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ABSTRACT: 
 
Paragonimiasis is a neglected tropical disease (NTD) caused by the zoonotic trematode 
Paragonimus spp., which is spread by eating uncooked or improperly prepared crabs. The 
parasite is endemic to Southeast Asia and Pacific regions. This disease is characterized by 
a broad spectrum of clinical manifestations due to its intricate migration path. Clinical signs 
and radiological findings often overlap and are similar to those of pulmonary tuberculosis 
(TB) and lung cancer, so they are potentially misdiagnosed. The pathogenesis, diagnosis, 
and management of this parasite infection are discussed. This review highlights 
paragonimiasis as the potential to be used as a differential diagnosis for pulmonary TB 
cases indicating the need for future basic and clinical studies to more accurately identify, 
manage, control, and ultimately eradicate this disease. 
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1. INTRODUCTION 
 
The lung trematode Paragonimus spp. that causes paragonimiasis is a neglected tropical 
disease (NTD) [1, 2] with significant socio-economic implications due to food-borne infection. 
Currently, more than 50 known species of Paragonimus have been reported worldwide and 
seven of which cause disease in humans are found in Asia [3, 4]. The parasite is endemic 
across the Far East, particularly in Asia and Southeast Asia, where the population frequently 
consumes raw or undercooked crustaceans [5]. 

Paragonimus spp. has an intricated life cycle that includes mammals’ final hosts, first, and 
second intermediate hosts. The clinical picture of paragonimiasis is mainly pulmonary 
symptoms, which occur when freshwater crabs containing metacercaria are consumed raw 
or undercooked, or when humans consume uncooked paratenic hosts infected with the 
larval stages [1, 4]. The metacercaria then excyst in the small intestine, break through the 
abdominal wall, and go into the diaphragm, and lung. Adult flukes lodge in the lung tissue 
and develop symptoms including chronic cough, hemoptysis, chest or abdominal pain, 
pleural effusion, intrapulmonary nodules, and pneumothorax with respiratory symptoms [6, 
7]. A condition known as extrapulmonary paragonimiasis or ectopic infection results when 
metacercaria move to certain additional tissues, including the liver, neck, kidney, 
peritoneum, and spinal cord, especially in the central nervous system (CNS), which is 
common in some species in Asia [8, 9]. The gold standard for diagnosing Paragonimus spp. 



 

 

is detecting ova in a sample of sputum. Radiological examination and computed tomography 
(CT) in paragonimiasis found nodules or lung masses. Pulmonary and radiological 
symptoms often overlap and are like those of pulmonary tuberculosis (TB) and lung cancer, 
so they are potentially misdiagnosed. Microbiologists have reported pulmonary 
paragonimiasis diagnosed as smear-negative TB and subsequently treated with tuberculosis 
drugs [3, 10]. 

Human paragonimiasis has spread across the globe recently because of increased 
international tourism, human migration, and foodstuff trading. Paragonimiasis is thought to 
pose a risk to approximately 22 million people globally. The World Health Organization 
(WHO) in 2015 reported that an estimated 14 million people worldwide suffer from TB and 
the global burden of Paragonimus spp. is approximately one million disability-adjusted life 
years (DALYs) [11, 12].  

We outline the characteristics of paragonimus geographical distribution and epidemiology, 
biology, and life cycle, as well as the pathogenesis, diagnosis, and management. We also 
demonstrate that paragonimiasis has the potential to be used as a differential diagnosis for 
pulmonary tuberculosis cases in Indonesia indicating the need for future basic and clinical 
studies to more accurately identify, manage, control, and ultimately eradicate this disease. 

 

2. LUNG TREMATODE: THE GENUS PARAGONIMUS  
 
The genus Paragonimus (Trematoda: Paragonimidae) is a multi-host fluke with a 
complicated life cycle that includes the definitive host mammals and two intermediates host 
(snails and freshwater copepods crustaceans), which transmits a lung disease through food 
called paragonimiasis [13]. Seven of the fifty Paragonimus species that have been 
discovered−particularly P. westermani, P. heterotremus, and P. skrjabinimiyazakii−highly 
crucial in regard to infection in humans and spreading throughout Asia [13, 14]. 

