcaligenes faecalis

Saline 21 d. Cramarossa 1927
Neisseria gonorrhea

Physiological NaCI, R.T. Inoc. 24 hr. agar cult.
Recov. 79.2%, 6 hr. Pieper 1930

"U f Inoo. 48 hr. agar cult.
Recov. 57.9%.6 hr.6

Bacterium salmonicida
Domestic sewage 15 d. Duff 1940
Sewage after removal of 13-67 d. a

origins lsewage
AT.UHAL W'.ATERS,Eryse;2elothrix app.

-Drinn water 1-5 d. Hettohe 1937
SALINE SOLUTIONS

SEA
Erysigelothrix sp.

Sea ster* wk. Hettohe 1937

@ 'n ' ~ ~ ~ WAEW4t ~ ~ .~~



TABLE -W/d THE SURVIVAL OF MICROORGANISMS IN 'WATER
(Klebsiella, Serratia, Proteus, & Pseudomona)

Factor(s) Survival Referenoe•

NATURAL WATERS
Serratia marcescens

Impure well, 200 310 d. Bolton 1886
Water, spring Present Mazurozak 1945
Tap, 10-17C 109-98 d. Hochutetter 1887
Raw with ultraviolet Inoo. 250,000/cc; 15 seo Schwarz 1911
Water plus potato juice 48 hr. Symon 1947

wit-b peptone, diffuse
light

Proteus sp.
Rivr Found Ford 1912

Pseudomonas pyocysnea
Vater,'Hg and Fe ore 1 min. at 8 cm. Bazzoni 1914

radition, under glass,
cooled

All kinds of water Flourished Frankland 1886
Pseudomonas Spp.

Tap, 12-'17C 14 d. Hochstetter 1887
Aerated, 22C Inoc. 4 d. old gel. cult Slater 1893* _______________ 16 do _______

DISTILLED WATER
Kiebsiella pneumoniae

Distlled 31* noo Ballantyne 1930
0 Up to 76 d. Panisset 1925

Ster. dist., 15-20C 8 d. Strauss 1889
Serratia marcescens

Dist.a, 20C[ 48 d. Bolton 1886
"350 14 d. U
"10-17C 7 d. - 5 d.

"•36 d. Cramarossa 1922
Pseudomonas.pDcyanea

=iat, 37C 30 3/4 mo. Ballantyne 1930
"311 mo. "

"O-8C 25 MOO
" 85 d. Cramarossa 1922

Pseudomonas app.
•isto,12-17C 14 d. Hochstetter 1887

"plus Cu 1/10n 2 hr. T. & W. 1932
ICE

Serratia marcescens
Water, -10 to -IC Continous freezing 51 d. Hilliard 1918
Contaminated, 14-30F Recov. 6,3000/c0, 91 d. Prudden 1887
Water, -10 to -1.lC 51 d. Frankland 1894

Proteus vulgaris
ITo 14-30F 103 d. Hilliard 1918

Contaminated waterp 14- Inoo. 8,320/cc; Reoov. O, rudden 1.887
3tF 51 d.

Water, -10 to -10 51 d. Franklar'd 1894Pseudomonas pyYaynes
* Z ,--.-Y70C 0% aines 1937

taeudomonas fluorg3cens
Contaminated, 14-30F Inoc. innimerable, Recov. Prudderl 1887

859008/cc;>7 d.



TABLE (COVT7D) THE SURVIVAL OF MICROORGANISMW4 IN WATER
(Klebaiella, Serratia, Proteus, &Pseudomona)

I *1
Factor(s) Survival Reference

SAL[NE SOLUTIONS

--5,%NaCl A mo. Ballantyne 1930
--~salin 4~0 d. Cz'azurossa 1927
Pseuomonasgocyanea

6i5X NaCi, 37C 30 3/4 xno. Ballantyne 1930
a R.T. 31 Mo. f

Saline 85 d. Oraimarossa 1927
SEWAGE

Pauopmonassp.
--Aei.swage,) R.~T. rio. Rochaix 1930

OTHES - ________

Serratia marcescens
Seltzer,, 10-1-70 6-10 d. Hochstetter 1887

Pseudoonas sp

.-J zer 1210 1d IfI



TABLE UL/ 1/ THE BURVIVAL OF MYOOBACTERIUM SPECIES IN WATER

Factor(s) Survival Reference

NATURAL WATERS
oycobaoterium tuberculosis
Washinga from childrengs j0 Augustine 1929

hands, RoT.
Water >21 d. Bartel 1908
Running water 4441 d. Brisooe 1912
Water, winter 120 d. Cadeac 188
Tap . >' yr. Caussimcn 1933
Ster. river,, 8-120 15. Chantemesse 1888
Unster. " 15-20C 62 d.
River plus boiled sputum INothi Gaustad 13J7
Well and tap10C lInoo 7,960-56,000; 6 d Kraus
Water IStill virulent 3-31 moo Loesener 1896
Water suspVno,, 370, 1Inoc. 4-6 wk. serum cult Moriya 1909

1 114d.
"ice box Inoo. 4-6 wk. serum

5 2-1142 do
Canal, diffuse light, R.T 6j mo, Musehold 1900

mixed with sputumCanal,, dark
"Wanl diffuse light all 4"

weather
Myo. tuberculosis (avium)

Stream Inoo. 48,000/cc; Recov. Rhines 1935
940/cc; 73 d.

My.. paratuberculosis
Intestional scrapings Recov. 163 d. Lovell 1944

with river, outdoor
temp.

DISTILLED WATER
Myc. tuberculosis

Dist. 16 mo. Ballantyne 1930
"I 331* moo.

"0-8C 21 3/4 mo. a
Water dist. >3B d. Bartel 1908
Dist.p 37C <10 d. Davies 1939

" Inoo, 4-6 wk. serum cult Moriya 1909
2-9 d.

Ice box Inoc. 4-6 wk. serum cultv
7-i52 do

Ster° dist., 15-20C 115 do Strauss 1889
M'o. .aratuberculosis

Dist., pond, tap, and mud Reeev. 9 mo. Lovell l9w,
ICE

Myo tuberculosis
Dist. ice, dark >12 wk. Gloyne 1928
Ice 12 wk. *

SALINE SOLUTIONS
PHYSIOLOGICAL

Myco. tuberculosis
Istoi NaCl, 37C0 13 mo. Ballantyne 1930
Isotonic Na~i 0.9% > 18 d. Bartel 1908



TABLE W11 (CONT'D) THE SURVIVAL OF MYCOBACTERIUM SPECIES IN WATER

ractor(s) Survival Reference

SALIN• SOLUTIONS
PRYSIOLOGICAL

ayc. tuberculosis
0.9% saline 4 d. Davies 1939
Salinep R.T., dark > 3A mo. <5 mo. Dudgeon 1914
0.8% NaCl, ice box Inoc. 4-6 wk. serum cul.

21. d Moriya 1909" " 370 Inoe. 4-6 wk. " "
98 d. "

" ice box inoe. 4-6 wk. "
15•2 d.

SEWAGE
MyO tuberculosis

Sewage Not given Cummins 1929
contaminated riverl a Dudgeon 1914

Waste waterg summerp darki 4 Mo. Honkanen 1947
"a winter, 15 mo.

