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Intestinal Parasitic Infections in 2023

Monjur Ahmed

Abstract

Intestinal parasites include intestinal protozoa and intestinal helminths. 
Intestinal parasitic infections (IPIs) pose a global health problem affect-
ing over one billion people worldwide. Although these infections are 
predominantly seen in the developing world, they are frequently seen in 
the developed countries, particularly in immunocompromised patients. 
Patients’ clinical presentations generally include diarrhea, dysentery, ab-
dominal pain, nausea, vomiting, nutritional deficiency, iron deficiency 
anemia, anal and perianal itching, and rarely intestinal obstruction. The 
intestinal parasites have similarities in their mode of transmission and 
life cycle. The stool test is the primary way of diagnosing IPIs. Treat-
ment is given with various anti-parasitic agents. However, appropriate 
preventive measures are essential for successfully controlling the IPIs.
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asites of the gut; Life cycles of intestinal parasites; Treatment options 
of intestinal parasites

Introduction

Intestinal parasitic infections (IPIs) are among the most criti-
cal public health problems worldwide. Patients infected with 
these parasites suffer from significant morbidity and mortal-
ity. The intestinal parasites are broadly classified into protozoa 
and helminths (Table 1). Although IPIs are more commonly 
seen in developing countries, they are also increasingly being 
seen in developed countries due to the globalization of food, 
international travel, and migration. This review will discuss 
the epidemiology of common IPIs, including their mode of 
transmission, short life cycles, clinical presentations, diagno-
sis, management, prevention, and pathways to investigate pa-
tients in whom intestinal parasites are suspected.

Epidemiology

The prevalence of IPIs varies from country to country. Due 

to various geographical, social, and environmental factors, 
they are the most prevalent diseases in developing countries, 
particularly in sub-Saharan Africa (SSA), Asia, Latin Amer-
ica, and the Caribbean. These include tropical and subtropi-
cal climates, overcrowding, inadequate sanitation, insufficient 
pure water supply, low income, low level of education with 
poor knowledge about hygiene, food handlers with IPIs, and 
poor personal hygiene [1]. According to the World Health Or-
ganization (WHO), 1.5 billion people, i.e., 24% of the world 
population, have IPIs, mainly the soil-transmitted helminths 
(geohelminths) Ascaris lumbricoides (roundworm), Trichuris 
trichiura (whipworm), Ancylostoma duodenale, and Necator 
americanus (hookworms) [2]. More than 50% of the popula-
tion has IPIs in some of the regions of SSA. Giardia lamblia, E. 
histolytica, and cryptosporidium are the most common intesti-
nal protozoal infections in developing countries. In developed 
countries, intestinal protozoal infections are more common 
than intestinal helminthic infections [3]. In the United States, 
Giardia lamblia, Cryptosporidium parvum, Blastocystis spp., 
Cyclospora cayetanensis, Cystoisospora belli, and Entamoeba 
histolytica are the common intestinal protozoal infections, and 
Enterobius vermicularis is the most prevalent helminthic in-
fection [4].

Common IPIs

The life cycle of intestinal protozoa and helminths differs from 
each other. Protozoa are unicellular and can multiply in the hu-
man body, whereas helminths are multicellular and cannot gen-
erally multiply in the human body. As discussed below, there are 
certain standard features in the life cycle, mode of transmission, 
clinical presentation, treatment, and prevention of IPIs.

