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THE TREATMENT OF ANKYLOSTOMIASIS, 
OR HOOKWORM DISEASE. 

fj By CLAYTON LANE, M.D., 
MAJOR, I.M.S., 

Civil Surgeon, Darjeeling. 
J This paper has been written at the request of 

the Committee of the Darjeeling Planters' Asso- 
ciation, and its point of view is that which it is 

hoped 
' 

will prove most useful in obtaining a 

healthy and efficient labour force. The loss of 

efficiency caused by a moderate degree of infec- 
tion with hookworms is a fact which is possibly not 

widely realised, and it would probably be of 

commercial advantage in many cases to treat the 
whole labour force for hookworms at regularly 
recurring intervals of from G to 12 months. 

It may, however, be again pointed out that the 

prevention of infection by the proper disposal of 
faeces is the ideal at which one has to aim, both 

medically and economically. 
The treatment of ankylostomiasis resolves 

itself into two parts, the expulsion of the para- 

sites, and the removal of any ill-effects which 

these may have produced, of which the chief is 
anaemia. It is not necessary to go into any 
detail regarding the treatment of the anaemia 

with iron and other drugs, except to say that 

improvement will not occur until the parasites 
have been removed. This paper will then deal 

entirely with the question of the best method for 
securing the expulsion of the parasites. 

Before entering into details regarding the 
different possible lines of treatment, it will be 

wise to consider a few important points, equally 
applicable to them all. The first of these is that 

no single course of treatment by any known drug 
or combination of drugs can be relied upon to 

expel all the ankylostomes which are present. 
This means, of course, that one cannot expect to 
get rid of all the worms with less than two courses 
of treatment, and that more even than these 

may be required. How many courses must 

actually be given may be determined in one of 
two ways?either by actual observation, or by 
inference. 

Actual observation can be carried oat, by a 
medical man with many duties, only if an occa- 

sional case has to be treated and if the patient is 
in a hospital. It may be done in one of two ways. 
If a microscope be available it will be possible to 
determine after each course of treatment whether 

ankylostome ova are still present in the stools. 
In relying on this test it is essential to remember 
that there is a fallacy underlying it, namely, that 
any course of anthelmintic treatment interferes 

with the egg-laying power of such ankylostomes 
as are left behind that no eggs are found in the 
stools for some days after the course is finished. 
This effect often lasts for nearly a week, and 
rarely may last apparently as long as a fortnight. 
It is therefore useless to examine the stools for 
ova until nearly a week has passed since the last 
anthelmintic course. It is well too to remember 
another better known fallacy, namely, that it is 
not possible to say by the examination of one 
microscope slide only that there are no ankylo- 
stomes left in the bowel, but that at least 15 
slides must be looked through before it can be 
said, with any approach to certainty, that this is 
the case. 

If no microscope be available it is possible to 
ensure a complete cure by repeating the courses 
of treatment till no more ankylostomes are 

passed. Apart from the difficulty of beino- cer- 

tain that the person to whom the disagreeable 
duty of washing and searching the stools is 
entrusted carries it out properly, it is well 
to remember that after a course of treatment 
ankylostomes may continue to be passed for 
about a week, so that if absolute accuracy is 
wanted all stools passed within that period must 
be examined. This also is one of the reasons 

for not following one course of treatment by 
another at an interval of less than a week. 
Absolute accuracy too entails the giving of an 
unnecessary course of treatment; that is to say 
the last treatment, which results in the passage 
of no worms, is unnecessary. 

In view of the large amount of labour and time 
required to ensure accuracy it is obvious that the 
number of courses of treatment required will in 
most cases have to be a matter of inference, that 
is to say, will be merely the number which actual 
experience has shown to be usually sufficient. 
This number varies for different, drugs and will 
not be correct in every case; but it is sufficiently 
accurate for practical purposes, and is usually 
the only method available for the use of those 
for whom this paper is intended. It will be 
shown presently how this method can be used 
with a reasonable degree of accuracy. 