" light1 4 no. " 0

Waste water from abattoir Present Jepsen 1940
Sewage, environmental N Jessen 1910
Canal liquid manure 6* mo. Musehold 1900

at RTo. diffuse light
Canal liquid manure, all 6 mao.

weather
Canal liquid " R.T.

dark 105 d.
Canal liquid manure and 4 tmo.o

garden soil, exposed
to noon sun

Canal liquid manure and 148 d.
garden soilq all weath-
er

Canal liquid manure, all 60 d. ' i

weather and noon sun
Sewage, 50C Inoc. 8309000/mi, Reoov. Pramer 1950

840,OOO/ml, 1 hr.
"37C Inoc. 27pHecov. 35 coln. "

35 d.
Polluted waterp R.T., 3 mo. Rhinos 1935

dark
Sewage 93 d. Tanner 1944

MYe.• avium

Sewage Inoo, 49,000/cc, Recov. Rhinos 1935
400/co, 73 d.



TABLE _ - FACTORS AFFECTING SURVIVAL OF ORGANISMS IN WATERS

Factors(s) Survival Reference

NATURALWATERS.
Deionized water more frequontly regenerated the jEisman 1949

fever 'organisms I
The action of the ultraviol t rays on bacteria is G0utfeld 1928

affected by the minerals •n water
Drinking fountain drains ha• a count of 42,000/mi !Hitchens 1943

bacteria., in3ets had 65,Oo /ml, outlets 7,000/ml.
Terrestrial and fresh water kacteria tolerate changes Korinek _1926

in salinity anosmotic prissure better than mp"ina
When coliform group is not f und others may be pre" , Levine 1947

sent. Reasons why colifo-m group should not be
used as indicators for saiitation.
(1) Out breaks of er~ric liseases associated with

treated waters thst had been found potable
by coliform index.

(2) Antagonistic effects )f some strains of
Shigella against coil orms.

(3) Greater resistance of some viruses, Salmonella
Shigella, and E~bertiella to chlorination
than are some of col groupse(4) viruses c poliomyelitis and hepatitis in fecesi

transmission of latter by water and typhus
fever by ingestion. i

(5) Role of the non- lacto e fermenting bacteria of!
the genera Salmonella Shigella and possibly
Proteus as inciter ýof j enteric disease.

The presence of coli eeroe aes strain in chlorinated Levine 1939
water in summer due to clumps of bacteria or pro-
tection of the organisms by some constituent of
the water.

Bacteria found in softenersiusually slow down grow- Mallmann -
ing. Coliform found when pity water supply neg.

Spore-bearing bacteria exposed to ultraviolet are Schwarz 1911
killed as roadly as other4.

Colon-typhoid group destroy d in high pH, limiting Scott 1924
value 9.5. |

Bacteria in lake water foun: in greatest numbers Taylor 1949
in autumn and winter. I

Stored bacteria in glass coitainers increase at high "

temp. and repressed at lowI
Bacteria count reduced by mr chanical dishwashers. !Ward 1939
Water 50cm deep in cylindero exposed to sun. T. & W. 1946

Italian sun; i
Surface, Incco 00, Reeov. O, 6 hr.Yiddle, " 59102

Bottom * 6781 8 " "

Darkened cylinderg
Surface, Iroc. J1t900 f 7261,, 6 hr.
Fiddle 451o 9051, " "
Bottom 6781 _ _12591," a

, s,, c ' I seawa erNe s_193
Dist.•-16C 'Shorter than sea waterI Resa 1934



TABL•QAL.• (CONTID) FACTORs AFFECTING SURVIVAL OF ORGANISM IN WATEH;J

Pictor(s) Survival Reference

W 0C ( oontd d)

Dust laden snow ,370,000/g. deposit Locbhbad 193.V.;
all but one spore
f ormer

Clear ice contains fewer microbial forins and less Me Farlane 1940
soluble mineral matter th n ice containing air
bubbles.

Snow and bubbly ice contain a greater number of bact Prudden 1887
eria than transparent ice from some block. Greater
reduction shortly after.

The viability of typhoid is much stronger than V. Tohyams 19.30
oholerae. V. Cholerae dies after lOx repeated
freezing.

Snow: Achromobacter, Flavobacterlum, and.Micrococcus Darling 1941
present, " ___

SALINE SOLUTIONS
In Atlantic during May and une close to Portugal thBertel 1912

number of bacteria increa ed and increased ot night
in surf and decreased in orning.

Sea water at -16C bacteria live longer than in broth Hess 1934
or distilled water.

4 0 0 d sea water Lethal Johnson 1938
15A " " No destruction of bact.
300% - 350% sea water' Sloe destruction of bact.
Bacteria in stored sea ,"atez showed increase vatiaticn Lloyd 1937

followed a population curve. Curve not affected
by surfadh~of water expose d but by volume of stor-
age conta aYer.

Bacteria at surf 25/cc, 25 eoters depth 420/co due tc Schmidt-Nielson
killing action of sunlight. 1901

Bacteria of Salmonella grou; quickly die in sea Stryszak 1949
probably due to protozoa. Bolow 20C pvotozoa have
no effect.

Relatively no bacteria in es a with plankton. Velankar 1950
Fresh sea, 18-20C, Inoc. 2• cc, Recov. 63.4, 56 dj Wakeman 1937
Hfeated sea, 18-20C, " " 215
Artifical salt, ;8-20C, Inol. 2,5cc, Rerov. 205, 56
Berkefield filtered, Tnoc. none, Recov.;l00O, 14 d
Bacteria does not survive 1lng in sea. Zobell 1936
Polluted see found E. coli, Eberthella, (S'. typhosa) " 1942

V. choleogeo, Salmonella ard other enteric bacteria.
Marine bacteria are much moae thermosensitive than

are tbrrestial bacteria.
Bacteria in sea water and 25% killed in 10 min. 1940

mud at 30C
Bacteria in sea " 80% " " "

mud at 400
Sea - gram-rieg. bacteria'pr dominate in microflora. " 193
Terrestrial app. in sea vater at 30C growth reterded " 1949

by 4500 lb. p.s.i. Deep ea more resistant than
surface.Sea water, direct sun, dept Inoc. 163/ce, Recov. 1935of 10 mm. 126/cc, 2 hr.

*f.I* ~ ~ ~ *



TABLE 1 _&.L-10ONT'D) FACTORS AFFECTING SURVIVAL OF ORG(NISMS IN WATEIxS

Factor(s) Survival Reference

SALINE SOLUTINS (cn6rid) -...- .
Sea water imexposed to sun Inoc 235/cc, Rocov. Zobell 1935

18 8 /cc 7 hr
Sea water exposed to stin Inoc. 6246/c, fecov, Zobell 1935

SEWAGE! 19 8 /cc. 7 hr,
Bacteria in seavge high court 2-6 d., msintsinod Purdy 19186-15 wk.
Saprophytes must play a big part in dinppoance1930

of orgrnisms in se,.,age afler testing survival
with sterile sewage,

Putrifaction bacterin nttcý. E. coli. 1931

,---t. 9- . - .. ,,, -



TABLE __LL• THE SURVIVAL OF PASTEURELLA SPECIES IN WATER

Factor(s) Survival Reference

NATURAL WATERS
Pasteurella tularensis

Water contaminated by in- Not given Ayres 1948
fected animals

Streams in Canada Bow 1914
Water 1 yr. Brown 1944
Streams Not given Falk 1947
River, 10-20C Glass 1948
Streams Believed to be trans- Jellison 1942

mitted from mice to
beavers

Water Found over a period of N 1950
4 yr.