Giardiasis

Giardia duodenalis (also known as Giardia lamblia or Giardia 
intestinalis) is a flagellate parasite that is a major cause of epi-
demic or sporadic diarrhea worldwide. Giardia infection rate 
can be as high as 30% in developing countries and 7% in de-
veloped countries [5]. In the developed world, it is the most 
common cause of parasitic diarrhea [6]. It exists in the vegeta-
tive/active trophozoite form and the infective cyst form. Hu-
man infection occurs when the giardia duodenalis cysts in fe-
cal-contaminated water or food are ingested. The fully formed 
cyst is oval, 8 - 18 µm by 7 - 10 µm in size, and contains four 
nuclei. The cysts are dormant and hardy and can survive in 
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cold water for up to 3 months. After ingestion, the cysts get ex-
posed to gastric acid, bile, and trypsin in the duodenum. As they 
travel to the proximal small intestine below the level of the am-
pulla of Vater, excystation occurs, releasing trophozoites (two 
trophozoites per cyst) [7]. The trophozoites are 9 - 21 µm long, 
5 - 15 µm wide, and 2 - 4 µm thick, containing two large nu-
clei, a median-pear-shaped body, one ventral sucking/adhesive 
disc, and eight flagellae. Many trophozoites adhere to the brush 
borders of the enterocytes by their sucking/adhesive discs, and 
many remain in the lumen of the duodenum. They multiply by 
binary fission into numerous trophozoites. The trophozoites 
move towards the distal small bowel where encystation of the 
trophozoites occurs. The cysts travel through the colon and get 
excreted in the stool, where they are instantly infectious.

Pathogenesis

Giardia trophozoites damage the brush border epithelium, 
shorten the microvilli and disrupt the epithelial barrier func-
tion [8]. Rarely can they cause intraepithelial lymphocytosis, 
crypt hyperplasia, and villous atrophy. There can be neutro-
philic and eosinophilic infiltrates in the epithelial layer as well. 
All these changes lead to nutrient malabsorption, diarrhea, and 
steatorrhea [9]. Giardiasis can cause disaccharidase deficiency 
due to loss of absorptive surface and impair sodium-dependent 
D-glucose and water absorption but can cause chloride hyper-
secretion [10].

Presentation

Patients generally present with diarrhea, abdominal cramps, 
nausea, gas, and bloating sensation. Patients with chronic giar-
diasis may present with the full spectrum of carbohydrate, pro-
tein, fat, vitamins, minerals, and water malabsorption, leading 
to diarrhea, steatorrhea, and weight loss. As giardiasis is more 
common in common variable immunodeficiency (CVID), pa-
tients with CVID may present with diarrhea or malabsorption 
syndrome due to giardiasis [11].

Diagnosis

Giardiasis is confirmed by detecting the presence of giardia 
trophozoites, cysts, or giardia-specific antigen in the stool 

sample or giardia trophozoites in duodenal fluid or duodenal 
biopsy [12]. As the Centers for Disease Control and Prevention 
(CDC) recommends, a stool sample should be collected thrice 
over several days. The test of choice is stool microscopy with 
direct fluorescent antibody (DFA) because of its increased 
sensitivity (93% to 100%) and specificity (99.8% to 100%). 
Other tests include stool microscopy with trichrome staining, 
enzyme immunoassay (EIA), rapid immunochromatographic 
cartridge assays, and molecular assays for subtyping different 
giardia genetic assemblages (A-H) [13]. Giardia cysts are gen-
erally seen in wet mount preparations, whereas giardia tropho-
zoites are typically seen in trichrome staining. Giardia antigen 
test is also highly sensitive (> 90%) and specific (100%).

Treatment

The nitroimidazoles like metronidazole and tinidazole are po-
tent agents against giardiasis. The usual dose of metronidazole 
is 500 to 750 mg/day for 5 to 10 days (median efficacy 88%) 
or a single dose of 2 to 2.4 g (median efficacy 48%). The usual 
dose of tinidazole is 300 mg/day for 7 days (median efficacy 
87%) or a single dose of 1 to 2 g (median efficacy 92%) [14]. 
Metronidazole becomes activated inside the giardia trophozo-
ites as its nitro group is reduced by its electron transport pro-
tein, “ferredoxins”. The reduced metronidazole can then dam-
age the DNA of giardia.

