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     Abstract:  
Paragonimiasis is one of the most neglected tropical food borne parasitic diseases despite the fact that nearly 293 
people are at risk of infection and about 23 million people are infected in the world.  Recently, new cases and new foci 
of paragonimiasis have been detected from North America, Korea, Japan, Lao PDR, Taiwan, Indonesia, the Philippines, 
Vietnam, India, Nepal, Bangladesh, Sri Lanka, and Myanmar. About 50 Paragonimus species have been described of 
which 15 are known to infect humans. Recently, the occurrence of P. heterotremus, P. huet’ungensis, P. skrjabini, P. 
macrorchis, and P. miyazakiimanipurinus n. sub spp  and P. pseudo heterotremus have been described from  India and 
Thailand, respectively. The parasites utilize fresh water snails as the first intermediate molluscan hosts and crabs and 
crayfish as second intermediate crustacean hosts and wild mammals and humans as definitive hosts. Humans acquire 
the infection by ingestion of raw or undercooked fresh water crustacean hosts that harbor infective larval stage.  
Pulmonary paragonimiasis is the commonest clinical form which is very often misdiagnosed as pulmonary 
tuberculosis and lung cancer due to similar clinical and radiological features. Low awareness is the most important 
reason for the disease being overlooked.  Whereas, the microscopy demonstration of Paragonimus eggs is the 
mainstay of laboratory diagnosis, various specific and highly sensitive serological tests have been developed in 
countries where it is endemic. Although nonspecific, high blood eosinophilia and raised erythrocyte sedimentation rate 
are usually associated with paragonimiasis. Praziquantel or triclabendazole or bithionol are equally effective in the 
treatment of the disease. Primary control strategies should include Information, Education and Communication (IEC) 
and Behavioral Change Communication (BCC) activities on safe food practices, improved sanitation, and awareness 
program about paragonimiasis.  
Key Words: Paragonimiasis, Neglected Tropical Disease, Review, Epidemiology, Diagnosis. 
 

Introduction: 
Paragonimiasis also known as lung fluke infection is one 
of the most important but neglected food borne parasitic 
zoonosis caused by trematode species of the genus 
Paragonimus. The disease is widely distributed in many 
parts of Asia, Africa, and Americas and endemic in China, 
Japan, Korea, Vietnam, Indonesia, Taiwan, Thailand, 
Philippines, Belgium Congo, Nigeria, Cameroon, Peru, 
Ecuador, Colombia, Venezuela and Mexico [1]. Humans 
acquired the infection by ingestion of raw or 

undercooked second intermediate fresh water 
crustaceans hosts harboring the infective larval stage or 
paratenic host containing the juvenile stage of the 
parasite. The most common clinical form is the 
pulmonary paragonimiasis which is almost always 
mistaken for tuberculosis. The infection can also occur in 
sites other than lungs.  Recently, WHO has considered 
paragonimiasis as one of the most neglected tropical 
diseases [2].  
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WHO was paying attention to a parasitic disease 
which has been struggling hard for its recognition as 
one of the important food borne parasitic infections 
for the past several decades.  
In terms of disability adjusted life years (DALYs) 
paragonimiasis surpasses opisthorchiasis, 
fascioliasis, and intestinal diastome infection 
combined [3]. In the recent years since 1980s new 
endemic areas have been discovered in India 
[4,5,6,7]. 
North America [8] and Nepal (personal 
communication), however, it appears that public 
health authorities has not paid much attention to this 
disease. The most important problem with 
paragonimiasis is the confusion with diseases having 
similar symptoms and delay in the diagnosis causing 
significant impact on the health and economy of the 
patient and family. If aware it can be diagnosed with 
simple laboratory tests and effectively treated with 
praziquantel or bithionol, 2, 2’-thiobis [4,6-
dichlorophenol] or triclabendazole {5-chloro-6 (2,3-
dichlorophenoxy)-2 methyl ethiobenzimidazole}.  
This review is intended to give an account of the 
epidemiology and diagnosis of paragonimiasis and 
bring in awareness about Paragonimus and 
paragonimiasis with special reference to Indian 
subcontinent where it has emerged as public health 
problem, recently. 
Epidemiology 
Problem Statement 
In 1995, it was estimated that about 20.7 million 
people are affected by paragonimiasis worldwide [9]. 
More recent estimate (2012) indicated that 293 
million people are at risk and about 23 million 
people in 48 countries are infected [2,10]. Over the 
years several new cases of paragonimiasis have been 
reported from India, China, Thailand, Vietnam, Nepal, 
Myanmar, Sri Lanka, Bangladesh, North and South 
America, and Africa [11]. We consider the above 
figure as underestimate due to the fact that not all 
the patients sought medical attention and not all 
cases are published in the journals.  
Americas: In Ecuador the highest prevalence of 
human paragonimiasis was reported in in 2011 and 
is still considered a public health problem. Official 
data recorded from 1978-2007 indicated an annual 
incidence of 85.5% cases throughout the 19 
provinces, with an estimated 17.2% of the 
population at risk of infection with a total case 
burden of 0.5 million and still this prevalence was 
considered lower than the expected as a result of 
underreporting because the patients belonged to 
poor families in rural areas where health services 
were lacking 12 Till 2009, a total of 16 cases of 
indigenous paragonimiasis caused by P. kellicotti 
have been reported in the United States, with the 
largest number from Missouri [8]. 
Asia: In China, the total nationwide prevalence of 
paragonimiasis was 1.71% from 2001 to 200413   
and over 20 million are infected and 195 million are 
at risk [14]. In Japan, where it was almost eradicated 