Streams 48-72 hr. Karpoff 19 6
"From bodies of infected Lang 1947

animals
"Rats, mice are vectors Maximov 1947

River Contaminated by infected Miller 1939
rabbits and infected

* man by fish fin
Mountain streams Guinea pig infected by Parker -

inoc. from stream.
River Excreta of rats, mice, Schuller 1943

cats in drinking and
washing water

Drinking water Cl in larger doses than Steinhaus 1943
usual effective in
killing tulareaia

Contaminated cold 1 mo. 1945
Artificial contamination 11 wk. "
Streams Contaminated by excreta Zeiss 1943

of mice
DISTILLED WATER

Pasteurella multocida
Disto9 14-1bC ' hr. Hochstetter 1887

Pasteurella hemolytica
Dist. 37C 2j hr. Jacotot 1926

Pasteurella multocida
Dist., 37C Up to 4.5 hr. Panisset 192

OTHMS
Pasteurella multocida

Seltzer, 14-1•7- hr. Hochstetter 1887

9t



TABLE rz THE SURVIVAL OF RICKETTSIA SPECIES IN WATER

Factor(s) Survival Reference

NATURAL WATERS
Rickettsia

Coxiella burneti
Water, R.T° 7 d. Babudieri 1950

Rickettsia prowazekii
Well Present Mazurczak 195

DISTILLED WATER
Rickettsia prowazekii

Dist., 26-20C q2 hr. Anderson 1944
Tap and disto Deleterious effect on Topping 1940

_viability
SALINE SOLUTIONS

PHYSIOLOGICAL
Rickettsia p rowazekii

Physiological saline Deleterious effect on Topping 1940
viability



TABLE A t// THE SURVIVAL OF SALMONELLA SPECIES IN WATER

F ae tot ( s) Survival Reference

NATURAL WATERS
S. tnhosaa
•Tap 7 d. Aitoff 1935

Boiled 30 de
Tap, filtered, incubator 31 d.

temp., pH 5.9-6.2
Tap, boiled, incubator 69 d.

temp., pH 5.9-6.2
Rain, filtered, incubator 93 do

temp-, pH 5.9-6.2
Rain, boiled, incubator 86 d.

tempq pH 5.9-6.2
Well, outside temp., with 40 d° Bartos 1947

E. 0oli
Well, .36cO, RoT., pH 7.6 Inoc. 630 million, 31 d. 0

to 7.8
Well, o26cC, R.T., pH 7.2 " 2.6 10 d.

to 7.4
Well, .43cc, R.T., pH 7.8 1.1 13 d. 0

*• to 6.0Wellp RoT. " 5,2.5 " 61 d. o
Well slime, R. T. U 71d. 7 d
Tap, 20C .7 d. Bolton 1886
Tap, 35C 3d. d 0

Filtered impure well, 20C 23 d. 0 0

Unfiltered impure woll 20-30 d.
Filtered impure well' 35C 5-10 d. o U

Water plus sunlight 1 hr. in thin layer Clark 1902
" " 0 5 hr. in bottles a

Water, pH 3.8-8.7 6 hr,-48 hr. reaptively Cohen 1922
Well with unfiltered Passed through 10 cults. Crone 1951

surracea, 37C
Surface, 37C Subcultured 10 times
Water, -10C to -.i.1C 103 d. Frankland 1894
Unster. riverv 19-6C 34-40 d.

"f " " " Inoc* 74,000/cc (typhoid )
69,000/0c (coli), 75 d

Steam ster° river 76 d.
Water > few days Greer 1928
Unster. cold Proldngs Hale 1910

"heated Curtails a

Tap 4-'5 wk. Heasse 1889
Tap 4 wk. Hewlett 1905
River 2 wk. 0

Water Death increases with Hinds 1932
temp.

Ster. tap 7 d. Hoohatetter 1887
Tap, 12-150 7 do
Aquarium 36 d. Hoffman 1926
Med. at bottom of aquari 2 mo. 0 U

Water 9 wk. Houston -
River, R.T.9 dark 8 wk. 0 1908



TABLE J.//L (CONTID) THE SURVIVAL OF SALMONELLA SPECIES IN WATER

Factor(s) Survival Reference

NATURAL WATERS (cont I d)a.o ty]2hosa :
River 1 wk. gives 99% reduct. Houston 1908

"cold Proldngs 1911
"# heated Curtails N N
" uncultivated 3 wk. " 1912

"Cultivated 5 wk. 0 N

" 0 C Inoo. 103 328, 8 wk. 1913" 50i" 6 wk.
" 100 4 wk. "" i

"18C 3"
" 27C 2" a N

"37C ' " <2wk. " a
Water, 0 C 8 wk. a 1914.

"180 3wk. w a .
"37C 1 wk.

Star. tap, R.T.o dark Inoc. 2-3 needles loops Jordan 1895
>93 d.

fteam ster. lake, dark Inoo. 6435, 93 d. a a9 Water 18 d.
Lake, 9-160 (tap) Inoo. 19000,085/cc, 6 d. 1904
Lake, 1o9C0 2,200,000/cc, 7 d.
Ster. " 1,500,000/cc, a a

>25 and <30 d.
Ster. (porcelain tilt.) Inoo. 500/cc, 5 d.

200
Tap, 9-160 ' 540,000/cc, 6 d.
Raw tap 1-5-2.50 C 3,O00,000/co, 6 d "o
Ster. tap, 9-160 1009O00/cc, >15 4 a a

Chicago tap, 20C Inoo. 500/cc, 2 d.
Filtered tap, 1-8C " 1080/cc, 4. d."
Raw river, 12-14C 2,000,000/co, 3 do " N .
Ster. river, 12-14C 1,500,000/cc, 2 d. " a
Water 6 do Karlinskl 1889
Tap, R.T., in spleen 499 d. Konradi 1904.body, in "42 d.

" R. T., in culture 490 d." body, in a 420 do " a
Stere, R.T., in spleen 499 d. " a

ft in culture 490. "d
"body, in spleen 429 d. " i

"if a a culture 304. d"
Unster. tap and river 4-6 d. Kyriasides 1931
Well 1 13-16 d. a
Ster. tap and river plus 2 do

protozoa
Mineral, pH 6.9 Inoo, 28000/cc0 18000/cc Lieb 1947

after 8 d.
"pH 6.0 Inoo 32000 /cc, 120/cc9 after 8 d.