 

2.1 GEOGRAPHICAL DISTRIBUTION 

The tropics and subtropics have a widely scattered of the genus Paragonimus, where the 
species that cause human paragonimiasis vary between countries. Human cases occur 
sporadically due to the habit of intake raw/underdone crab or crayfish. About 20 million 
people are infected with Paragonimus, and about 300 million people are at risk, with most in 
mainland China [10]. Japan has the highest prevalence of paragonimiasis in the entire globe, 
ranging around from 25 % to 67%. The etiology of paragonimiasis in Japan is 
Paragonimuswestermani with P. skrjabinimiyazakii, where P. westermani predominates [10, 
15]. 

An epidemiological survey in China in 2000 stated that the prevalence of paragonimiasis 
ranged from 1.9 to 33.7% [16]. According to a survey study in the Philippines, the average 
paragonimiasis prevalence was between 12% to 52%, and an update from Zamboanga 
stated that the prevalence reached 6.7% [17]. Infection prevalence in newly endemic regions 
was discovered nearly 7% in India, ranging between 0.2 to 11% in Vietnam’s North and 
0.6% to14% in Laos [18-20]. The primary agent in East Asian and Philippinesis P. 
westermani. Yet, P. heterotremus acts as the main culprit in three South China territories, as 
well as in South and Southeast Asian nations [15, 21]. 

Four species of Paragonimiasis in Africa —P. uterobilateralis, P. africanus, P. 
gondwanensis, P. kerberti—commonly occur in Cameroon, Ivory Coast, and Nigeria [1, 22]. 



 

 

The sole species that infects humans in North America is P. kellicotti[23, 24]. While, P. 
peruvianus, P. ecuadorensis, as well as P. inca, are the main culprits in Central to South 
America, that well thought to P. mexicanus synonyms [25]. Even though Paragonimus spp. 
are not native to Indonesia, numerous investigations in Java have found adult P. westermani 
worms in cats and dogs. Krijgsman, 1933 discovered P. westermani from Sumatera tigers. 
However, until now no cases of autochthonous paragonimiasis in humans have been 
reported in Indonesia [26], which is common in Asia and Southeast Asia. 

According to the phylogenetic analysis of the genus Paragonimus, there are many different 
species belonging to this genus, which affect significant taxa alteration due to the collection 
of genetic data. A few species are currently replaceable by P. ohirai, including P. 
iloktuenensis and P. sadoensis. Respectively,it is acknowledged that P. proliferusand P. 
harinasutai can both be used interchangeably with P. hokuoensisand P. microrchis. Many 
subspecies are established of various species, and P. miyazakii is a subspecies of P. 
skrjabinimiyazakii[27, 28]. There are four "species complexes" made up of P. westermani, P. 
skrjabini, P. heterotremus, plus P. ohirai, according to a phylogenetic study of Paragonimus 
spp. in Asia. A group of animals that belong to distinct species but have plenty of genetic 
similarities due to having morphological, physiological, or other phenotypic traits is referred 
to as a "species complex" [29]. Paragonimuswestermani is grouped into three primary 
categories determined by genetic data: Southern, Southeast, and Northeast Asian [30-32].  

2.2 MORPHOLOGY AND LIFE CYCLE OF PARAGONIMUS SPP. 

The adult flukes have an ova-like form with measures: 10 mm long, 5 mm wide, and 4 mm 
thick. Live flukes resemble coffee beans (in shape, size, and color) along with suckers 
(mouth and stomach). The primary features used to identify a species are often determined 
by the size, structure, and ratio between the oral and stomach sucker, the spines-shaped 
cuticle as well as the testes' and ovaries' form, position, and size. Species identification is 
frequently performed using the morphology of metacercaria [3, 11, 19]. 