Passing now to the drugs to be actually employed 
it is convenient to note first that the essential 
character of an anthelmintic is that it should be 
a drug which will poison the worms without 
poisoning their host; and so it comes about that 
anthelmintic drugs are almost insoluble in water 
ftnd cannot readily pass through the intestinal 
wall into the circulation and poison the host. 
The sole exception to this rule is chloroform, and 
the measure of safety associated with this druo- 
lies evidently in the fact that it is very rapidly 
excreted from the blood by the lungs, the 
excretion being practically as rapid as the"absorp- 
Aou. Since the whole essence of anthelmintic 
treatment is that the drug used should poison the 
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worms without poisoning their host, it is obvious 
that the less of the drug which can be used for 
this purpose the less chance is there of the host 

being poisoned. It is equally obvious that the 

emptier the bowel the more concentrated will 

be the drug, and the less of it will be required to 
kill the parasites. Accordingly it will always be 
of great advantage to empty the bowel as far as 

possible before any anthelmintic is given. This 
will be greatly assisted by a light diet on the day 
before treatment is begun, particularly in the 

case of natives of India whose ordinary food is 

very bulky and contains a large amount of 

indigestible matter. It is not however always 
easy to arrange this, and in any case the contents 
of the bowel can be greatly lessened in amount, 
and the concentration of the anthelmintic drug 
correspondingly increased, by a sharp purgative 
taken the evening before the vermifuge is 

administered. A tablespoonful of Epsom salts 
forms a satisfactory purge. 

Although many drugs have been used from 

time to time for the expulsion of ankylostomes, 
there are only four lines of treatment which have 
hitherto proved useful. They are as follows :? 
The Eucalyptol Treatment.?After the 

usual preliminary treatment on the previous 
evening, and as soon as the bowels have been 

opened next morning, a dose of fifteen minims of 
oil of eucalyptus, twenty-five minims of choloro- 
form, and five drachms of castor oil is given, and 
is repeated in half an hour. 
The Betanaphthol Treatment.?After the 

usual preliminary treatment on the previous 
evening three doses, each consisting of ten 

grains of betanaphthol, are given at 6, 7, and 8 

a.m., and a dose of Epsom salts at 10 a.m. 
The Thymol Treatment.?This is precisely 

the same as the betanaphthol treatment except 
that each of the three doses consists of twenty 
grains. In this case, as in the last, the drug 
can be given in cachets or in emulsion. 
The Chenopodiol Treatment.?After the usual 

preliminary treatment fifteen minims of oil of 

chenopodium are given on sugar at G, 8, and 
10 a.m., and at noon an ounce of castor oil. 

The next matter to be considered is the rela- 
tive advantages and disadvantages of these different 
treatments from four different points of view :? 

1. The Clinical Point of View. 

(a) The Eucalyptol Treatment.?Major B. K. 
Ashford, Medical Corps, U. S. Army, of the 
Porto Rico Anaemia Commission, says :?" The 
use of eucalyptol is absolutely unjustifiable; it 
is very dangerous and well nigh impossible to 

repeat on account of the resistance of the patient, 
the chief symptoms being extreme debility, 
dizziness, dyspnoea, and syncope. In our short 

experience with the drug it was generally 

necessary to administer stimulants to prevent a 

fatal result." 

On the othar hand Manson says of it:?It is 

a very efficient vermifuge much less unpleasant 
and much less dangerous than thymol or beta- 

naphthol." 
I have personally used it in some hundreds of 

administrations, and have very rarely had any 
untoward symptoms arising. I possess also 

intimation as to its gratifying success in out- 

patients. The treatment paralyses rather than 

kills the ankylostomes, and the castor oil is an 

essential part of it; for the ankylostomes must be 

expelled before they recover from the stupifying 
effect of the drugs and attach themselves again to 
the wall of the gut. 

(b) The Betanapiithol Treatment.?Such 

of the drug as is absorbed from the bowel into the 
circulation is excreted by the kidneys, and in its 

passage through these organs is apt to produce a 

dangerous or fatal acute inflammation, if the 

kidneys are not previously sound. In severe 

ankylostomiasis the kidneys are frequently in a 
state of fatty degeneration, and very susceptible 
to damage, so that, before giving the drug in 

these extreme cases, it is important to be certain 

that there is no albumen in the urine. The drug 
is a direct poison to the worms. 