" a 6.8 Inoo. 29000,000/cc;
Recov. 128,000/cc, ld4



TABLE (.'CONT'D) THE SURVIVAL OF SALMONELLA SPECIES IN WATER

Factor(s) Surv val Reference

NATURAL WATERS (cont'd)S.o typhosaa•imineral, pH 6.8 Inoco 2,0009000/co; Lieb 1947

Recov. 150,000/co; 14d
"pH 7.1 Inoc. 200 000-300,000/00

Recovo 4/cc0 1 M2o,.
"pH 6.8 Inoo. 200,000.300,000/10 " 'I

Reoov= 200,000-
300o,0o/cc; 14 do

Ster., R.T, 8 mo. Lomry 1929
"37C 8d. do

Water or urine, outdoor 20-40 do Lu 1933
temp,

Water or urine, indoors Shorter time
Tap 7 do Mouzet 1936
Boiled 30 do
Commercial spring, 20C Inoo. 1,592,500; Reoov. Odat 1919

340; 7 do
Ster. Wiks. Osler 1901

SCommercial spring,, R.T. I noo. 1,383,000; "
520; 7 do Odst 1919

Water 77 d. Park 1920
Well, 7-10C Inoa, 2 mg. agar cult. 9  Pfuhl 1902

31 d.
Ice or cool water 40%-3 hr.; 98%-2 wk. Prescott 1904
Ster, 2 moo.
Unster. 3 d.oseveral wks. "
Streams, cold Prolongs Rue diger 1911
Streams, heated Curtails
Open river mnoo. 7,200,000; Recov.

232,000; 72 hr.
Lake 10 d. Russell lO6
Water, 24C <6 d. Ruys '2897" 6c 11 d. •

"1-12C, dark Inoo. 26,000, Recov.
1550oo 3 do

" " diffuse Inoc. 26t000; Recov.
19 3 d.

"40k, refrigerator Inoo. 26,000; Recov. " N
3800; 3 d.

Pond, 11-160, light, sur- Inoo. 49000; 4 doi
face of large vessel

Pond, 11-16c, light, bot- Inoeo Recov. 4; "
tom, of large vessel 4 do

River, 6-10C light, sur- Inoo. 3500; Recov. 0, 4d "
face of large vessel

River, 6-10C, light, boto- Inoc°. 800; "
tom, of large vessel 4 d.

Pond, dark, surface of Inoc. 45000; Recov. 0, N

9 small vessel 4 d.
Pond, dark, bottom of Inoo. 45000; Reoovo 160; "

small vessel 4 do



TABLEWL._ (CONTID) THE SURVIVAL OF SALMONELLA SPECIES IN WATER

Factor(s) Survival Reference

NATURAL WATERS (cont'd)

Rivrdarkq, sarfae of Inoo. 35000, Reeovo 18, Ruys 1897
small vessel 4 d.

River, dark, bottom of Inoo0 35000, Reoov. 1650 "amdll vessel 4 do
River, light, 7-12C Inoco. 7000/ml, Reoov. 0, * 1941

5 d.
"dark, Inoc. 7000/ml, x 31 "

Bath water from 12 tons Inoo. 30,000 to 300,000/ Tashiro 1932
of bath water after 500 cc. of water; survival
people bathed not given

Filtered, 20C 14 d. Vacek 1933
Well, urine infected, 20C >14 d.c, when other path " 1933

ogenes are added time
deoreaA-es

Water, summer 12 do Watanabe 1930
" winter 18 do I,9Tap, dark, 50-53F Inoo. 1 drop cult., a d Wheeler 1907

" 98-99F " " " 17 di" Light, 68-72F " " " " 15 d,"
" dark, " " " 43 d,

Stere tap, aerobic 2 mo. Whigple 1906
"anaerobic 4 d.

Tap, 20C Inoc. icc susp'n to 19ac 6

water, Recov $/cc, 47dý
River 99% reduot., 1 ik. " 1922
Water9 32C Inoo. 100,000/mi; Recov. "

3/ml; 5 wk.
"40C Inoc. 1009000/ml; Recov. I3irnl,' 4 wk.-.
"50C Inoc. 100,000/ml; Reoovo

3/ml; 3 wk.
644C Inoo. 100,000/ml; Recovo "

3/mi, 2 wk.
Tap, rain, swimming pool 7-10 d. Wibaut 1927
Ground water, protozoa 4 wk. if

">4 wk. "
River plus tap, 30-35C9 10-32 d. Wolffhugel 1886

12-15C, 10-70
Filtered river, 35C Recov. 2800, 5 d. "
Well, 15-200 Inoo. 5/500, Recov. 80,

1 d.
S. paratyphi A

Tap 2 do Aitoff 1935
Boiled 10 d. "
Tap, filtered, incubator 50 do "

tempo, pH 5.9-6.2
,9 Tap, boiled, incubator " - -i

temp., pH 5°9-6.2
Rain filtered 86 do . u
* boiled 47 d. ' "f



TABLEZ,&kL2 (CONT'D) THE SURVIVAL OF SALMONELLA SPECIES IN -WATER

S Paotor(s) Survival Reference

NATURAL WATERS (cont~d)So Daratyphi A
Tap 2 do Mouzet 1936
Boiled 10 do

Sý Daraty~hi B

Tap 22 d. Aitoff 1935
Boiled 42 plus d.
Tap, filtered, incubator 50 d. U

temp., pH 5.9-6.2
Tap, boiled , incubator 47 d, N U

tempop pH 5.9-6.2
Rain filtered 86 do

" boiled 50 d.
Autoolaved buffered tap, Reoov. 5x inoo. Czne 1951I

20C
Surface, 370 lOx
Well, 370 3x e e
Tap 24 d. Mouzet 1936
Boiled 45 doS~S. garatyuhi Slppo

Mineral Inooo 500 coli/1000co Lieb 1947
'00paratyphoid/1000cc,

400 coionies/1000cc
para sank to 6/1000cc

Water ster., R.T. Up to 8 Mo. Lomry 1929
0 37C Up to 1 wk. I

Unster., with E. coli Several hor.
"with or without Plus after 1 mo.

E., coli in dark
Ster., RoT. >8 mo. I'

" 370 8 d.
So tyhimurium
"ello outs'ide temp. 3urvival not given Bartos 1947

• , with 30 d. . 1
EL coil

Well. RoT., pH 6.-.8-4 Inoo. 1103 million, N

Recov° 2, 12 do
0.26oc well., R.T., pH 7.8 Inoc, 7.3 million, Recov

1, 8-10 d., none after
12 d.

1.0300 well, R.T., pH 7.8 Inoo. 22.5 millioh, I,

Recov. 20, 7 d., none
after 8 d.

Well, 370 Recovo 3z inoc. Crone 1951
Surfaceg 77C lOx a_". ___"

DISTILLED WATER
Dosad 11 d. Aitoff 1935

Tap distilled, incubator 31 d. "
temp,, pH 5r9*6.2

Distilled, 37C 3 wk. Ballantyne 1930
"14 mo. ,t



TABLE J.d(CONTD) THE SURVIVAL OF SALMONELLA SPECIES IN WATER

Factor(s) Survival Reference

DISTILLED WATER (cont'd)
S0-c8 221 mo. Ballantyne 1930

" R.T. 32 mo.
"200 14 d. Bolton 1886
"35C 3 d.