The hermaphrodite flukeParagonimus spp. has intricate life cycles (Fig. 1), usually living as 
pairs in cystic spaces in the lungs of the definitive mammalian host and less often in other 
organs [3]. The human life cycle of these fluke ranges from one to twenty years. The 
definitive host of Paragonimus spp. outside humans especially cats and carnivores, among 
other species of crab-eating mammals. Paragonimus spp. ova containing undeveloped 
miracidium are expelled from hosts through the respiratory system in sputum or become 
ingested and expelled with faeces. These immature ova are distinctive; they are frequently 
asymmetric, somewhat oval, yellow-brown, 80–120 mm x 45–70 mm in size (properly sized 
by species) and have thick-smooth shells with prominent operculum observable at the end. 
Large ova size aids in the detection of Paragonimus spp. [19, 33].  



 

 

The miracidium is released once the paragonimus ova hatches in freshwater after growing 
fully in the outer milieu for about two weeks. The freshwater snails that prevail as the first 
intermediate hosts belong to Semisulcospira, Hua, Syncera, and Brotia which can be 
detected by the ciliated miracidium and then enter the soft tissues. Miracidium produces 

sporocysts, two generations of redia, and cercariae during asexual growth in snails. The 
mature cercariae discharge from the snail and invade the secondary host tissue. The second 
intermediate host is crabs or crawfish. The crabs are from the genera Eriocheir, 
Geothelphusa, andPotamon, but in Asia are from the families 
PotamidaeandParathelphusidae. While crawfish are usually from the genera Cambaroides 
and Procambarus. The second intermediate host acquires infection after ingesting snails 
infected with cercariae. Furthermore, the cercariae develop into metacercaria, an infectious 
form with a spheroid and a diameter of 280–450 m [34, 35]. 

 

 
 
Fig. 1.The life cycle of Paragonimiasis. Miracidium-containing undeveloped eggs are 
discharged from hosts in sputum or feces. Freshwater snails are the first 
intermediate hosts that the released miracidium enters when the eggs hatch in 
freshwater. During asexual growth in snails, Miracidium creates sporocysts, two 
generations of redia, and cercariae. The developed metacercaria (an infectious form) 
emerges from the adult cercariae as they exit the snail and infiltrate the secondary 
host tissue (crabs or crawfish). When eating unripe, undercooked, or pickled meat 
from a second intermediate host who has previously been exposed to Paragonimus' 
metacercaria, the definitive host will get sick. Metacercaria exits the small intestine 
and enters the pleural cavity and lungs through the abdominal wall. The 
metacercarial bronchioles in the lungs form capsules that develop into adult flukes. 

 



 

 

Upon ingestion of unripe, undercooked, or pickle meat from a second intermediate host 
formerly exposed to Paragonimus’ metacercaria, the definitive host will become infected. 
Metacercaria leaves the small intestine within 3 - 6 hours, notably the duodenum, pass 
through the intestinal wall to the peritoneal cavity, penetrate the abdominal wall, and dwell 
there for a few days. Afterward, metacercaria adjourn through the abdominal wall or about 
the diaphragm to the pleural cavity and lungs. In the lungs, capsules form surrounding the 
metacercarial bronchioles and grow into adult flukes [10, 36]. Human paragonimiasis may 
also be brought on by ingesting unripe or undercooked paratenic hosts harbouring larvae. 
Metacercaria that paratenic hosts ingest are persisted in the tissues as a larval stage, 
usually in muscle [34, 37]. 

 

3. PARAGONIMIASIS 
 
Among ―neglected tropical disease‖ agents, paragonimiasis typically has a broad spectrum 
of manifestations due to its intricate migration path. The infections may result in 
extrapulmonary complications in addition to pulmonary symptoms based on the site of the 
flukes [37, 38]. Paragonimiasis manifestations proceed from the initial metacercaria 
movement from the digestive to the respiratory system. Due to the patient sensitivity, there 
may develop a spreading allergic rash. Approximately 20% of paragonimiasis patients have 
no symptoms. The acute phase is characterized by abdominal pain, diarrhea, and urticaria, 
which coincide with the time of invasion and migration of the adult flukes. Several days after 
the initial symptoms, fever, cough, dyspnea, chest discomfort, malaise, and sweating occur 
[5, 39]. In some cases, hepatosplenomegaly, pulmonary abnormalities, and eosinophilia may 
present. This acute phase lasts for several weeks on average [40].  