following health education, improved food hygiene 
and socio-economic standards, a total of 152 cases 
has been reported from 1998 to 2002 [15]. Uchiyama 
et al reported that both children and adults were 
infected and there was no significant difference in 
male and female ratio [16]. Korea reported a 
prevalence of more than 1.5 million cases till 1997 
[17]. The estimated prevalence of paragonimiasis in 
the Philippines in 1984 was between 0.7 to 9.96% 
[18]. Paragonimiasis is currently very rare in Taiwan 
[19] only sporadic reports of paragonimiasis occur in 
Taiwan from elderly populations that immigrated 
from China [20]. According to a study in Thailand, 
there have been at least 10 reports in the literature 
of 68 cases of pulmonary paragonimiasis in the Thai 
population [21]  Khoo (1957) have described nine 
human cases of pulmonary paragonimiasis in 
Singapore but considered the infection might have 
acquired from Japan where the patients have eaten 
raw crabs [22]. In Vietnam, the first case of 
paragonimiasis was reported in 1906 and from 1906 
to 1992, over 30 cases of paragonimiasis were 
reported [23]. In spite of over 15 years of repeated 
mass screening, treatment, and education about 
paragonimiasis, Doanh et al [24] still found patients 
in some previously reported endemic areas, 
especially in Sin Ho district of Lai Chau Province of 
Vietnam, where seroprevalence rate was 12.7%. 
Recently, in Lao PDR with several small foci of 
paragonimiasis, nine cases of paragonimiasis of 
primary persistent pleural effusion were reported 
[25]. 
Indian Sub-continent: In India, the first indigenous 
case of pulmonary paragonimiasis was detected by 
Singh et al in 1981 [26] followed by the discovery of 
several cases in the northeast Indian state [27].  A 
case of pulmonary paragonimiasis was also reported 
from Maharashtra by Patil et al in 1984 [28].  Recent 
epidemiological surveys indicated that 
paragonimiasis is endemic in the northeast India 
with the prevalence rate ranging from 2% - 36% 
(average: 6.7%) in Manipur, 52% among children 
under 15 in Arunachal Pradesh and 50% among 
school children in Nagaland [5-7]. 
Recently, Mohamed et al (2012) reported pulmonary 
paragonimiasis and massive pleural effusions in 
three Myanmar refugee children at Kaula Lumpur, 
Malaysia [29] Also, a case of pleuropulmonary 
paragonimiasis in a 58 year old Burmese (now 
Myanmar) male immigrant was reported from 
Colorado Denver, USA [30]. In Nepal, an endemic 
focus of paragonimiasis was discovered in Gadavari 
forest near Kathmandu in 2012 (personal 
communication) in which eight out of ten people 
who have eaten barbeque of freshwater 
mountainous crabs became infected with 
Paragonimus. Two of them presented initially as 
bilateral pleural effusion associated with high 
eosinophilia (83%) about two weeks after 
consuming the crabs. Till date, no report of human 
paragonimiasis from Bangladesh, Bhutan, 
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Afghanistan, and Pakistan is available in the 
extensive search of literatures. 
Epidemiological Factors 
Age & Sex- Paragonimiasis may occur at any age but 
findings in most of the studies suggests that it is 
more common among the children (age ≤ 15) 
[6,7,31,32,33] and in some other studies it was found 
to be common in the age group of 15 -45 years 5 
Most of the studies found no significant difference in 
male and female ratio [16].  However, some studies 
showed male predominancefor example in Manipur, 
India male to female ration was reported as 2.1:1, 
probably as a result of increased exposure to 
infection [4]. In an epidemiological survey the 
possibility of limited access to health care for women 
as an explanation for the observed difference does 
not arise, however, it may have some influence on 
the study in the health care settings.  
Modes Of Transmission and Risk Factors: 
Generally, people acquire infection by eating raw or 
undercooked fresh water crabs and or crayfish or 
shrimps containing the infective larval stage of 
Paragonimus. Therefore, infection is common in 
countries where people consume raw or 
inadequately cooked crustaceans. There are a variety 
of dishes prepared locally as per the tradition and 
culture, practice and preference of the people in the 
community. In northeast India, raw or smoked or 
fried or improperly cooked crabs are consumed as a 
delicacy, dietary supplement of protein, and as folk 
medicine to enhance immunity. A popular Manipuri 
dish, “Waikhuametpa” or “Waikhu Singju” (waikhu 
meaning crab) wherein raw or smoked crabs are 
chopped and crushed into smaller pieces to which 
salt, chilies, garlic, onion, ginger and coriander are 
added. The recipe is usually consumed with alcoholic 
beverage. In the Philippines, “Kilano” a raw crab dish 
with citrus fruit juice and coconut milk are taken 
with alcoholic beverage. In Korea, a preparation 
called “Kejang” a raw crustacean dishes are eaten 
with soya bean sauce [17]. A Japanese dish “Oboro-
jiru” wherein raw crab juice is eaten with bean paste 
soup and in China “drunken crab” (live crabs soaked 
in wine overnight) is considered a delicacy [34,35]. 
Women in Korea and in Cameroon in Africa uses raw 
crayfish juice for the treatment of measles as folk 
medicine and for boosting fertility respectively [17 
,36,37 ]. 
In the northeast India, some communities use raw 
crab juice per oral as folk medicine for the treatment 
of fever, allergy, asthma, malnutrition and skin 
diseases. Sometimes, raw crushed crabs is applied 
topically to treat skin wounds and certain allergic 
conditions. In this case percutaneous transmission is 
possible as the metacercariae may excyst and 
migrate through subcutaneous tissue to cause 
infection. Infection can also occur when 
metacercariae are accidentally ingested through 
contaminated utensils, hands and fingers during the 
preparation of dishes like “Waikhumahithongba” a 

local Manipuri dish similar to “Sinigang” or 
“Kinagang” in the Philippines.  
Another mode of transmission although rare is the 
consumption of raw or insufficiently cooked meat of 
paratenic hosts in which the parasite remains as 
juvenile worm. The juvenile worm if ingested by a 
definitive host can develop into adult. Pigs and white 
mice in China, wild boar in Japan and rats in the 
Philippines serve as paratenic hosts of Paragonimus 
[38,39,40]. 
Paragonimus species  
About 50 species including synonyms of the genus 
Paragonimus have been described [41] and 15 are 
known to cause infection in humans [42].  Among 
them, P. westermani is the most widely distributed in 
Asia. Recently, in Thailand, P. pseudoheterotremus, 
was described and proposed as a nominal new 
species but not specifically distinct from P. 
heterotremus [43] and this species has been 
described as causing human infection [44].  With 
this, the number of Paragonimus species in Thailand 
has gone up to eight species, namely,   P. 
heterotremus, P.  westermani, P. siamensis, P. 
bangkokensis, P. harinasutai, P. paishuihoensis, P. 
macrorchis and P. pseudoheterotremus.  
P. pseudoheterotremus, on the basis of DNA 
sequences formed a sister group with P. 
heterotremus from northeast India [45]. In Sri Lanka, 
the occurrence of four species, namely, P.  
westermani, P. siamensis, P. compactus [46] and P. 
macrorchis [47] were reported.  Iwagami et al (2007) 
based on the results of molecular phylogenetic study 
suggested that P. westermani species in SriLanka is 
an ancient divergence  remarkably different from P. 
westermani occurring in southeast Asia and East Asia 
[48]. In Vietnam, occurrence of seven Paragonimus 
species namely, P. heterotremus, P.  westermani, P. 
skrjabini, P. vietnamensis, P. proliferus, P. 
bangkokensis and P. harinasutai have been described. 
Of these, P. heterotremus has been found as the only 
human pathogen [49]. 
In India, the occurrence of seven species namely, P. 
compactus, P. westermani, P. heterotremus, P. 
huet’ungensis, P. skrjabini, P. macrorchis, and P. 
miyazakiimanipurinus  n. sub spp. have been 
described till now. Currently P. heterotremus, and P. 
westermani are confirmed as human pathogens [50]. 
In Americas, two distinct species: P. kellicotti and P. 
mexicanus have been described exclusively in North 
America and in Central and South America, 
respectively. The role of P. caliensis in human 
paragonimiasis is still unknown [8]. 
Life cycle 
The parasites utilize a wide variety of fresh water 
snails and crustaceans (crabs, crayfish and shrimps) 
as first and second intermediate hosts, respectively 
and complete the life cycle in permissive wild 
mammals of the Canidae and Felidae family and 
humans as definitive hosts (Figure 3).  
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Figure 1. Geographical distribution of paragonimiasis in the world. 
[ Yellow color indicates countries where paragonimiasis is endemic] 
 

  
Figure 2a:                                                      Figure 2b:   

Fig- 2 Crab recipes 
Figure 2a:  Hand pounding of raw fresh water crabs for preparation of' “Waikhu Singju” common in northeast India. 
Figure 2b:  Fried fresh water crabs, Moreh market, India bordering Myanmar. 