"35d. Cramarossa 1927
Ster. distilled d. Hochstetter 1887
Distilledq 12-15C hr. it

"R.T.o, in sples 499 d. Konradi 1904
"" 490 d.

culture
Distilled, body temp., in 429 d.spleen T1

Distilled, " " 420 d.culture
Distilled 3 mo. McFarland -

11 d, Mouzet 1936
3 wk. Muir 1903
Up to 62 d. Pani~set 1925

Steam ster. dist., 37C Inmoe 48 hr. agar cult. Slater 1893
50 do

Ster. dist.,, 15-20C 81 do Strauss 1889
"6 mao and 23 d. Tanner 194

Dist., 200 7 d. Vacek 1932
" 10-12C, dark Recov. 1, 17 d. Wheeler 1906

"37C, dark 2, 27 d.
"20-22C, light " 2, 13 d.
"%50:359 dark Inoc° 1 drop cult., 17 d, 1907
"98"99F, if " " 1d,

U 68-72F, light 13ifd, 13
"dark " " " 37 d,S. garatlphi A i

histilled 5 d. Aitoff 1935

", incubator temp 42 d.
pH ý.9-6.2

Dist. 23 d. 0ramarossa 1922
" 5 do Mouzet 1936

S. Paratyphi B
Diso. 32 do Aitoff 1935

",incubator temp., 93 d. " "
pH 5.9-6.2

Dist. 25 mo. Ballantyne 1930
" 0-8c 16 mo.

"73 d. af
" 32 d. !4ouzet 17 6

Ster. diet. 8j mo. Tanner 19
Dist., 60-142C, Inoe. 16•-20 hr. cult. & Tinti 196 cog water, I hr, _ _ _

S TOE
S. typhosa

ice >8 mo.* 1%'in 10 do Berry 1934



TABLE ILA2.(CONTID) THE SURVIVAL OF SALMONELLA SPECIES IN WATER

Factor(s) Survival Reference

ICE (oonttd)S. typhosa
Ice 22 wk. Hampil 1932

0 aJ7 md. Hutchings 190
o filtered river,<0C InoC . 2,000,000/o; 1 d. Jordan 1904

Water, feces, urine; -8 40-50 d. Lu-Ti-Huan 1930
to -30C, exposed to air

Stere dist., -5C 1 wk - 14%; 22 wk.- 0% Park 1901
River, OC Recovo <1%, 2 mo. 0

"20-28F .00o%, 16 wk.l
Ice Inoo. 4i0,000,000; Reco Ruedegir 191110,0379000; 14 do
*4 mo. Park 1920

Contaminated water, 14- ReOov. 7,348/00; 103 do Prudden 1887
30F

Water, alternate freezing Inoco 40,896/cc; 3 d.
and thawing 5xIce 99o9% reduction, 8 d. Tanner 19t

"in incasule Agar: recov. 17, 24 hr. Wheeler 1940

SBroth : " 0 2 d. a" outside ca sule Agar: recOv. 36, 2 d. u
"Broth: w 0, 2 d.

" Inoc. 40,896/cc; Recov° Hilliard 1918
2,490/cc; 5 d.

S. paratyphi app.
Ice 13 d. Thomas 1925S. paratyphi B

-_Ice 17 d. "f
SALINE SOLUTION

so •tE hosa

Soap filtered Inoo. 300,000,000/1c;0
32 do Beard 1935

"munfiltered Inoo. 3009000,000/oo;
28 d.

" infected by ducks Found Bidwell '1950
" bouillon Ino.c exclusively. 4 d. De Giaxa 1889
a agar " almost 0 9 9 do 0

Stere sea, bouillon Inoo. 11800, 9 d. 0 0
a agar a 4800, 10 d.:

Sea 1 d. Gohar 1948
" autoolavedp Seitz 32 d-
filtered

Sea, Seitz filtered 2 do "

autoolaved, pulp disc
Sea, Seitir filtered, 3 d. at 600 & 30 d. -100 *

60.•100c

Sea 10 d. Herdni, 1899
Sea (oysters) Inoco 160,000,000; Recov.Klein 1905

320; 4 d.
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TABLE (CONTVD) THE SURVIVAL OF SLMON=&LA SPECIES IN WATER

0 Factor(s) Survival Reference

SALINE SDUTI6ON (cont'd)SEA
S. tyohosa

Won-contaminated sea 16 d, Trawinski 1929
Contaminated sea 3 d.

S.' Parat hi A
sa, filteried Seitz 2 d. Gohar 1948

"U 10 d."d
" autoclaved, Seitz 32 d. 0
filtered

Sea, filtered, autoclav 6 d. 0

ed and pulp disc
Sea, Seita fiIltred and 4 do

heated to 600
Sea, Seitz filtered and 27 d. 0 0

heated to 1000
Sea, non-contaminated 18 d. Trawinski 1929
"a contaminated 6 d.

S. paratyphi B jS Io
-±rTawi1nskJ. 1929

contaminated 1,0 
.i 9

WI 12AGohar1948
" Seitz filtered 3 d. "

autoclaved 38 d.
Sea, Seitz filtered,, 6 d. " I

autoolaved and pulp
disc

Sea, Seitz filtered, 6 d,
heated 60C

Sea, Seitz filtered, 30 d.
heated 100C

S. paratyvhi sp.sea non- cont inated, 16 d. Trawinski 1929

: contaminated"""
S. entertidis

Sea non-contaminated 23 d. *

" contaminated 5 d. - 0S. typhimurium
sea non-contaminated 21 d.

" contaminated 7 d.
PHYSIOLOGICAL
S. typhosa

05 a (1) 8 mo. (2) 5 mc. Ballantyne 19_30
a , R. T 32mo.

Physiological salt, ful 30 sec. Bazzoni 1914
radiion of mercury,
under glass , cooled

Saline 32 d. Cramarossa 1927 :
Star. salt soln.,1 -8C Inoc. 1,080/cc, #>10 d. Jordan 1904"0 0 200 900/cc, 2 d.



TABLE _ (CONT D) THE SURVIVAL OF SALMONELLA SPECIES IN WATER

Factor(s) Survival Reference

SALINE SOLUTION (cont'd)
PHYSIOLOGICALS. parat hi A

05; Na 13 mo. Ballantyne 1930
Saline 33 d. Camarosea 1927S. Paratyphi BW5 iaCl, 37 C 131 mo. Ballantyne 1930

Saline 73 d. %marossa 1927
S. garatyghi Sao
05A NaClq Ro T. 25 3 mo. Ballantyne 1930

S. entertidis
d5% NaCo 377C 1A' mo. Ballantyne 19 30,

S. typhosa
Sewage and sludge Inoo. 45OOOO/mnl., 12 hr Bruns 1927 I
Septic tank 2-'3 d. Flu 1921
Raw, R.T., north light Inoo. 6,500,000; 3 d. Green 1938

"outside, lower than Inoo. 5 m.; 27 d.
R.T., pH 7.2-7.8

7.6
Sewage in trickling filtr ( .<h.
River plus urine of 99o9% reduction 1 wk. Houston 1911

typhoid oases, dark
Water and feces, 1.9C Inoo. 5,800,000/cc; cl Jordan 1904
Sewage, 14o5-170 12,000/cc; 41 d. N

Septic tank 5 d. Kliger 1921
Sewage in river Present Lendon 1951

"of city 37 specimens out of 305 Messerschmidt 4
1951

Polluted Disappeared more rapidly Park 1920 -
than in water or iceStear sewage, R.T. 71 moh Rochaix 1930

Activated sludge, aerated Reoov. 4,5 r Ruchhoft 1934~
0 storage, 0, 8-14 d.

68-72F
Activated sludge, storagq " O, 83 d. "

50-60F
Sewage 5 d. Russell 1906

" winter 26 d. Shimomura 1935
"N summer 7 d.. " 3

Sewage, RoT° Inoo. 1000/oc; neg. in Stewart 1933
7 d.