(c) The Thymol Treatment may cause 

a good deal of burning in the stomach, irritation 
of the bowel, dizziness and depression, and in 

this case also such of it as is aborbed is excreted 

by the kidneys and may irritate these organs if 

they are not sound. It is therefore not a good 
drug to use in gastritis, dysentery, heart-disease, 
old age, great debility, or where there is albumen 
in the urine. It is a direct poison to the worms. 

(d) The Ciienopodiol Treatment has hitherto 

not been extensively used for any medical 

purpose, so that what is said about its safety 
must be accepted with some reservation. The 

plant from which the oil is obtained is a common 
weed over large tracts of America, but in spite of 

thic only 12 cases of poisoning have been reported 
over a period of more than 50 years. Of these 
cases 8 proved fatal. It appears to act on the 

central nervous system, and in all the fatal cases 

the doses appear to have been excessive. It 

merely paralyses the worms, and does not 

immediately kill them, and in itself is rather 

constipating ; so that, as in the case of the 

eucalyptol treatment, an aperient must accompany 
the drug. 

In severe cases of ankylostomiasis all these 

drugs require to be used with caution, that is to 

say the doses should be smaller, and the number 
3f courses of treatment should be correspondingly 
increased. It is probable that Ashford's cases 

:reated with eucalyptol were of this nature; 
)therwise it is difficult to account for his 

vnxieties. In giving thymol it is very important 
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to remember that it is very soluble in alcohol and 

in oils, and that when dissolved it will be rapidly 
absorbed and will become poisonous to the host 

of the parasites. It is true that some physicians, 
particularly Bozzolo, the originator of the treat- 

ment, deliberately give enormous doses of thymol 
and then give alcohol in order to increase its 

effect. On the other hand the American 

experience, the largest in the world, lays great 
stress on the importance of care in this direction. 
Deaths do undoubtedly occur if care is not 

taken, and the Americans are so convinced of 

the need for this that they even exclude milk 

from the preliminary diet, in case an excess of 

thymol might be dissolved by the fat of the milk, 
be absorbed, and produce poisoning. For a simi- 
lar reason castor oil ought not to be used as the 
purgative accompanying this treatment. It is 

also with a view to preventing poisoning that cer- 
tain Americans have recently advised the practice, 
advocated above, of giving the thymol in three 
doses of twenty grains each instead of in two 

doses of thirty grains each; for if serious symp- 
toms should show themselves the rest of the 

treatment can be stopped and the total amount 
taken will be less. In cases with great weakness 
the preliminary purging should be omitted, and 
the doses reduced, as mentioned above, to a half 
or a third of the standard dose. The remarks 

regarding thymol apply equally to betanaphthol. 
Chenopodiol appears likely to prove a safe vermi- 
fuge, when reasonable care is taken over its 

dosage. In spite of practice by some to the 

contrary it is strongly advised that the standard 
doses given above be never exceeded; and that in 
cases where the kidneys are unsound either the 
eucalyptol or chenopodiol treatment be used in 

decidedly reduced doses. It is also urged that 
for safety's sake the rule of not following one 
treatment by another with an interval of less 
than one week be never broken. With attention 
to those points none of the treatments can be 
considered as unsafe. 

2. The Helminthological Point of View.? 

By this term is meant the readiness with which 
the species of ankylostome passed can be identi- 
fied. If ankylostomes, while still alive, be drop- 
ped into hot seventy per cent, spirit they take up 
characteristic attitudes at the moment of death, 
and the different kinds can be readily differen- 
tiated from one another without the microscope. 
In determining the relative distribution of the 
different ankylostomes it is a great advantage to 
have the ankylostomes passed while still alive, 
and in these cases the use of either eucalyptol or 

chenopodiol is strongly to be recommended. 
3. The Point of View of Efficiency.?It has 

been noted above that one course of treatment 
will not usually expel all the hookworms present 
in any particular person. This fact has been 
used in the following way to ascertain the 

relative efficiency of different drugs. In a number 
of cases two different courses of treatment have 
been given to each patient one after the other. 
The first course has varied and the second has 
consisted of thymol. The worms in every case 

were counted separately for the two sets of treat- 
ments, and the relative numbers ascertained. 
Reduced to percentages these fio-nres were as 

follows:? 