 

 

Figure 3:  Life Cycle of Paragonimiasis Species 

The life cycle begins with the eggs discharged by the 
adult worms in the lungs of definitive hosts via feces 
or sputum to the external environment. The eggs 
enter fresh water usually mountain streams or 
brackish water.  The eggs require 2 to 3 weeks’ time 
in water to complete embryonation and hatch 
ciliated miracidia [51]. The ciliated miracidium 
swims about in water to infect a permissive first 
intermediate snail hosts where it develops into a 
mother sporocyst and then asexual reproduction 
ensues through first and second generation rediae to 
cercariae. The time taken for the development of 
miracidium to cercariae within the snail host is 9 to 
13 weeks [52,53]. The cercariae within 24 hours of 
release from the snail host must infect a permissive 
crustacean host [54]. The crustaceans are infected 

either by free cercariae directly penetrating its 
tissues or by ingestion of the infected snail host [55]. 
In the crustacean the cercariae develop into 
metacercariae within several weeks [50]. Generally, 
the metacercariae localize in the hepatopancreas, 
gills, intestine, skeleton muscles and sometimes, in 
the heart and pericardium of the crustacean, 
however, certain species may have predilection for 
certain tissue or organ for example, the 
metacercariae of P. kellicotti for the heart and 
pericardium and P. caliensis for hepatopancreas [56]. 
In India, P. skrjabini localize also in the pericardium 
and hepatopancreas. A single crab may be infected 
with metacercariae of more than one 
Paragonimusspecies simultaneously. It is presumed 
that once infected crustacean may remain infective 
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throughout life or until eaten by a permissive natural 
definitive host or human essential for the completion 
of life cycle. Following ingestion the metacercariaeex 
cyst larvae in the small intestine of the definitive 
host. The factors which cause metacercarial 
excystation in the intestine are not completely 
studied, but external cues present within the 
mammalian gastrointestinal tract have been 
described to signal excystation [57] and so also the 
role of bile salts and cysteine proteinases in 
excystation of metacercariae of P. ohirai [58]. 
Nevertheless, external environment factors outside 
crustacean hosts, temperature, oxygen tension, pH, 
etc. may significantly influence the excystment of 
metacercariae as they can excyst in the saline stored 
at room temperature or even during microscopy 
examination. The excysted juvenile worm penetrates 
intestinal wall and enters abdominal cavity in 3 to 6 
hours [59]. Depending on the infecting species and 
host, the route of migration may vary, some species 
like P. heterotremus migrate from the peritoneal 
cavity to enter thoracic cavity via penetration of 
diaphragm. Some other species may have a 
“wandering phase”, hence there can be a variety of 
ectopic infections (e.g. the liver, abdominal wall, 
omentum, and brain). However, most larvae return 
to the abdominal cavity after 5-7 days, thereafter, 
migrate through the diaphragm into the pleural 
cavity [60]. We also have observed several large 
cysts containing mature adult worms in the 
peritoneum and omentum of experimental albino 
rats infected with P. skrjabinimetacercariae.  In the 
pleural cavity, the juvenile worms wander for few 
days to find their suitable partners and on meeting 
enter into the lung parenchyma to form worm cyst 
where they mature into adults and start laying eggs, 
5-6 weeks after the infection. However, some may 
remain in pleural cavity adhered to parietal or 
visceral pleura with or without cyst formation. The 
adult worms discharge eggs to the environment 
through sputum and or feces for further continuation 
of the life cycle.  
Clinical manifestations: Clinically, paragonimiasis 
can be categorized into three main forms: 
pulmonary, pleuropulmonary and extra pulmonary.  
Pulmonary paragonimiasis is the commonest form 
occurring in 76-90% of cases [4,27]. A higher rate of 
infection (94%) was reported in Korea by Jeon et al 
[61]. Major presenting symptoms comprised pain, 
difficult breathing, and coughing up rusty brown or 
blood-stained sputum or recurrent hemoptysis. 
Generally, pulmonary infection has high morbidity 
and low mortality unless complicated with infection 
in vital organs such as heart, and brain. Most 
importantly, the condition is very often 
misdiagnosed and treated as pulmonary tuberculosis 
and lung cancer.  
Pleuropulmonary paragonimiasis occurs in 
approximately 6% of cases in which both lung 
parenchymal and pleural lesions are produced by the 
migratory worms. The clinical symptoms comprised 

pleuritic chest pain, fever, difficult breathing, and 
coughing up blood stained sputum or recurrent 
hemoptysis. A migratory paragonimiasis between 
the lungs and pleura accompanied by a benign 
arachnoid cyst was reported in a Chinese boy [62]. 
Extra pulmonary paragonimiasis occurs due to 
aberrant migrations of juvenile worms. 
Extrapulmonary infection commonly occur in 
pleurae, brain, skin, intra-abdominal organs, and 
genitalia, although any organ and tissue may be 
involved. Pleural effusion is fairly common and very 
often confused with tubercular or malignant causes. 
The effusion may be bilateral or unilateral, minimal 
to moderate, sometimes massive and persistent and 
rarely encysted [63]. The massive effusion without 
parenchymal lesion is rare [64].  Cerebral 
paragonimiasis is the most common extra pulmonary 
infection. This may be associated with serious 
complications and patient may die due to 
hemorrhage. The condition is usually associated with 
pulmonary or pleuropulmonary paragonimiasis. 
Cerebral paragonimiasis can be mistaken for 
tuberculoma or tubercular meningitis, tumor or 
other fungal or parasitic infections.   
Cutaneous paragonimiasis is second most common 
after cerebral occurring in 16% of children [27]. This 
is usually presented as a painless slowly migrating 
subcutaneous nodule but in a few tender and non 
migratory. The diagnosis is often difficult or delayed 
until investigated appropriately [65]. Patient may 
also have subcutaneous swelling that might be 
diagnosed prior to the expression of a pleural 
effusion [66]. 
Paragonimiasis involving heart is very rare but a 
serious condition. Singh TS et al [27] have described 
a case of pleuropulmonary paragonimiasis involving 
heart in a child who developed congestive heart 
failure and died despite praziquantel therapy. There 
is limited documentation of colonoscopy findings of 
intestinal paragonimiasis [67]. Findings in cases of 
abdominal involvement may also include palpable 
masses [68]. The worms can also reach other tissues 
such as striated muscles which may lead to rupture 
of the cyst and inflammatory reaction presenting like 
allergic reaction [69]. In ocular infection clinical 
signs including impaired visual acuity because of 
optic atrophy, papilledema, and hemianopsia have 
been described [68]. Scrotal paragonimiasis may 
mimic epididymitis or an incarcerated hernia [68]. 
Extra-pulmonary manifestation of arthritic in nature 
is rare, clinical presentation may be extensive 
recurrent pruritic urticarial subcutaneous 
induration, permanent asymmetrical pauciarthritis 
associated with joint swelling [70].  
Lymphadenopathy is apparently an uncommon 
finding in patients with paragonimiasis. 
 