Naturally infected sewagq 5 wk.
R.T.

Dried sludge, 14% moistue Inoo. 7,500,000/mIl; 180d Stokes 1945
Sludge anaerobic 45 d.
Staer sewage 3 mco and 7 d. Tanner 1b
Fecea and water, 17~-2250, Inoo. many; 96 hr. Uffelman

weakly alkaline
Feces and waterp 90, weak . 24 hr. " fi

ly alkaline



TABLE L__. (CONTID) THE SURVIVAL OF SALMONELLA SPEOIES IN WATER

0
Faotor(s) Survival Reference

SEWAGE (contd)
S.t hosa
Pouted spring, 430 2 d. Watanabe 1930

wellq darkp 10- Recov. 1; 37 d. Wheeler 1907
120

Polluted well1  " 370 ' 17 "
"a Kf 20- 50, 71 d.

22C
Polluted well, light, 20- " l, 15 do22C
Sewage (Belfast) Isolated 10 out of 13x Wilson 1931

" (Lisburn) 2x "
Tap exposed to elements 3 wko. 1912

and inoco with feces
Anaerobic sludge 7 d. Wolman 1924So uaratyphiA

stere sewagep RoTe 71 mo. Rochaix 1930S. DaratYDhiB

Sewage, 37C 24 hr. Hecker 1948
9-5-12C 3 d. Jordan 1904

Activated sludge 50% reduction after 1 hr Pesch 1929
Ster. sewage. R.T. 71 mO. Rochaix 190

"12 do Tanner 1944Sewage (Belfast) Isolated 2x Wilson 1931
, RoT., stored 3 wk.S. paratyphi Sppo

Sewage or city 61 out of 305 specimens Messerschmidt19I
Sludge drying Inoo° 25m/ml; 41 do Stokes 1945

S. entertidis
Sewage o3 city 5 out of 305 specimens Messerschmidt

1951

So tyahosa
Seltzer, 12-15C d. Hoohatetter 1887

7-100 Inoo. a suspn. of agar Pfuhl 1902
cult., 15-27 do



TABLE THE SURVIVAL OF, SHISBLLA SPECIES IN WATER
I

Factor(s) Survival Reference

NATURAL WATERS
Sh. dysenteriae

Tap 4 d, Aitoff 1935
Boiled 11d.
Well, outside temp., with 30d. Bartos 1947

E. coli
Well, R.T., pH 7.2-7.8 Inoo. 2-12 million,

11-18 d.
Water, ster. 24 d. after inoo. Dudgeon 1919
River Many hr. 0 1

Ster. tap, RoTC Inoco 11 standard strain Pelson 1945
6 oo.

Ster., 17-20C Rarely more than a wk. Frost 1905
Water and earth, winter Failed to isolate growth Hampil 1932
Raw lake Inoo. 22,000/cc, 2 d. Jordan 1904 !
Tap i a " if
Raw river " 700,000/cc, 3 d.
Heated well, R.T. 71 d. Karlinski 1907
Unster., R.To 42 d. n
Well, 10-120 56 d.
Tap 27 d. Kusama 1925
Water or urine 40-59 d. Lu-TI-Huan 1933
Tap 4 d. Mouzet 1936
Boiled 1i d.
Spring, high in minerals Inoc. 6,550,000; 18 d. Odst 1919

or organic matter, 200
Spring, high in minerals a 1,350,000; - a "

or organic matter, R.T.
Well, 7-100 Inoc. 2mg. agar cult., PfuIll 1902

9 d.
Well, R.T. Inoc. 2mg. .

5 d.
Well, 37C, R.T., 3C Longer at lower temp. Steuer 1941
Ster. 30 d. Tashira 1932
Water, 1-140 10-13 d. Vincent 1917
impure, 22-280 2-5 d. a

Sh. paradysenteriae (Flexne )
Tap I 6 d. Aitoff 1935
Boiled 22 d.
Tap 16 d. Mouzet 1936
Boiled 22 d. a a
Water 38 d. Stewart 1944

§° pBaradysenteriae (Sonne)
Well, outside temp., with 30 d. Bartos 1947

E. coli
Well, R1.1, pH 7.2-7.8 Inoo. 12 million, 18 d. n 0
Tap, with 0.15 pop.m. re- Found Preen 1943

sidual Cl0.DISTILLED WATER"
IShT I senteriae

Dist e 15 d. Aitoff 1935
"7-73 d. Cramarossa 1927



TABLE JAJ(CONT'D) THE SURVIVAL OF SHIGULLA SPECIES IN WATER

*A I

Factor(s) Survival Reference
I_ _I__ _i__ _Ii__I _ _lii__ _ _ _ _ _ i_ _ _ _ _ i_ _

DISTILLED WATER
Sh. dZienteriae

Dist. 18 d. Kus am& 1925.
15 d. mouzet 1936

"9 60-142C, Inoc. 16-20 hr. cult. Tintl 1923 J
in 6cc. water, 1 hr.

Sh. Raradysenteriae (Flexne dtDist. ok d. Aitoff 1935

" 7-73 d. Cramaroesa 1927
"" 4 d. Mouzet 1936

ICE
Sh. d senteriae

Ice from ster. water 2 moo Felsen 1945
Water, faces, urine; -8 55 d. Lu-Ti-Huan 1930

to -300 ,
Ice -1-68 d. Vincent 1917,

SALINE SOLUTIONS
SEASho dUaent eriaei

0 Filtered sea 2-5 mo. aelen 1945
Contamfnated and non- 30 hr. and 12 hr. Trawinaki 1929

a 1sea .
Sh. paradysenteriae app.

Sea i d. Gohar 1948
"Seitz filt., 2 "

" " 6 auto- 32 d.
claved

Sea, Seitz filt. , auto- 4 d.
olaved, pulp disc

Sea, Seitz filto heated 3 d. 0

60cSea,, Seitz " 28 d. :
1ooc

PHYSIOLOGICAL
Sho dysen~teriae

656 NaCl. 37 131 no. Ballantyne 1930
O08% salt soln. 12-53 d. Cramarossa 1927

Sho paradgsenteriae (Plex e•.)
0.5g salt soln. 12-53 d. Cramarossa 1927

Saline 35 d. 0



TABLE L THE SURVIVAL OF STREPTOCOCCUS MPICIES IN WATER

Factor(s) Survival Reference

NATURAL WAMERS
.3. agalaotiae

Tap 66 d. Bryan 1934

So .yogeneqDeep we Ii d. Livingston 1921
Surface well 8 d.
Lake 7d. " "
Street, autoclaved 6 d. if

River . 4
Country roadside ditch 5 d. "
Street not ster. 4 d. " "
Park lagoon 4 d.
Tap 3 d.
Chicago river 2 d. I,

Water, 37.50 Inoo. 10,000/co; 6 d. A
"27C " 9d. " "
"IC 15 d."

S. faeb6alis
SwimlnT pool plus Cl 1 hr. Ritter 19489 S. salivarius
Swimming pool plus Cl 5 min. " "

S. enterocoocus
"Tap without 61 > 12hr. "h

Vater (phjs) 3 hr. Belin 1933
"1 hr. 10 min. '

""f UJ45C 1O.5 hr. "
.55 1.5 hr. 'f i

Open reservoirs 4d. Holwerda 1928
Covered reservoirs8d. do_

DISTILLED WATER

ster.dsit., R.T.1, subdue 3-87 d. Livingston 1921
light

S. mitis
Dist. 21 3/4 .oo, Ballantyne 1930

u , 0-8C 25 mo.
So. aDD.