 

3.1 Pulmonary paragonimiasis 

The flukes enter the lungs through the pleura by crossing the diaphragm. Changes occur 
with forming of granulomatous inflammation caused by parasitic invasion of the lungs and 
pleural space. Pulmonary manifestation due to invading flukes into the lungs can appear as 
pleurisy, pneumonia, and bronchitis. Generally, the symptoms include chest discomfort or 
snugness, productive cough with bloody or brownish phlegm sputum [41, 42]. Major 
pathological changes, such as hydropneumothorax, parenchymal infiltration, and pleural 
effusion can be found in the early invasive stage. Migration flukes can also invade the 
mediastinum. At this stage of infection subsequently, dense fibrous granulomas filled with 
purulent fluid encircled the flukes. The predominant histological abnormalities are cystic 
bronchial dilatation and widespread or localized pulmonary fibrosis [43-45]. The highly 
prevalent feature in thorax photos is unilateral or bilateral pleural effusion. An image of 
inflammatory infiltration, nodular lesions, calcify spots, and fibrotic lesions is also present. 
Additionally, the cavity lesion is not as common as would be predicted [10, 46, 47]. 
Paragonimiasis may occasionally be incorrectly recognized as pulmonal malignancy or 
tuberculosis, yet eosinophilia was evident even in these cases of misdiagnosis at the first 
hospital visit. Thus, key indicators for the diagnosis of paragonimiasis are localized 
eosinophilic infiltration and peripheral eosinophilia due to intense eosinophilic inflammation 
present wherever flukes are sited. Additional laboratory results include leucocytosis and 
raise serum total Ig-E levels than normal controls by at least threefold [3, 19, 48]. If 
paragonimiasis is left untreated, the patient may continue suffering from certain symptoms 
for years. 

 



 

 

3.2Extrapulmonary paragonimiasis 

The lung fluke Paragonimus spp. sometimes migrates improperly to other areas of the body 
causing granulomatous lesions. The sites most affected are the subcutaneous tissue, 
especially the abdomen and anterior chest wall. Cerebral paragonimiasis is the most severe 
disease linked to paragonimiasis, which manifests with certain neurological symptoms and 
potentially causes death, depending on the location. Involvement of the nervous system 
accounted for 45% of all extrapulmonary paragonimiasis cases in Korea [49]. Uncertainty 
exists on how the flukes move from the lung to the brain. The flukes may reach the brain by 
passing via free muscular spaces between the spinal column, or they might simply get there 
by entangling themselves in the soft tissues that encircle the carotid artery and other small 
blood vessels. In the early active stages, cerebral herniation can result from migrating flukes 
providing cerebrovascular oedema with or without a middle-line shift. Long-distance 
migration is primarily fuelled by the fluke's active motility and tissue-hydrolysing proteolytic 
enzymes detached by the flukes. This migration often causes acute/subacute hematomas [8, 
50, 51], nevertheless most cerebral cases are associated with chronic morbidity due to 
cephalgia, homonymous hemi or quadranopia, and partial seizures (including Jacksonian 
and temporal lobe epilepsy) [52, 53]. Predilection sites for brain involvement include the 
temporal, occipital, and parietal lobes. Although rare, spinal paragonimiasis can also occur 
commonly in the thoracic spine [8, 50]. Paragonimus kellicotti infection is over inclined to 
involve the pleura, cardiac and pericardial, lymphatic glands, and up of abdomen rather than 
P. westermani infection, possibly because of its tendency to migrate [54, 55]. 