Laboratory diagnosis 
Microscopy demonstration of Paragonimuseggs in 
the clinical samples is the gold standard of 
laboratory diagnosis of paragonimiasis.  However, 
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the test is less sensitive compared to immunological 
and molecular techniques. The eggs can be detected 
in the sputum, fecal specimens, pleural fluid, CSF and 
biopsy tissue or cyst or at necropsy. Juvenile worm 
or adult may be found in the biopsy material and 
rarely, adult worm may be expectorated in the 
sputum [71]. Over the years, highly sensitive and 
specific serological tests have been developed but 
the availability is limited within the country where 
they are manufactured. Radiological and other 
imaging techniques are extremely useful tools but 
adjunctive for the diagnosis of paragonimiasis. CBC 
as a routine test provides valuable information such 
as eosinophilia, leukocytosis and raised ESR although 
nonspecific are usually associated with acute and 
subacute paragonimiasis.  
Sputum microscopy: Early morning sputum 
samples are ideal for microscopy detection of 
parasite eggs as the expectoration of the overnight 
secretion that have accumulated in the respiratory 
tract is expected to contain more eggs than any other 
samples collected during day time. The rusty brown 
or bloody or blood-stained sputum usually contains 
numerous Paragonimus eggs and Charcot-Leyden 
crystals. The Paragonimuseggs are characteristically 
oval shaped golden brown, and operculated 
measuring 80 to 90µm x 50 to 55 µm in size.  The 
sensitivity of microscopy is generally low as single 
sputum specimen has a sensitivity between 30 and 
46% [4,34,61,72]. Singh et al found Paragonimusova 
in the sputum specimens of 55.6 to 72% of 
pulmonary paragonimiasis cases [4]. A positivity rate 
varying from 6.5 to 34.6% in endemic areas and 0% 
in non-endemic areas was reported by Yokogawa et 
al [73] Singh TN, et al found ova positive sputum in 
20.9% and 4.1% of pleuropulmonary paragonimiasis 
in children and adults, respectively [74]. The finding, 
however, is unusual because sensitivity of sputum 
examination is expected to be higher in adults than 
in children who generally swallow sputum. It is 
recommended that at least three consecutive 
morning samples should be examined before 
declaring a negative test. It is a good laboratory 
practice to examine the sample first by direct wet 
mount and if negative by sodium hydroxide 
concentration. Charcot Leyden crystals (CLC) and 
eosinophils are usually present in the sputum even 
in Paragonimus eggs negative sample [4,75]. 
Therefore, positive CLC is strongly suggestive of 
pulmonary parasitic infection requiring extensive 
search for Paragonimus eggs in multiple sputum 
samples and serological tests for paragonimiasis.  
Pleural fluid: Paragonimus ova can be detected in 
the centrifuged deposit of pleural fluid in about 10% 
of pleural effusion cases [76].  Examination of repeat 
samples will increase the positivity rate. In the 
absence of demonstrable egg, pleural fluid analysis 
showing glucose content less than10mg/dl, lactose 
dehydrogenase greater than 1000 I.U. /liter, high-
protein value, low pH and eosinophilia is strongly 
indicative of pleuropulmonary paragonimiasis [77]. 

Stool:  Stool examination for Paragonimus egg is 
recommended in children who usually swallow 
sputum and in patients whose sputum samples are 
egg negative. Ideally, two to three stool samples 
collected at consecutive days should be examined by 
formalin-ether sedimentation or AMS III 
concentration technique; recent study demonstrated 
that the latter technique led more accurate results 
[78]. Studies have shown that the sensitivity of a 
single stool examination varied from 11 to 15% 
[72,79].  Singh et al, reported a sensitivity of 25.6% 
of which 60% were children aged ≤ 10 years on 
examination of three repeat stool samples [4]. 
Biopsy: Excision biopsy serves both diagnostic and 
therapeutic purposes. Adult or immature worm may 
be found in a carefully dissected nodular or cystic 
lesion unless the worm has migrated. Microscopy 
examination of the exudates will show inflammatory 
cells, eosinophils, Paragonimus egg and Charcot-
Leyden crystals.  Histopathological slide will reveal 
fibro collagenous tissue, inflammatory cells, 
eosinophils, ova and in some cases sections of the 
worms.  
Serologic Tests: 
Serological tests are important for the diagnosis of 
pulmonary, ectopic and early infection (prepatent 
period) paragonimiasis where eggs are not 
demonstrable by microscopy and for differential 
diagnosis. Some of these tests may be used by 
clinicians and researchers for evaluating the 
therapeutic responses to specific chemotherapy. It is 
the only test to establish diagnosis of paragonimiasis 
presented with eosinophilia due to while 
investigating eosinophilia of unknown etiology. The 
serological tests which have been developed  and  
fully evaluated for the diagnosis of paragonimiasis 
are intradermal test (ID), complement fixation test 
(CFT), immunodiffusion, indirect hemagglutination 
test (IHA), enzyme-linked immunosorbent assay 
(ELISA), dot-ELISA, dot-immunogold filtration assay 
(DIGFA) and Western blot. Newer tests that have 
been developed in the recent years but not fully 
evaluated are Immunochromatography test (ICT) 
and immunoblotting technique. 
ID: The intradermal test is a simple and highly 
sensitive test that was popularly used over the past 
several years in Japan [80,81] China [73] and in India 
[5] for diagnosis and mass screening in the field. It is 
an immediate type of hypersensitivity reaction. The 
test utilizes saline extract or purified protein of adult 
P. westermani as test antigen. After inoculation of 
the test antigen the wheal diameters are measured 
immediately and 15 minutes after the inoculation. A 
differential wheal diameter of ⋝5mm with erythema 
and pseudopodia indicates a positive test. Whereas a 
negative skin test rules out paragonimiasis, a 
positive test cannot differentiate between the past 
and the present infection as the test may remain 
positive as long as 10 to 20 years even after the 
successful chemotherapy or spontaneous recovery 
[82]. The sensitivity and specificity of the test can be 
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up to100% by using purified fractionated antigen 
[83]. 
CFT: It has been used in the diagnosis of active 
infection and to confirm ID positive cases. The test 
becomes negative within 3 to 9 months after 
successful treatment [84]. In epidemiological survey, 
it has been recommended that ID test should be 
applied first followed by CFT or any other more 
specific test on individuals who showed positive or 
doubtful dermal reactions.  
Immuno-diffusion:  This method was first 
developed by Biguet et al in 1965 [83]. Double 
immune diffusion technique (Ouchterloney method), 
immune electrophoresis and counter current 
immunoelectrophoresis are reported to be highly 
sensitive and specific and can be used for speciation 
by demonstration of specific precipitin bands 
[84,85,86]. 
IHA: This is another simple, rapid and sensitive test. 
In Thailand, the test revealed a sensitivity of 88% in 
the diagnosis of paragonimiasis heterotrema [87]. 
ELISA: Quicho et al (1981) first developed the ELISA 
test for the diagnosis of paragonimiasis in Thailand. 
88 Since then ELISA based on different techniques 
and with different antigen preparations have been 
developed and evaluated for diagnosis of 
paragonimiasis [89,90,91,92]. The overall specificity 
of IgG ELISA using the saline extract of adult worms 
as an antigen was found to be 97%. A 100% 
sensitivity and specificity could be obtained in an 
indirect ELISA using F1 antigen fraction to detect 
antibody against P. heterotremus infection [93]. An 
enzyme-linked immuneelectro transfer blot has been 
developed for differential diagnosis between P. 
heterotremus and P.westermani infections [94].  The 
technique involved makes use of 35-kDa antigenic 
components for the corresponding species. Other 
ELISA techniques are sandwich ELISA using 
monoclonal antibodies-based antigen detection 
assay [95] and multiple dot-ELISA [91]. Generally, 
ELISA tests are used to detect parasite specific IgG 
antibodies but the detection of specific IgE 
antibodies was proven to reduce cross reactions 
with other trematode infections and detection of 
parasite specific IgM antibodies was recommended 
in the diagnosis of infection at the early stage [96, 
97]. In India, IgG/IgM ELISA using E/S antigen for 
diagnosis of paragonimiasis has been developed and 
is found to be 100% sensitive and specific [98].  It 
has been stated that analysis of IgG subclass can 
increase the specificity and sensitivity of the 
immunological assays for the diagnosis of 
paragonimiasis [99,100]. The ELISA tests are now 
most widely used for serological diagnosis of 
paragonimiasis due to its high sensitivity and 
specificity. The tests are also applicable to mass 
screening. However, ELISA tests are more expensive, 
time-consuming and require costly equipment and 
experienced persons and all the reagents, antigens, 
in particular, are not commercially available. 