Dist. Not given Giloreas 19M0
"4-l d., K value 0.736 Haller 1941

81.6% reduction/day
", 37C Upto 4 d. ?anisset 1925

oter. dist.. 15-200 I1 d. Strauss 1889SALINE SOLUTION
PHYSIAOLGICAL

S. mitis
-'1aCl, 370 13W mo. Ballantyne 1930

so plogrenes
Saline 12 dC Livingston 1921

n value 0.537. 70.9%/d. Haller 19LI
SEWANE "

Feces plus natura- water 7d. Savage 1917
Polluted water wic ithat of typhoid & nit 1931



TABLE _ THE SURVIVAL OF VIBRIO COMMA IN 'WATER

aotcr' ( • ) Survival Reference

NATURAL WATEs I
Vibrio coinrna

Tap 2 d. Arguelles 1927
Ster. tap 6-10 d.
Water, 10 atm. carbon -,'10 hr. Colin 1915

dioxide
Ster. spring 7 noe D'Herelle 1930River,,, filtered ">I yr.""

Tap 56•-66 d. " I
Stere wator 7.18 d.
Water of aquariurm 3 mo."
Well 62 d.
Raw water 1-24 d.
Well 72 hr. Emmerich 1889
Potable water,, filtered 3 wk. Frankland 1886"•Iver.• desr' well.

Ster0 tap InoC. 1499500; Recav6 0, Gelarie 1816
18 d.

Native tap Inoc, 1499500M Recov. 0, "S3 d.
Ster. bay Inoco. 149,500; " "

154 d.
Native bay Ino o 14•9,,05 "00

21 d.
Wter, t- 5 wk° jHaffkje 1895
Rlvpr. ftItored Inoo. 5,500ý 3 hr. Hankin 1896

" boiled " 6,000; 49 hr.
"both " 7,000; 25 hr. "

Well, filtered " 8.500; 49 hr.
"tboiled " 7•5OO;• " "

River•, filterod " 4,200 2 hr. I
Up rivor, filtored Inoc. 19200; 1-2 hr.
Down stream " 1,500; 1 hr. "f
River, near old zadaver Inoc. I•25; I-2 hr."

"reeent " " 2O000! I-5 hr. "
Up streamrI boiled " 1,2500 48 hr. -I
well 1• •200; 48 hr.
Tap 4"-5 wk. Heasse 1,889

" 391 d. Hochstetter 1887
ROw r.iver 99.b9% 1 wk.., 0 ,.-2 wk* Houston 1909
Rltvor, lab condlitions 99e in 3 d. it 1910

"8 d. Kahn 1929
Wel Ii12 d. "
River, boiled 3 d. i "
Raw river <24 hr. 1930
Boiled water, 5 mine open v72 r 7 "hr.

" i " seal. 4,72 hr.
ed

Filterd '.48 hr.
O H ih ed 55C for 1 hr. '-.72 hr. if

Open boiled azid vapor :7? hr.
from Iaw wFter at 80C
fo r 15 n,4



TABLE(tA (COOTI D) THE SURVIVAL OF VIBRIO COMMA IN WATER

Factor(s) Survival Reference

NAIURAL WATERS (eontUdF)
Vibrio comma 4

Openedboiled plus vapor 11 d. Kahn 1930
from raw water at 90"
for 15 mini

Heated at 50C for 15 mil. <2Lr. .hr.
" 80c c " " < 120 hr. ,
" 90C " " " <96 hr. If

Water, 72 hr. Karlinski 1889
Spring 30 d. - Koch 1886
Well and tap, 100C Inoo. 10,100-8o700; iKraus 1887

Recov. 0, 24 hr.
Unster. tap and river 4-6 d. ,Kyriasides 1931
Uell 13-16 d. if
Stero tap and river plus 2 d. o " U

Ir otozoa
Hill 3pring, untreatedg I hr. Lahiri 19391*' .W!

Hill spring, autoclaved, 18 hr. 1?

raw
Calcutta tap, untreate,.- 18 hr. "

raw
Calcutta tapq untreated, 2 d. " "

filt.
Calcutta tapp autoolaved, 24 hr.

raw
Calcutta tapp 12 d. o

filtered
River, untreated, raw 18 hr. ""

"1~ WI filtered 2 d. I""
"autoolaved, raw 3 d. if

"iv U Lilt. 2 d.
Dulhousie sq. tank, un-- l 48 hr. "

treated0 raw
Dulhousie sq. tank , un, 7 d. if

treated, lilt.
Dulhousie sq. tank, auto-, 3 d. 'I

c",aved, raw
Dulhousie sq. tank, " 15 d. L

claved, filt.
Norheldenza & Votudanza 72 hr. "f

tank, untreated, raw
Norheldanza & Vetudanza 7 do " "

taik,, untreated, rilt.
Norheldanza & Votudanza 12 d. "

bank. anito.laved, raw
Norheldanza & votudý.inza 18 a.

tank. autoclaved, lilt.
'Wator or urine 2 d. Lu-T i-Huan l9?3
Rivex-, unconco 41 out of 66 samples Panda 1-947

"cone. 23 out of 66 sanples If
Natural (Assam) 90.-595% positive iPandit 1938



TABLE L4(CONTID) THE SURVIVAL OF VIBRIC COMMA IN WATER

Factor(s) Survival Reference

NATURAL WATERS (cont'd)
Vibrio comma

Artifical water plus salt >3 wk. Read 1939
and organic matter for
growth

Tap, 25C 56 d. Schobel .1914
Ster., 25-27C 7 d. " "

" soda water Inoc. agar cult. 48 hr. Slater 189337C; 10 d.
River and tap, 30-25, 12- 15 d. Wolffhugel 1886

15, 7-10C
River and tap and well 8 d. Yasuhara 1926

DISTI LED WATER
Vibrio comia

Stea. dist. <1 d. Argelles 1927
Dist. 29 do Camarossa 1922

plus CuSo4 30,0r 1 r. Ficker 1898
"Inoc. 4,500; 24 hr. Hankin 1896
34 hr. Hochatetter 1887

" river < 24 hr. Kahn 1929
Stor. dist., 15-200 39 d. Strauss 1889

" " 6 mo. & 23 d. Tanner
Dist. Short .Wolffhugel 18Mb

ICE
Vibrio comna

Water, -• to -30C 1 d. Lu-TI-Huan 1930
Ster. salt water, 0.5- Recov. 0, 6-7 d. Ronk 1893

0.7C
Ster. salt water, 0.5- Inoo. 1,483,000/cc0; "

0.70 Recov. 6 2,|45.co0; 24
hr.

SALINE SOLUTION
SEA

Vibrio comma
3ea 12 d. Arguelles 1927

4 , on bouillon, 370 Inoo. 1,000; 4 d. DeGiaxa 1889
" agar, 37C " 8/10; 2 d.

" ster., on bouillon, " exclusively, 5 d. "
370

Sea, ster., on agar, 37(4. very few, 1 d.
Sea 4-122 d, D'Herelle 1930
Bay, ster. Inoo. 149 500; 154 d. Gelarie 1916

" native " 21 d. " "
Soa, 180, autoclaved 32 d. Gohar 1948
S: autoolaved and 26 d. "
paper filt.