 

3.3Pathogenesis and Clinical symptoms 

Right after swallowing, encysted (derived crustacea hosts) or juvenile (derived paratenic 
hosts), metacercaria infiltrate the gut wall. After penetrating the intestinal wall, the juvenile 
flukes immediately reach the peritoneum space and temporarily reside within the muscle of 
retroperitoneum [56, 57]. After 5-7 days, it develops there, reappears in the peritoneum 
space, then moves pass the diaphragm to the space of pleura about 14 days after infection 
and finally the flukes enter the lungs. The flukes mating in the pleural cavity and then move 
to the lung parenchyma where fibrous cysts develop around the flukes. Each fluke produces 
ova that pass from the cyst to the small bronchioles and finally to the external environment 
via sputum or faeces. On their route to the pulmonary, a number of flukes stray to fully grow 
in different places beyond the pulmonary [35, 41]. 

Intense inflammatory eosinophilic around the flukes is one of the clinical indications of 
paragonimiasis that can be found anywhere that flukes are present. Eosinophils are 
generally believed to play important roles in the pathogenesis of certain allergic or 
inflammatory disorders resulting in tissue damage through eosinophil-derived cytotoxic 
mediators involved in eosinophilic inflammation. In order to accumulate within sites of 
inflammation, eosinophils must adhere to, and migrate across the microvasculature. These 
processes are largely controlled by type 2-immune responses. It is well known that 
eosinophils have anti-microbial activity, often elevated, and represent important effector cells 
in the course the fluke infections. The onset of eosinophilia typically occurs together with the 
larval movement through tissues earlier during fluke infection. The eosinophilia that 
characterizes paragonimiasis is often noticeable, peaks about two months after the illness 
begins coincides with pleural implication, and gradually diminishes as the parenchymal 
illness progresses [58-60]. 



 

 

Paragonimusspp. metacercaria ought to excystment in the host intestinal tract to infect a 
definitive or paratenic host since it is known that particular cysteine proteases from 
metacercaria contribute to excystation. The excretory-secretory product (ESP) of recently 
expelled metacercaria showed signs of protease activity. Specific stimuli cause this product 
to activate, causing excitement [61, 62]. Metacercaria secrete biologically active molecules 
such as cysteine proteases and antioxidant enzymes, which have a prominent function in 
pathophysiological mechanisms due to the involvement in fluke movement by encouraging 
tissue lysis and regulating the host immune response by neutralizing Immunoglobulin G 
(IgG). Excretory-secretory products (ESP) from metacercaria activated by specific stimuli, 
promote excystment. Previous study found that a reductant, dithiothreitol (DTT) and cysteine 
protease inhibitors affected the excystment. To infect a definitive or paratenic host, 
metacercaria of Paragonimusspp.  must exit the host gut and it is known that certain 
cysteine proteases from metacercaria are involved in excystment. Protease activity was 
detected in the excretory-secretory product (ESP) of newly excreted metacercaria [37, 63, 
64]. This proteolytic enzyme is linked to eosinophil IL-8 generation, proliferation of cells CD8-
positive, and interleukin (IL)-2 receptor expression oppression in lymphocytes. During the 
initial migratory phase, these enzymes can help enervate helminthiasis triggered by 
eosinophils which are IgG-dependent, as well as tissue inflammation brought on by 
eosinophils. Flukes secrete cysteine proteases which can trigger the Th2 component of the 
immune response to generate response of IgG [65-68].   

The milieu of Th2-type immune response in the host is regulated by the flukes to assure 
survival. Fluke parasites secrete chemicals that not solely harshly enhance Th2 immune 
responses but also could decrease Th1 cytokine responses to successfully establish a 
persistent infection [63, 66]. The Th2 cell subset triggers a wide variety of reactions deemed 
essential for defending the host against parasitic helminth infections and for encouraging 
damaged tissue healing. The Th2 cell subset releases IL-4, IL-5, IL-9, and IL-13, whilst IL-5 
rises in the presence of Paragonimus spp. Further, combining these cytokines fosters type 2 
immune response features such as smooth muscle contraction, the growth of B cells, class 
switching of immunoglobulin to Ig-E, eosinophilia and mastocytosis, goblet cell hyperplasia, 
macrophages polarization [69-72]. The detoxifying and removal of possibly hazardous 
xenobiotics involving superoxide dismutase, catalase, glutathione peroxidase, and 
glutathione transferase which are antioxidant enzymes that act as intermediaries for reactive 
oxygen and glutathione peroxidase [8, 13, 73]. Peripheral eosinophilia in paragonimiasis has 
been linked to higher blood serum IL-5 levels and pleural effusions, and limited knowledge 
regarding the host's effector immune system [74-76]. 