Rapid test: Recently, Dot-Immunogold Filtration 
Assay (DIGFA) kit was developed in China for anti-P. 
westermani antibody detection. The kit was based on 
the principle of a membrane-based flow-through 
immunoassay technique. This kit was prepared using 
P. westermani adult worm soluble antigen and anti 
human IgG labelled with colloidal gold as color 
developing agent. Reagents are stable at 4ºC for at 
least a year. A dot containing diluted human serum 
or similar is used as a positive control. Serum from 
patient is added to the nitrocellulose membrane then 
anti-human antibody or protein A conjugated with 
colloidal gold is added which forms a colored spot 
where it reacts with the antigen-antibody complex 
[1]. It was reported in China to have the sensitivity 
and specificity up to 99% and 92%, respectively 
[101]. The DIGFA method is said to be better than 
ELISA because it is simple and rapid, it does not 
require any special devices and/or experienced 
technicians and the results will be obtained within 
10 minutes and exhibit comparable sensitivity and 
specificity [102]. 
Haematological investigation: Leucocytosis with 
relative lymphocytosis, eosinophilia and increased 
ESR were common findings in patients with 
paragonimiasis. Leucocytosis (WBC: 10,200 to 
16,350 per mm3) and eosinophilia (eosiniphils: 650 
to 4000 permm3) were found in 62% (24/39) of 
patients with pulmonary paragonimiasis [4]. 
Eosinophilia and increased ESR up to 104 mm at the 
end of 1st hour (Westergren) were consistently 
found in children with paragonimiasis in Manipur 
[27]. Eosinophilia has been found more pronounced 
in acute and subacute paragonimiasis, especially in 
pleural effusion, cerebral and cutaneous 
paragonimiasis in children.  
X-rays and other imaging technique: The common 
radiographic findings are patchy air-space 
consolidation or opacity with associated pleural 
reaction or thickening, cystic or cavitary lesions, 
pleural effusion and nodular opacities which are 
indistinguishable from tubercular lesions. 
Computerized axial scan (CAT) and Magnetic 
resonance imaging (MRI) are very useful for the 
detection of lesion in the brain and to a great extent 
specific diagnosis of cerebral paragonimiasis. The 
most common and characteristic CT or MRI imaging 
findings are conglomerate, multiple ring-shaped, 
enhancing lesions with surrounding edema of 
variable degree. The lesions consist of aggregates of 
ring like enhancing lesions, resembling ‘grape 
clusters’ representing multiple contiguous abscesses 
like granulomas [103,104]. Each ring is usually 
smooth and round or oval ranging from few 
millimeters to more than 3 cm in diameter. The 
center of the ring shows a density/intensity similar 
to or slightly higher than that of cerebrospinal fluid 
on both CT and MRI images of all pulse sequences. 
The wall of each ring is usually isointense relative to 
brain parenchyma on T1-weighted MR images and 
isointense or hypointense on T2 weighted MR 
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images [104]. It was also noted to mimic 
granulomatous lesion (tuberculoma) in the some 
cases [105]. 
Molecular diagnosis: Application of molecular 
diagnosis is very limited in clinical practice though it 
is important for the researchers. DNA Probes are 
highly sensitive and specific, 1500 bp long, was 
characterized for P. heterotremus. The labeled probe 
could detect DNA from as few as five eggs with 100% 
specificity but with low sensitivity [106]. In PCR 
technique, eggs, either in sputum or in feces are the 
target for DNA extraction and analysis.  The nuclear 
ribosomal region ITS2 is possible to amplify. A loop 
mediated isothermal amplification (LAMP) protocol 
has been established for P. westermani. LAMP is said 
to be far more sensitive than conventional PCR and 
can possibly be applied for pleural fluid. 102 The 
approach uses four species- specific primers that 
recognize six regions in the target DNA. The reaction 
can be completed in an hour at a single temperature 
(60ºC) and a simple in tube visualization of 
successful amplification is possible. No complicated 
equipment is needed. It could be applied to field 
identification of metacercariae and eggs, provided a 
species-specific set of primers are available 
[102,107]. 
Prevention and control: 
The control of paragonimiasis in animals is not 
feasible, as the genus of this parasite has widespread 
distribution in a variety of carnivorous and 
omnivorous animal hosts. The control of the snail 
and other crustacean intermediate hosts is also not 
practicable as it may have unwanted consequences 
in the ecosystem. However, control of human 
paragonimiasis is possible to a greater extent 
through Behavioural Change Communication (BCC) 
activities which might help people engaged in high 
risk behaviours to changes their customs and food 
preparation practices. The success to date in 
substantially reducing infections in countries that 
traditionally have high incidences of infection has 
been directly related to educational efforts. To 
educate the population at risk in endemic areas on 
the mode of transmission and life cycle of the 
parasite is of paramount importance. The future 
efforts of prevention and control of paragonimiasis 
will have to employ previously used highly effective 
educational methods including food hygiene. Proper 
food preparation strategies should include frequent 
hand washing when cleaning crustaceans, avoiding 
contamination of utensils 17 and serving platters 
with live metacercariae from the infected 
crustaceans, and boiling or cooking crustaceans to 
reach an internal temperature of 145°F (63°C) 
before eating [108]. Advisory for the travelers to 
endemic areas should include not to eat raw or 
undercooked fresh water crabs and crayfish.  
Although vaccination is conceivably possible, it will 
not likely occur in the near future, given the more 
pressing need for vaccinations for more prevalent, 
medically severe, and economically impactful 

infections [57]. A key but neglected component of 
prevention and control is research, more specifically 
the research of everyday human behaviors including 
their dietary habits. 
 

Conclusion: 
Paragonimiasis continued to be a public health 
problem with the discovery of new endemic foci in 
North America, and the Asian countries in the recent 
years. Pulmonary paragonimiasis has often been 
misdiagnosed and treated as smear negative or MDR 
pulmonary tuberculosis due to similar clinical and 
radiological features of the two diseases. A detailed 
history taking including the dietary habit of 
consumption of raw or undercooked crustaceans and 
thorough physical examination are important to 
appropriate laboratory investigations for a definitive 
diagnosis.  Paragonimiasis can be confirmed by 
microscopy demonstration of Paragonimus eggs in 
the sputum smears or specific serological tests. It is 
recommended that while sputum smears should be 
screened for both Acid Fast Bacilli (AFB) and the 
Paragonimus eggs in order to avoid over diagnosis of 
smear negative pulmonary TB. Control strategies 
includes Information, Education and Communication 
(IEC) and Behavioral Change Communication (BCC) 
activities regarding safe food practices, improved 
sanitation, and awareness program about 
paragonimiasis especially among the high risk 
population.  

References: 
1. Blair D. Paragonimiasis. AdvExp Med Biol 2014; 

766:115-152. 
2. Fürst T, Keiser J, Utzinger J. Global burden of 

human food-borne trematodiasis: a systematic 
review and meta-analyis. Lancet Infect Dis. 2012; 
12:210-221. 

3. Savioli L, Daumerie D. Working to overcome the 
global impact of neglected tropical diseases: first 
WHO report on neglected tropical diseases. WHO; 
Genève: 2010.172. 

4. Singh TS, Mutum SS, Razaque MA. Pulmonary 
paragonimiasis: Clinical features, diagnosis and 
treatment of 39 cases in Manipur. Trans Roy Soc 
Trop Med Hyg. 1986; 80: 967-971. 

5. Singh TS, Mutum S, Razaque MA, Singh YI, Singh 
EY. Paragonimiasis in Manipur. Indian J Med Res 
(A). 1993; 97: 247-252. 

6. Narain K, Devi Rekha K, Mahanta J. Paragonimus 
and paragonimiasis-A new focus in Arunachal 
Pradesh, India. Current Sci. 2003; l84 (8): 985-987. 

7. Singh TS, Sugiyama H, Umehara A, Hiese S, Khalo 
K. Paragonimusheterotremus infection in 
Nagaland: A new focus of paragonimiasis in India. 
Indian J Med Microbiol. 2009; 27(2): 123-127. 

8. Procop GW. North American Paragonimiasis. 
(Caused by Paragonimuskellicotti) in the Context 
of Global Paragonimiasis. ClinMicrobiol Rev. 2009; 
22(3): 415–446. 