Sea, Seitz flilt. I d. o "
"4' "' " , auto- 5 d. " "
claved, pulp diac

Sea, lilt., star. bact. 3 d.
suspn,

Sea and sewage, 180 21 hr, " "
Synthetic sea d. " "



TABLE J (CONT'D) THE SURVIVAL OF VIBRIO COMMA IN WATER

Factor(s) Survival Reference

SALINE SOLUTION
SEA
Vibrio conmaa

Boiled sea Lives longer than in Kiribazeuski 1934
rAW

Sea direct sun 8 hr. Matsuda 1910
Ster. sea, 25-27C 106 d. Schobel 1914Sea, 5 d. Tohyaza 1925

" 200 2 11. hr.
Bay, 1-5C 11 d. Yasuhara 1926
Sea and river 13 d.
Sea, 30-180 Inoc. 300,000/ce water, Yasukawa 1933

After 4 hr. decreased
99.8%, after 6 hr.
slow increase

Sea, 36-20C After 1 hr. decreased "
86%, 2 hr. 91.7%;
6 hr. increased slow

Surface 23 d.S•Center 22 d.,,

Bottom 29 d.
PHYSIOLOGICAL

Vibrio cozma
Sat. solna of NaC1 Less than 1 d. Arguelles 1927
Saline 36 a. Cramarossa 1927

Vibrio comma
Sewage 24-48 hr. DHerelle 1930
Septic tank 24 hr. Flu 1921
Sewage Capable of enormous mult Frankland 1886

Seitz filtered, 23 d. Gohar 1948
pH 6.5

Sewase, autoclaved, pH 26-29 d.

Sewer 6-7 d. Koch 1886
Cesspool < 24 hr.
Ster. sewage 71 mo. Rochaix 1930S toO 7 d I ~ nne .. 19?/0

OTHERS
Vibrio comma

Seltzer-water, 180 21 hr. Hochstetter 1887

I-F%



TABLE C THE SURVIVAL OF VIRUS IN WATER

I

Factor(s) Survival Reference

NATURAL WATERS - j
Polio

Tap, ice box 100 d. Carlson 1942
" direct sunlight Inooo 1:100 dil., 30-45

rmin.
Water None Francis 1948
Tap, darki R.T. 114 d- Kling 1929
Susp'n of monkey cord

added to water, RoT 1 mo Landsteiner 1911
Natural water, pH 7.9 - 10 no Lensen 1949

8o3. and 10-1125,
C 05 ppm0 residual free!Cl and .1i-.15

Several lakes,4 18--25.3C, Inoo 0.25%, <10 min.
pH 7,-42-8.25, 0.05 PP21,
residual C1

River, 20-.3C, pH 70 8-8.21 Inoc. 0.25%, 10 min.
0,05 ppm, free residual,
Cl, after 5 minn contac$

Lime treated well, 21-26C Inoc• 0.25%, •I hr.
pH 8o0-I0o.5, traces of 0.5%, 1 hr.
residual C1 after 5 mini
contact

Creek water, Infected by the cotton Toomey 1945
1 rat

Lymphocytic ohoriomening Iti.
Chlorinated drinking 7.3,4 d. Zichis 1948

water, RT,
Veetewn equine encephalitis

Chlorinated drinking, R.T, 5,2p4 d.
St. Louis encephalltis

Chlorinated drinking, HoT h13•2 d° _ d"
DISTILLE WATER

Yellow fever
Di'st'°7e box 10 yr. Bauer 1940

Polio
-=stop pH 6o85-7o4, 0.05 10 min. Lensen 1949

ppm,, residual free Cl
Vaccinia virus

Dist1 . I t -7C 60 d. Noxuchi 1918
SEWAGE

Polio
S-ewage, 70F Reg. at 5-14 d. Evans 1946
Stool fresh Presont Francis 1948
Sewage, 4C 2-3 mo- Kling 1942
A" Activated sludge and Krumbiegel 1944

chlorination effect
Stool plus water And oro.- Inactivated 30 min. Faber 1951

nasopharynge& iieecretion
Domestic oewege Present Maxcy 1949
Sewage of polio vict~ims Possibly hr. 1943

and carriers



TABLE LjL (CONT'D) THE SURVIVAL OF VIRUS II• WATER

Factor(s) Survival Reference

'SEWAGE
Polio
--- ahospo (polio) sewage, Present in late summer Melnick 1947

residential sewa'e and fall
Stool plus river, 4C, pH 188 d. Rhodes 1950

7.98, dark
Activkted sludge in am't Non-effective after 6 hr Ridenour 1943

as low as 1100 ppm0 l aeration
Sewage Present when cases are Trask 1942

reported

C.



TABLE L ~~~THE SURVIVAL OF' YEASTS AND FUN~GI IN 'WATER

Fi, actor(s) ISur'vival. Reference

FATýURAL WATERS
Asp e illus

Taro___ 1ýPx 56 do Hoohatetter 1887

Dltý1-7 56 do Hochatetter 1887
Cladosorium mansoniI

Dit9.RT 12 mo. Castollani 1939
Aleurlama castellanii.i

Diet..9 R

Diet8 HOT. I
?4orilia sp

Epidermophyton f1 apposum I
Dist*, R.To " _____
Bacohromces apo
Dist.9-21 to -78C Knoc. 10,O0O-100,O00/mil. Lund

Mre resistAnt to
free zing than thawing

-10CO pH 6.5 jinoc. 550,000/cc; Recov.Il~cF'arlane 1941
i 68 .2pp;28 wk.

-20CO Inoo. 509000/cc;
70.9 ; 28 wk.

-10c, " 25 wk.oc i,5001
995~ 28 wk.

" -20C, a )Inoo. 55,000100 ; 1 I

80.75~ 28 wkc.
*-10C, " 307 mnoo. 500,000/cc;0

-20C, Ioo. 500,000/cc;
932%; 15wk±..

Aspergilius
Setzer, 2-17C 56 do Hochatetter 1887
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SU24 ARY OF ABBREVIATIONS USED IN TABLES

elk. alkaline
avg. average
C. Degrees centigrade
Col. Colonies
cone. concentration
cont'd, cont. continued
at. count
cult. cUlture
d., doe, daes day or days
Dess8c. Desiccate
dil. dilution
F. Degrees fahrenheit
fl. fluid
G.P. Guinea pig
gel., Gelatin
h., hra. hour or hours
ine. inrnease
Ioe., Innoc. Inoculate
irrad. i'riadi ated
L6. Lgrge
max. maximum
mord. medium
met., me thyl
mine minute or minutes
moso months
mult. multiplied
otg * organi sm
path. pathogonli
physiol, physiological
ppm. parts per million
ppt. preolpitate
RoN. Relative hum4dity
RT. Room temperature
Recov. Recovered
refrigt refrigorati on
sees second
senait, sonsitiz ation
saoln., solln solution
Bpp. species
str. strain
suap., .,,aptn sanspension
T.B., tb tuberculosis
temps temperature
U.V., Uov., UV Ultra violet
wkse weeks
xI tifaes
r., yrs. yeer or yebrs

greater than
I'less than

presentl plus
0 none
- minus
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