 

4. DIAGNOSIS 
 
The clinical and epidemiology histories of the patient, alongside radiographic and laboratory 
results, are all important factors in making the paragonimiasis diagnosis. The diagnosis gets 
established when ova features are found through microscopic analysis of faeces or sputum 
specimens [77, 78]. Nevertheless, Identification of ova is not applicable for extrapulmonary 
paragonimiasis with a limited accuracy of less than 50 percent [5, 79]. Current findings of 
paragonimiasis can be confirmed using serologic testing. The most accurate and precise test 
for paragonimiasis is immunoblot test, which may reflect immature and fully developed 
variants of the cysteine protease, respectively [8, 68, 80].  

 

4.1Parasitology examinations 



 

 

Paragonimiasis patients frequently cough up brick-colored, rotten fish-smelling sputum. It 
has a foul odor and a rusty phlegm-like appearance, or dark hemoptysis. The sputum smear 
was microscopic examined, and a sizable golden-brown ova mass was discovered [10, 81, 
82]. Bronchoscopy and bronchoalveolar lavage (BAL) are frequently performed on patients 
with paragonimiasis because the radiological findings, signs, and symptoms are similar to 
those of pulmonary malignancy and tuberculosis. Ova of Paragonimus spp. are discovered 
in cytological smears of BAL fluid. Due to the patient constantly swallowing phlegm, ova of 
Paragonimus spp. might also be found in the faeces when it is examined. Due of the 
relatively limited sensitivity of the Kato-Katz stool test, the formalin-ether concentration 
approach is advised. For increased diagnostic sensitivity, up to five examinations must be 
performed [54, 83]. 

The biopsy material stained with hematoxylin and eosin serves as the basis for the 
confirming diagnosis of extrapulmonary paragonimiasis. A large granuloma formed primarily 
of palisading histiocytes, Charcot-Leyden crystals, and inflammatory cells such 
as eosinophils, lymphocytes, and neutrophils can be seen under the microscope. The fluke 
is found in the middle of the granuloma in samples of active lesions such as subcutaneous 
paragonimiasis. A single granuloma often contains two flukes. The size of the worm part, 
tegumental spines, sub-tegumental cells, the architecture of the gut, and distinctive egg part 
serves as markers for determining the species of Paragonimus. It is important to differentiate 
between Fasciola species while diagnosing fluke parts. Caseous substances are present in 
the middle of the calcification conglomerated granuloma in ectopic foci. A direct examination 
of necrotic tissue or an inspection of ova in the granuloma walls corroborates the diagnosis 
[35, 41, 64].  

 

4.2Features of radiography 

Pneumothorax or hydropneumothorax, localized space consolidation, and linear opaqueness 
are the earliest signs of pleuropulmonary paragonimiasis. Thin-walled, dense mass-like 
consolidations, nodules, or bronchiectasis brought on by fluke cysts are later cyst findings. 
Additionally, ring shadows and uneven airspace consolidation, with or without cystic 
alterations, are frequently seen. Pneumothorax or bilateral pleural effusions are recognized 
as well but rare, occurring more frequently in instances of serious illness. Linear opacities 
brought on by fluke movement are crucial for the differential diagnosis of tuberculosis. These 
results are frequently comparable to those seen in tuberculosis. Round attenuated cystic 
lesions filled with fluid or gas are typically seen in consolidation on computed tomography 
(CT) studies. It is possible to find intracystic fluke by looking for peripheral linear opacities, 
which represent signs of fluke migration. Additionally, CT can shed light on helminth cysts 
and their migration routes, but results may differ depending on the infection stage [76, 82, 
84-86].  