9. World Health Organization. Control of food borne 
trematode infections. Report of W.H.O. Study 
Group. WHO Tech Re Ser 1995; 849: 1-157. 

10. Utzinger J, Becker SL,Knopp S et al. Neglected 
tropical diseases: diagnosis, clinical management, 



Logic Publications @ 2017, IJCMAAS, E-ISSN: 2321-9335,P-ISSN:2321-9327. 

 

International Journal of Current Medical And Applied Sciences [IJCMAAS], Volume: 16, Issue: 1.       Page | 25  
 

treatment and control. Swiss Med Wkly. 2012; 
142:w13727. 

11. WHO Working to overcome the global impact of 
neglected tropical diseases: first WHO report on 
neglected tropical diseases. Geneva: World Health 
Organization; 2010. 

12. Calvopina M, Romero D, Castaneda B, HashiguchiY, 
Sugiyama H. Current status of Paragonimus and 
paragonimiasis in Ecuador. Mem Inst Oswaldo 
Cruz. 2014; 109 (7):849-855. 

13. Berger S, Paragonimiasis Global Status. Gideon 
informatics, Inc, Los Angeles, California, USA: 11; 
2016. 

14. Berger S, Infectious diseases of China,. Gideon 
informatics. Inc, Los Angeles, California, USA: 548, 
2015 edition. 

15. Berger S, Infectious diseases of Japan ,.Gideon 
informatics, Inc, Los Angeles, California, USA: 406, 
2015 edition. 

16. Uchiyama F, Morimoto Y, Nawa Y. Re-emergence of 
paragonimiasis in Kyushu, Japan. Southeast Asian J 
Trop Med Public Health.1999; 30:686-691. 

17. Kagawa FT. Pulmonary paragonimiasis. 
SeminRespir Infect. 1997; 12:149-158. 

18. Cabrera BD. Paragonimisis in the Philippines: 
current status. Arzneimittelforschung 1984; 
34:1188-1192. 

19. Liu JC. The prevalence of Paragonimuswestermani 
in Taipei Country. Zhonghua Min Guo Wei Sheng 
Wu Ji Mian Yi XueZaZhi. 1986; 19:302-306. 

20. Lee SC, Jwo SC, Hwang KP, Lee N, Shieh WB. 
Discovery of encysted westermani eggs in the 
omentum of an asymptomatic elderly women. Am J 
Trop Med Hyg. 1997; 57:615-618. 

21. V Wiwanitkit. A Summary on Respiratory 
Symptoms in Thai Cases with Pulmonary 
Paragonimiasis. The Internet J Infect Dis. 2004;4:1 

22. Khoo, O.T. Pulmonary Paragonimiasis. A clinical 
study of nine cases seen in Singapore. Proc. Alum. 
Assoc. Malaya. 1957; 10:189-210. 

23. Nguyen Van De. Epidemiology, pathology and 
treatment of paragonimiasis in Vietnam. Southeast 
Asian J Trop Med Public Health. 2004; 35: 331-336. 

24. Doanh PN, Dung DT, Thach DT, Horii Y, Shinohara 
A, Nawa Y. Human paragonimiasis in Viet Nam: 
Epidemiological survey and identification of the 
responsible species by DNA sequencing of eggs in 
patients' sputum. Parasitol Int. 2011; 60:534–537. 

25. Vidamaly S, et al. Paragonimiasis: a common cause 
of persistent pleural effusion in Lao PDR. Trans R 
Soc Trop Med Hyg. 2009; 103(10):1019-1023. 

26. Singh YI, Singh NB, Devi SS, Singh YM, Razaque M. 
Pulmonary paragonimiasis in Manipur. Indian J 
Chest Dis Allied Sci. 1982; 24:304-306. 

27. Singh TS, Singh PI, Singh LBM. Paragonimiasis: 
Review of 45 cases. Indian J Med Microbiol. 1992; 
10: 243-247. 

28. Patil SD, Jindani IB, Bansal MP, Gaiwad KD. 
Paragonimiasis of the lung. Ann Trop Med 
Parasitol. 1984; 78:445–448. 

29. Mohamed TJ, Ramly NH, Manaf ZA, Nik Yahiya NH, 
MohdRazali KA. Pulmonary paragonimiasis: case 
series of Myanmar refugee children in Malaysia. 
Poster presented at: 30th Annual Meeting of the 
European Society for Pediatric Infectious Diseases; 
May 8-12; 2012; Thessaloniki, Greece. 

30. Solomon GM, Schmidt E, Reves R, Welsh C. Cough 
and Pleural Disease in a Burmese Immigrant – A 

Masquerader. Southwest J PulmCrit Care. 2012; 
4:205-210. 

31. Devi KR, Narain K, Bhattacharya S. Negmu K, 
Agatsuma T, Blair D, et al Pleuropulmonary 
paragonimiasis due to Paragonimusheterotremus: 
molecular diagnosis, prevalence of infection and 
clinicoradiological features in an endemic area of 
northeastern India.  Trans Roy Soc Trop Med Hyg. 
2007; 101(8): 786-792. 

32. Vien CV. Some results of research on epidology, 
parasite, pathogen and prevention of 
paragonimiasis in Sin Ho, Lai Chau. Proc 
ConfSciTechnolEnv V in North mountainous 
provinces. 1997; 5:81–84. (in Vietnamese). 

33. De NV, Murrell KD, Cong le D, Cam PD, Chau le V, 
Toan ND, Dalsgaard A. The food-borne trematodes 
zoonoses of Vietnam. Southeast. Asian J Trop Med 
Public Health. 2003; 34(Suppl 1):12–34. 

34. Shim YS, Cho SY, Han YC. Pulmonary 
paragonimiasis: A Korean perspective. 
SeminRespir Med. 1991; 12:35-45. 

35. Yokogawa, M. Paragonimus and 
paragonimiasis, vol. 1. Sankyo BijutsuInsatsu, 
Tokyo, Japan,1964. 

36. Yun, D. J.. Paragonimiasis in children in Korea. J. 
Pediatr. 1960; 56:736-751. 

37. Malek, E. A. Paragonimiasis,  vol. II. CRC Press, 
Boca Raton, FL, 1980. 

38. Chung HL, HolynHHCP, Ts’ao WJ. Recent progress 
in Paragonimusand paragonimiasis control in 
China. Chinese Med J. 1981; 94:483-494. 

39. Miyazaki I, Hirose H. Immature lung flukes first 
found in the muscles of wild boar in Japan. J 
Parasitol. 1976; 62: 836-837. 

40. Cabrera BD. Studies on Paragonimus and 
paragonimiasis in the Philippines in wild rats 
Rattusnorvigius in Jaro, Leyte, Philippines. In J 
Zoonoses. 1977; 4:49-55. 

41. Miyazaki I. Lung flukes in the world: Morphology 
and life history. In: Symposium on Epidemiology of 
Parasitic diseases. International Medical 
Foundation of Japan; 1974; 101-134. 

42. Blair DZu ZB, Agatsuma T. Paragonimiasis and the 
genus Paragonimus. AdvParasitol 1999; 2: 113-
222. 

43. Waikagul J. A new species of 
Paragonimus(Trematoda: Troglotrematidae) from 
a cat infected with metacercariae from mountain 
crabs Larnaudialarnaudii. J Parasitol. 2007; 
93:1496-1500. 

44. Intapan PM, Sanpool O, Thanchomnang T, Imtawil 
K, Pongchaiyakul C, Nawa Y, Maleewong W. 
Molecular identification of a case of 
Paragonimuspseudoheterotremus infection in 
Thailand. Am J Trop Med Hyg. 2012; 87: 706-709. 