Eucalyptol removed in the first treatment 38<y) 
Betanaplithol ? ? ? ? 68% 
Thymo1 >? ? ? ? 83% h is 
Chenopodiol ? ? ? 

" 

91%J~fi? 
These are average figures and they show the 

truth of the statement made above that no sino-le 
course of treatment by any known drug or combi- 
nation of drugs can be relied upon to expel all 
the hookworms present. The percentage of 
worms left behind after two courses of treatment 

by chenopodiol or thymol is so small that for 

practical purposes one may look upon two 

courses as all that are necessary. Regarding 
betanaphthol one course of treatment will re- 

move 68% of the worms, and leave behind 3(2?/. 
The second course will remove G8% of those that 
were left behind after the first treatment, but 
even then there will remain a fairly large percen- 
tage, requiring a third course of treatment to 

effect a practical cure. Similar reasoning gives 
five courses of eucalyptol as necessary to effect the 
same purpose. For a reason which will be plain 
presently we will call these figures 

" the Units of 

Inverse Efficiency 
" and tabulate them thus for 

convenience:? 
Unit of Inverse Efficiency. 

Eucalyptol treatment 5 

Betanaphthol treatment 3 

Thymol treatment 2 

Chenopodiol treatment 2 

4. From the Point of View of Expense. 
The expense of effecting a cure may be looked 

upon as a combination of three factors, namely, 
efficiency, dose, and cost per pound of the drug 
or drugs used. These factors can be reduced to 
a formula by means of which the relative expense 
involved in the use of the different anthelmintic 
courses at any particular time can be imme- 

diately ascertained. The formula consists of three 
sets which we will call the Unit of Inverse Effi- 
ciency, the Unit of Dose, and the Unit of Cost. 
The Unit of Inverse Efficiency has Just been 

considered. 
The Unit of Dose is the weight of the dose of 

betanaphthol required for a full treatment, that is 
thirty grains. Taking this as 1, the unit for 
eucalyptol treatment will be 2*6. that is to say 
thirty minims of oil of eucalyptus equivalent to 
1 unit, and fifty minims of chloroform equiva- 
lent to 1-C units. The dose of thymol, being 
sixty grains for the treatment, is equivalent to 
2 units; jind the dose of chenopodiol being 
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?6 

forty-five minims represents 1 '5 units. These 

may be tabulated as follows:? 

Eucalyptol. 
Dose in grains Unit of 
or minims. dose. 

Oil of eucalyptus ... (30 f 1 
Chloroform ... I T)0 \ 1' 

Betanaphthol ... 30 1 

Thymol ... 60 2 

Chenopodiol ... 45 l'Q 

The Unit of Cost is merely the expression in 
decimals of the cost per lb. of the drugs which 
are used. These of course vary from time to time, 
and are doing so enormously now as the result of 
the war. The figures given immediately below 

represent the present cost of the drugs in India, 
with the exception of Chenopodiol, which is 

practically unobtainable here, but which is quoted 
in England at Is. Gd. per oz., and could 

presumably be landed in India at the price given 
in the table :? 

Cost per lb. Unit of cost. 

Eucalyptol. 
Rs. A. 

Eucalyptus, oil of, 
Chloroform 

Betanaphthol 
Thymol 
Chenopodiol 
Whether the reader has or has not followed the 

preceding argument is immaterial for my present 
purpose, so long as he realises that, in order to 
ascertain the relative cost of these different lines 
of treatment all that is necessary is that he 
should multiply together the three different 
units given above, having first satisfied himself 
as to the correctness of the unit of cost which 
he is using. The only point which is not quite 
straightforward is in the case of the eucalyptol 
treatment, where there are two different drugs ' o 

to be considered. In this case the unit of dose 
and the unit of cost for chloroform must be 

multiplied together, and the unit of dose and 
the unit of cost for oil of eucalyptus must be 
multiplied together separately, the two results 
added together, and the total so formed 

multiplied by the unit of inverse efficiency for 
the treatment ; which is of course the result of 
the effect of the two drugs taken together. This 
sounds rather complicated, but the actual 

example will show clearly what is meant. 