Round low-attenuated cystic lesions are frequently seen inside the consolidation on 
computed tomography (CT) imaging. It is possible to find intracystic worms by looking for 
peripheral linear opacities, which are indicative of fluke migration trails. The findings may 
differ depending on the infection stage; however, CT can provide further information on the 
fluke cyst and migration path. A cluster of enhancing lesions with a grape-cluster look and 
surrounding oedema in one cerebral hemisphere, with or without enhancing lesions, is the 
most typical feature in early cerebral paragonimiasis. There are also areas of low density 
that are poorly defined and cerebral hematoma. Typically, hardened granuloma lesions with 
great density are seen over time. Conventional skull radiographs of patients with persistent 
cerebral paragonimiasis show calcifications that resemble soap bubbles [13, 54, 77, 82]. 



 

 

 

4.3Immunology techniques 

A straightforward indirect enzyme-linked immunosorbent assay (ELISA) employing somatic 
extracts of adult fluke as an antigen is the most used serological test in Japan for the 
diagnosis of paragonimiasis [87-89]. Due to the antigenic similarities across species, 
patients with other trematode illnesses, such as schistosomiasis, fascioliasis, and 
clonorchiasis, frequently experience cross-reactions. More advanced assays for detecting 
immunoglobulin classes have been used in Southeast Asia, where many fluke infections are 
common. They proved that particular IgE and IgG sub-class antibodies can boost the 
sensitivity and specificity of paragonimiasis diagnosis. Different antigen preparations have 
been assessed in order to increase the specificity of serodiagnosis. A good option for an 
ELISA antigen with high specificity is claimed to be the excretory-secretory (ES) antigen of 
adult worms, which is a metabolic byproduct of flukes that is collected in vitro. Additionally, 
with great success, monoclonal antibody-affinity purified antigens are employed [73, 74, 90, 
91].  

The trends in animal experimentation—reducing, substituting, and refining animal testing—
make it increasingly difficult to obtain mature flukes. The application of serodiagnosis 
techniques using ES antigens is constrained by the challenge of antigen production. The 
synthesized peptide based on the antigenic region of Paragonimusspp. preprocathepsin L 
demonstrated high cross-reactivity in addition to excellent sensitivity and positive predictive 
value [91]. Recombinant Paragonimus spp. antigens, including as secreted cysteine 
proteases and egg proteins, have been reported to be applied to ELISA to get around the 
issue [92-95]. Although they have not yet been used in a clinical diagnosis, ongoing 
investigations suggest that ELISAs based on recombinant Paragonimus spp. antigens could 
be a useful tool for enhancing the sensitivity and specificity for serodiagnosis of 
paragonimiasis. In order to diagnose paragonimiasis, further information such as clinical 
signs and clinical data about risk factors for Paragonimusspp. infection such as place of 
residence, travel history, and consumption of freshwater crab or uncooked wild boar and/or 
deer meat should be acquired. There are no distinguishing characteristics of paragonimiasis 
for pulmonary symptoms with peripheral blood eosinophilia and increased serum Ig-E levels. 
As a result, a quick and easy differential diagnosis method is crucial as a first screening 
step. The multiple-dot ELISA technique was created for this purpose and is now used in the 
regular serodiagnosis of parasite diseases [94-97].  

 

4.4Molecular techniques 

Even though examination of sputum or feces for ova is the gold standard for the diagnosis of 
paragonimiasis, ova can rarely be found. In paragonimiasis-tuberculosis-endemic locations 
that rely on microscopic techniques to detect Paragonimusspp. ova, a poor ova detection 
rate will present issues. This is worsened by clinical signs and radiological findings similar to 
tuberculosis. Moreover, concomitant food-borne trematodiasis occurs in several countries, 
and it is challenging to distinguish them simply based on morphological traits [40, 64, 98].   

Current developments in molecular biology, particularly the polymerase chain reaction (PCR) 
and sequencing methods, are useful in helping distinguish closely related species, such as 
Mycobacterium tuberculosis, by comparing their DNA. The spread of Paragonimus spp. and 
its evolutionary diversity have been successfully demonstrated using PCR-based methods 



 

 

relying on both mitochondrial cytochrome c oxidase subunit 1 (CO1) sequence and the 
second internal transcribed spacer (ITS2) of ribosomal DNA [99, 100].  