45. Sanpool O, Intapan PM,  Thanchomnang T, Janwan 
P, Nawa Y, Blair D, Maleewong W. Molecular 
variation in the Paragonimusheterotremus 
complex in Thailand and Myanmar. Korean J 
Parasitol. 2013; 51(6):677-681. 

46. Dissanike AS, Paramananthan DC. Paragonimus 
infection in wild carnivores in Ceylon. Ceylon J Med 
Sci Sect D. 1962; 11:29-45. 

47. Kannangara DWW. Occurrence of the lung fluke P. 
macrorchis Chen, 1962 in Ceylon. Ceylon J Med Sci. 
1969; 18:33-38. 

48. Iwagami M, Rajapakse RPVJ, Paranagama W,  
Okada T, Kano S, Agatsuma T. Ancient divergence 



T. Shantikumar Singh, Forhad Akhtar Zaman & Hiromu Sugiyama 
 

Logic Publications @ 2017, IJCMAAS, E-ISSN: 2321-9335,P-ISSN:2321-9327.                                 Page | 26  
 

of Paragonimuswestermani  in Sri Lanka. Parasitol 
Res. 2008; 102: 845-852. 

49. Pham Ngoc Doanh, Yoichiro Horii, Yukifumi Nawa. 
Paragonimus and Paragonimiasis in Vietnam: an 
Update. Korean J Parasitol. 2013; 51(6): 621–627. 

50. Singh T.S, Sugiyama H, Rangsiruji A. 
Paragonimus& paragonimiasis in India. Indian J 
Med Res. 2012; 136(2): 192–204. 

51. Liu Q, Wei F, Liu W, Yang S, Zhang X. 
Pragonimiasis: An important food-borne zoonosis 
in China. Trends in Parasitol. 2008; 24(7):318-23. 

52. Shimazu T. Experimental completion of the life 
cycle of the lung fluke, Paragonimuswestermani in 
the laboratory. Jpn J Parasitol. 1981; 30:173-177 

53. Gyoten J. Experimental infection of the fresh water 
crab, Geothelphusadehaani, with the cercariae of 
Paragonimusmiyazakii. Jpn J Parasitol. 1986; 35: 
183-189. 

54. Im JG, Kong Y, Shin YM, Yang SO, Song JG, Han MC 
et al. Pulmonary patragonimiasis: Clinical and 
experimental studies. Radiographics. 1993; 
13:575- 586. 

55. Shibahara T. The route of infection of 
Paragonimuswestermani (diploid type) cercariae 
in the fresh water crab, Geothelphusadehaani. J 
Helminthol. 1991; 65:38-42. 

56. Sogandares-Bernal F, See JR. American 
paragonimiasi. Curr Top Comp Pathobiol. 1973; 
2:1-56. 

57. Blair D, Agatsuma T, Wang W. Paragonimiasis. In: 
KD Murrell and B Fried, editors. Food borne 
parasitic zoonosis, Fish and plant –borne parasites. 
Springer, New York : 2008: 117-50. 

58. Ikeda T. Involvement of cysteineproteinases in 
excystment of Paragonimusohiraimetacercariae 
induced sodium cholate and A2317. J Helminthol. 
2003; 77:21-26. 

59. Valez I, Velasquez LE, Velez ID. Morphological 
description and life cycle of Paragonimus spp. 
(Trematoda: Troglotrematidae): causal agent of 
human paragonimiasis in Colombia. J Parasitol. 
2003; 89: 749-755. 

60. Im JG, Chang KH: Paragonimiasis. In: Philip ES 
Palmer, Maurice M Reeder, editors. The Imaging of 
Tropical Diseases. Williams and Wilkins, 
Baltimore/London: 1981:205-241. 

61. Jeon K, Koh WJ, Kim H, Kwon OJ, Kim TS Lee KS, 
Han J. Clinical features of recently diagnosed 
pulmonary paragonimiasis in Korea. Chest. 2005; 
128:1423-1430. 

62. Hu Y, Qian J, Yang D, Zheng X. Pleuropulmonary 
paragonimiasis with migrated lesions cured by 
multiple therapies. Indian J PatholMicrobiol. 2016; 
59:56-58. 

63. Mukae H, Taniguchi H, Matsumoto N, Liboshi H, 
Ashitani J, Matsukura S, et al. Clinicoradiologic 
features of pleuropulmonary Paragonimus -
westermani on Kyushu Island, Japan. Chest. 2001; 
120: 514-520. 

64. Singh TS, Sugiyama H, Lepcha C, Khanna SK. 
Massive pleural effusion due to paragonimiasis: 
Biochemical, cytological, and parasitological 
findings. Indian J Path Microbiol. 2014; 57 (3): 
492-494. 

65. Singh TS, Devi KhR, Singh SR, Sugiyama H. A case 
of cutaneous paragonimiasis presented with 
minimal pleuritis. Trop Parasitol. 2012; 2(2):142-
144. 

66. Dainichi T, Nakahara T, Moroi Y, Urabe K, Koga T, 
Tanaka M, Nawa Y, Furue M. A case of cutaneous 
paragonimiasis with pleural effusion. Int J 
Dermatol. 2003; 42(9):699-702. 

67. Park CW, Chung WJ, Kwon YL, Kim YJ, Kim ES, Jang 
BK et al. Consecutive extrapulmonary 
paragonimiasis involving liver and colon. J Dig Dis. 
2012; 13(3):186-189. 

68. Seth D Rosenbaum, Russell W Steele, 
Paragonimiasis Clinical Presentation. 
www.emedicine.medscape.com/article/999188. 
Last accessed on 19/07/2016. 

69. Shujaa AS. An acute presentation of 
paragonimiasis within masseteric muscle in 
emergency department. Int J Case Rep Images. 
2016; 7(2):115–117. 

70. D. Malvy, K.h. Ezzedine, M.C. Receveur, T. Pistone, 
P. Mercié, M. Longy-Boursier.Extra-pulmonary 
paragonimiasis with unusual arthritis and 
cutaneous features among a tourist returning from 
Gabon. Travel Med and Infect Dis. 2006; 4(6):340-
342. 

71. Vanijanota S, Radomyos P, Bunnag D, Harinasuta 
T. Pulmonary paragonimiasis with expectoration 
of worms: A case report. Southeast Asian J Trop 
Med Public Health. 1981; 12:104-106. 

72. Kim JS.A comparison of sensitivity on stool and 
sputum examination for diagnosis of 
paragonimiasis. Korean J Parasitol. 1984; 8:22-24. 

73. Yokogawa M, Tsuji M. In: Immunological diagnosis 
as screening method for paragonimiasis in 
endemic areas of paragonimiasis. Proceedings of 
the first regional symposium on scientific 
knowledge of tropical parasites, University of 
Singapore, 5-9 November 1962:194-206. 

74. Singh TN, Kananbala S, Devi KS. Pleuropulmonary 
paragonimiasis mimicking pulmonary 
tuberculosis-a report of three cases. Indian J Med 
Microbiol. 2005; 23:131–134.  

75. Procop GW, Marty AM, Scheck DN, Mease DR, Maw 
GM. North American paragonimiasis. A case 
report. ActaCytol.2000; 44: 119-121. 

76. Singh SI, Singh LP, Sahu RP, Singh TS, Singh TD. 
Paragonimusova in pleural fluid (a rare finding) J 
Med Soc. 1994; 17:54–56. 

77. Romeo DP, Pollock JJ. Pulmonary paragonimiasis: 
Diagnostic value of pleural fluid analysis. South 
Med J. 1986; 79:241–243. 

78. Irie T, Yamaguchi Y, Sumen A, Habe S, Horii Y, 
Nonaka N. Evaluation of the MGL method to detect 
Paragonimus eggs and its improvement. Parasitol 
Res. 2015; 114: 4051–4058. 