(2 0 (2 

12 12 1275 
3 8 3'5 

16 0 16 

24 0 24 

Unit of Relative 
inverse cost of 

efficiency, treatment. 

Unit of Unit of . , c Treatment. 
dosQ< cost_ 

inverse cost of 

Eucalyptol? 
Oil of Euca- 1 x 2 ?2 

lyptus. 
Chloroform... 1'6 x 2'75 = 4'4 

6'4 X 5 = 32 

Betanaphthol... 1 x 3'5 ... 
x 3 jo"5 

Thymol ... 2 x 16 ... X 2 =64 

Chenopodiol ... 1*5 X 24 ... 
X 2 = 72 

In order to make clear how rapidly the unit 
of cost is varying at present, there is inserted 

here for comparison a similar table showing the 
relative cost of different treatments as they stood 
before the war began :? 

(Jnit of Relative 
inverse cost of 

efficiency, treatment. 
Treatment. 

VnHot UnUof inven)0 cost of 

Eucalyptol? 
Oil of Euca- 1 x 4'7 = 4'75 

lyptus. 
Chloroform... 1'6 X 2 = 3'3 

8'05 x 5 = 40'25 

Betanaphthol... 1 X 2"o ... x 3 = 7*5 

Thymol ...2 x 7 ... x 2 =28 

Chenopocliol ... 1'5 x 48 ... X 2 =144 

In this last table the figures for the first three 

treatments are taken from the price list of 
a well known Calcutta firm, and that of cheno- 

podium is the actual price paid for the drug to 
another Calcutta firm, a price which was no doubt 
a fancy one. 

The way in which the price of thymol has 
risen since war was declared is very striking. It 

will rise higher almost certainly, for it has hitherto 
been made practically entirely in Germany, and 

is now unprocurable in some parts of the world. 
It is already quoted in London at 25 shillings a 
pound. 

Oil of chenopodium is obtained from the seeds 
of Chenopodium anthelminticum, a plant which 

grows as a most pestiferous weed across the 

southern parts of the United States from Florida 
to California. It is .cultivated in increasing- 
quantity in Maryland, and the manufacture of 

the oil is almost entirely limited to that part. 
Since the plant grows so profusely it is at least 

possible that the difficulties of obtaining thymol, 
and to a lesser extent of betanaphthol, will 

stimulate the production of the oil to a degree 
sufficient to produce a material reduction in its 

price, and it will be wise for medical officers of 

tea gardens and other concerns employing large 
numbers of coolies to keep an eye on its price in 
the future, bearing in mind that the relative cost 
of treatment by it is even now little more than 

that by thymol. At the same time, since the 
United States requires about 100,000 treatments 
a year, there does not seem much likelihood of 
their allowing of much export of the oil for the 
use of other countries. They will be too hard put 
to it in the carrying on of their own immense 
campaign against hookworms to be likely to spare 
the material they can produce and use in their 
own country. 

It is very plain that the treatment of severe 

cases of ankylostomiasis requires care and 

judgment and can only be safely undertaken 

by a medical man. In these cases expense 
cannot be the main consideration ; but that drug 
must be used which is the most suitable under 

the circumstances. On the other hand in mild 

cases the conditions are quite different, The only 
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symptoms exhibited may be a certain slight 
degree of' anosmia possibly not noticeable except 
by special means, with slackness and inefficiency 
as a worker. With a labour force limited in num- 

ber and to which further addition is difficult, and 
which is also relatively inefficient on account of a 
moderate degree of infection with hookworms, it 

is proper from the medical point of view, and 
essential from the commercial one, to use that 

anthelmintic whose relative cost, obtained by the 

method explained above, is the least. 

So far as the writer is aware the different lines 
of treatment have not hitherto been presented to 

practitioners in such a way that they can without 
difficulty determine immediately (provided they 
have accurate information as to unit of cost) 
their relative cost; and it is hoped that the 

simple formula here put forward may prove of 
real value to medical officers of tea gardens and 
other large commercial concerns whose money- 
earning capacity is interfered with by hookworm 
infection of moderate degree among their 
workers. 