 

5. HUMAN PARAGONIMIASIS: POTENTIALLY PUBLIC HEALTH ISSUE 
 
One of the NTDs that the Sustainable Development Goals of the United Nations [101] aim to 
eradicate is paragonimiasis infections, which are becoming a growing public health issue in 
the Southeast Asian (SEA) and Pacific regions. SEA covers the following countries: 
Bangladesh, Bhutan, India, the Democratic People's Republic of Korea, Timor-Leste, the 
Maldives, Myanmar, Nepal, Sri Lanka, Thailand, and Indonesia. While Pacific region 
covering Australia, Brunei Darussalam, Cambodia, China, Japan, Malaysia, and so forth 
[102, 103]. 

Three indigenous focus regions—Asia, South and Central America, and Africa—are endemic 
to human paragonimiasis. The cases have been documented in India, Thailand, China, 
Japan, Lao PDR, South Korea, Philippines, and Vietnam [104-110]. On the other hand, there 
are limited data on paragonimiasis in some nations, such as Cambodia [111]. On the 
Indonesian island of Java, Soediro discovered P. westermani in dogs and cats, whereas 
Krijgsman was discovered in Sumatra tigers [26]. As of the present time, Indonesia has not 
reported any cases of human paragonimiasis.  

Paragonimiasis is a lung trematode infection caused by genus Paragonimus, which is 
spread by eating uncooked or improperly prepared crabs. Due to the clinical signs (including 
hemoptysis and a persistent cough) and radiological findings of paragonimiasis being similar 
to those of tuberculosis, misdiagnosis of this parasite infection is frequent, especially in co-
endemic areas. An incorrect diagnosis could result in unnecessary expenses from inefficient 
therapy and the infection's persistent morbidity, which would impair the infection's ability to 
be controlled.  WHO suggests combining TB and paragonimiasis surveillance [103].   

In the WHO's Southeast Asian and Pacific regions, paragonimiasis has evolved into a more 
serious public health issue due to its intensely focalized infection spread. Paragonimiasis 
infections have an adverse effect on public health and the economy in terms of absenteeism, 
morbidity, medical expenses, and lost output in agriculture and other sectors. Nevertheless, 
health education that promotes hygienic food handling and cooking techniques, along with 
appropriate care-seeking behaviours and targeted therapy, greatly lowers the number of 
paragonimiasis cases [112]. Furthermore, building the capacity of health workers is essential 
for identifying cases, medication delivery, and data gathering for the formulation of policies 
based on scientific evidence. Academic research facilities and health science centers can be 
important assets for enhancing capacity and serving as centers of reference for patients 
requiring specialized care and additional diagnosis [113]. 

Encircled geographically by endemic countries and has the second-highest TB burden 
worldwide, hence paragonimiasis cases in Indonesia are not completely ruled out. The 
Indonesian government through the Ministry of Health has never conducted a national 
survey on paragonimiasis and TB. Independent research is very rare, making 
paragonimiasis a very neglected NTD disease. In the future, policy stakeholders and 
researchers may use this data to investigate Paragominus spp. in Indonesia and determine 
humans paragonimiasis prevalence. Due to this, paragonimiasis may need to be taken into 
consideration as a differential diagnosis for tuberculosis or co-infection. Furthermore, the 
government could take this into account in the future when renewing the tuberculosis 
eradication campaign. 



 

 

 

6. CONCLUSION 
 
Finding paragonimiasis cases and taking preventive measures are critical to reducing 
disease morbidity and ending the cycle of transmission. Patients with clinical symptoms and 
radiological features resembling pulmonary tuberculosis should be further evaluated for 
paragonimiasis, especially in endemic areas. Non-endemic countries ought to keep to be 
vigilant concerning the emergence of paragonimiasis. It is crucial to think about reevaluating 
the diagnosis if anti-tuberculosis therapy fails, a smear examination yields a negative result, 
and there is a history of consuming crabs or crayfish. 
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