79. Shin DH, Joo CY. Prevalence of 
Paragonimuswestermani in some Ulchin school 
children. ActaPaediatriJpn. 1990; 32: 269-74. 

80. Yokogawa M. Paragonimusand paragonimiasis. 
AdvParasitol. 1965; 3:99–158. 

81. Sawada I, Takei K, Kato S, Hatsuyama S. Studies on 
the immunodiagnosis of paragonimiasis II. 
Intradermal test with fractionated antigen. J Infect 
Dis.1968; 118:235–239.  

82. Yokogawa M. Epidemiology and control of 
paragonimiasis. In: Sasam M, editor. Parasitic 
diseases.Tokyo: International Medical Foundation 
of Japan. 1974; 137–149. 

83. Biguet J, Rose F, Capron A, Tranvaky P. 
Contribution of immunoelectrophoretic analysis to 
the knowledge of worm antigens: Practical effects 

http://www.emedicine.medscape.com/article/999188


Logic Publications @ 2017, IJCMAAS, E-ISSN: 2321-9335,P-ISSN:2321-9327. 

 

International Journal of Current Medical And Applied Sciences [IJCMAAS], Volume: 16, Issue: 1.       Page | 27  
 

on their standardization, their purification & 
diagnosis of helminthiasis by 
immunoelectrophoresis. Rev 
ImmunolTherAntimicrob. 1965; 29:5–30.   

84. Katamine D, Imai J, Iwamoto I. Immunological 
study on paragonimiasis.Agar-gel precipitation 
reactions in paragonimiasis. Jpn J Trop Med Hyg. 
1968; 10:28–38. 

85. Tsuji M, Capron A, Yokogawa M. Second 
international congress of parasitology. 
Washington D.C.: Colloquium on Immunodiagnosis. 
Immunodiffusion test in the diagnosis of 
paragonimiasis. 1970; 6–12. 

86. Tsuji M. On the immunoelectrophoresis for 
helminthological researches. Jpn J Parasitol. 1974; 
23:335–345. 

87. Pariyanonda S, Maleewong W, Pipitgool V, 
Wongkham C, Morakote M, Intapan P, et al. 
Serodiagnosis of human paragonimiasis caused by 
Paragonimusheterotremus. Southeast Asian J Trop 
Med Public Health.1990; 21:103–107.  

88. Quicho LP, Thamaparlerd N, Tharabanij S, 
Vajrasthira S. Human immune response of cats to 
Paragonimusinfection. Southeast Asian J Trop Med 
Public Health.1981; 12:364–367. 

89. Imai J. Evaluation of ELISA for the diagnosis of 
paragonimiasis westermani. Trans R Soc Trop Med 
Hyg. 1987; 81:3–6. 

90. Waikagul J. Serodiagnosis of paragonimiasis by 
enzyme-linked immunosorbent assay and 
immunoelectrophoresis. Southeast Asian J Trop 
Med Public Health. 1989; 20:243–251. 

91. Ito M, Sato S. Multidot enzyme-linked 
immunosorbent assay for serodiagnosis of 
trematodiasis. Southeast Asian J Trop Med Public 
Health. 1990; 21:471–474.  

92. Ikeda T, Oikawa Y, Nishiyama T. Enzyme-linked 
immunosorbent assay using cysteine proteinase 
antigens for immunodiagnosis of human 
paragonimiasis. AmJ Trop Med Hyg. 1996; 55:434–
437.  

93. Indrawati I, Chaicumpa W, Setasuban P, 
Ruangkunaporn Y. Studies on immunodiagnosis of 
human paragonimiasis and specific antigen of 
Paragonimusheterotremus. Int J Parasitol. 1991; 
21:395–401. 

94. Dekumyoy P, Waikagul J, Eom KS. Human lung 
fluke Paragonimusheterotremus: Differential 
diagnosis between Paragonimusheterotremus and 
Paragonimuswestermani infections by EITB. Trop 
Med Int Health. 1998; 3:52–56. 

95. Zhang ZH, Zhang YJ, Shi ZM, Sheng KF, Liu LT, Hu 
ZG, et al. Diagnosis of active 
Paragonimuswestermani infections with 
monoclonal antibody-based antigen detection 
assay. Am J Trop Med Hyg.1993; 49:329–334. 

96. Ikeda T, Oikawa Y, Owhashi M, Nawa Y. Parasite 
specific IgE and IgG levels in the serum and pleural 

effusion of paragonimiasis westermani patients. 
Am J Trop Med Hyg. 1992; 47:104–107. 

97. Nakamura-Uchiyama F, Onah DN, Nawa Y. Clinical 
features of paragonimiasis cases recently found in 
Japan: parasite-specific immunoglobulin M and G 
antibody classes. Clin Infect Dis. 2001; 32:171–175. 

98. Narain K, Devi KR, Mahanta J. Development of 
enzyme – linked immunosorbent assay for 
serodiagnosis of human paragonimiasis. Indian J 
Med Res. 2005; 121:739–746. 

99. Kong Y, Ito A, Yang HJ, Chung YB, Kasuya S, 
Kobayashi M, Liu YH, Cho SY. Immunoglobulin G 
(IgG) subclass and IgE responses in human 
paragonimiases caused by three different species. 
ClinDiagn Lab Immunol. 1998; 5: 474-478. 

100. Wongkham C, Intapan PM, Maleewong W, Miwa M. 
Evaluation of human IgG subclass antibodies in the 
serodiagnosis of paragonimiasis heterotremus. 
Asian Pac J Allergy Immunol. 2005; 23: 205-211.  

101. GanXiaoxian, Shi Xiaohua, Wang Yue, Wang Peng-
peng,Shen Hui-ying, Zhu Ming-dong, et al. 
Development of rapid diagnostic kit (Dot 
Immunogold Filtration Assay) for detection of 
antibodies against Paragonimuswestermani. 
Chinese J Zoon 2005;21:988-90 

102. David Blair. Paragonimiasis: R. Toledo and B. 
Fried, editors. Digenetic trematodes, advances in 
experimental medicine and biology. New York: 
springer science and business media; 2014:115-
152. 

103. Cha SH, Chang KH, Cho SY, et al. Cerebral 
paragonimiasis in early stage: CT and MR features. 
AJR Am J Roentgenol. 1994; 162: 141-145. 

104. Reeder M, Palmer ES. Radiology of Tropical 
Diseases. 2nd ed. Baltimore: Williams & Wilkins 
Company,1981. 

105. Singh TS, Khamo V, Sugiyama H, Cerebral 
paragonimiasis mimicking tuberculoma: First case 
report in India. Trop Parasitol. 2011; 1(1): 39-41. 

106. Maleewong, W, Intapan PM, Wongkham C, 
Wongratanacheewin S, TapchaisriP,Morakote N et 
al. Detection of Paragonimusheterotremus in 
experimentally infected cat faeces by antigen 
capture-ELISA and by DNA hybridization. J. 
Parasitol, 1997; 83:1075-1078. 

107. Chen MX, Ai L, Zhang RL, Xia et al . Sensitive and 
rapid detection of Paragonimuswestermani 
infection in humans and animals by loop-mediated 
isothermal amplification (LAMP). Parasitol Res. 
2011; 108:1193-1198. 

108. Centers for Disease Control and Prevention. 
Paragonimiasis—resources for health 
professionals.http://www.cdc.gov/paragonimiasis
/health professionals/index.html. Centers for 
Disease Control and Prevention, Atlanta, GA, 2010.  
---------------------------------------------------------- 

       
  

  
Conflict of interest: None declared 
Source of funding: None declared 

 

 

 