Cryptosporidiosis

Cryptosporidiosis is a diarrheal illness caused by cryptosporid-
ium. Cryptosporidium is an intracellular protozoan that can 
cause both human and veterinary infections. There are many 
species of cryptosporidium, but human infection is mainly 
caused by Cryptosporidium parvum and Cryptosporidium 
hominis. The disease is present worldwide and mainly trans-
mitted through water (drinking water and recreational water). 
However, the fecal-oral route and inhalation of infected drop-
lets into the respiratory tract are also well-known. Ingested 
cryptosporidium oocysts travel to the small bowel where ex-
cystation occurs, each oocyst releasing four infectious sporo-
zoites. The sporozoites attach to the epithelial cells, where they 
become enveloped by a dense layer of apical membrane and 
reside in a parasitophorous vacuole outside the epithelial cell 
cytoplasm. Each sporozoite then undergoes asexual multiplica-

Table 1.  Names of Protozoa and Helminths

Protozoa Helminths
Giardia duodenalis Enterobius vermicularis
Cryptosporidium parvum and Cryptosporidium hominis Ascaris lumbricoides
Blastocystis spp. Trichuris trichiura
Cyclospora cayetanensis Ancylostoma duodenale, Necator americanus
Cystoisospora belli
Entamoeba histolytica
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tion, forming eight merozoites within that vacuole called type 
I meront. The merozoites released from type I meront invade 
the mucosal surface layer and undergo sexual multiplication 
with the formation of type II meront. The merozoites then dif-
ferentiate into microgametocytes and macrogametocytes, fer-
tilizing to form the zygote. Each zygote then forms four sporo-
zoites within thick-walled or thin-walled cysts. Thick-walled 
cysts can infect a new individual when excreted in the stool 
[15]. They can withstand the harsh environment and survive 
in chlorinated water (swimming pools), public water supply, 
rivers, lakes, and fruits and vegetables. Thin-walled cysts get 
involved in autoinfection.

Pathogenesis

Cryptosporidium affects the small bowel mucosa, but distal 
jejunum and ileum are more severely affected. The sporozo-
ites alter epithelial barrier function and increase intestinal per-
meability [16]. They cause diarrhea mainly by increasing the 
secretion of water and electrolytes through their enterotoxic 
effect. In the animal model, inhibition of glucose-stimulated 
sodium absorption from the enterocytes, lymphocytic infiltra-
tion in the lamina propria, crypt hyperplasia, and villous atro-
phy were observed [17].

Presentation

In immunocompetent individuals, cryptosporidiosis generally 
causes self-limiting acute diarrhea. However, in immunocom-
promised individuals (acquired immunodeficiency syndrome 
(AIDS), solid organ transplant, on chemotherapy), it may 
cause chronic protracted diarrhea, acalculous cholecystitis, 
sclerosing cholangitis, and acute pancreatitis [18]. Waterborne 
outbreaks are more common than foodborne outbreaks. More 
than 50% of waterborne diarrhea related to swimming in pub-
lic swimming pools is caused by cryptosporidium [19].

Diagnosis

Cryptosporidiosis is confirmed by detecting cryptosporidium 
oocyst in the stool sample. It is recommended to collect a few 
stool samples over several days. Stool microscopy with acid-
fast staining is done to visualize the oocysts, which appear 
pink. Other detection methods include direct fluorescent an-
tibody testing, enzyme immunoassays, and polymerase chain 
reaction (PCR).

Treatment

Antibiotic treatment is unnecessary as the disease is self-limiting 
in immunocompetent individuals. Patients should take plenty of 
fluid to prevent dehydration. If diarrheal episodes do not im-
prove, the antibiotic nitazoxanide 500 mg BID for 3 days can be 
given. The medication can eradicate cryptosporidium in 6-75% 

of cases but may take 5 days to cure diarrhea in about 80% of 
cases [20]. As the parasite is resistant to chlorinated water, CDC 
strongly recommends that all patients with active infection who 
have completed treatment not swim in the swimming pool for 
at least 2 weeks after the resolution of symptoms. Nitazoxanide 
may not be effective in immunocompromised individuals un-
less their immune status is improved. Patients with HIV/AIDS 
should receive highly active anti-retroviral therapy (HAART) 
for symptomatic improvement of cryptosporidiosis.

Blastocystosis

Blastocystosis is the infection caused by Blastocystis spp. (pre-
viously called Blastocystis hominis). Blastocystis is a strict an-
erobic enteric protozoan of unknown pathogenic potential. It is 
the most common protozoan in human fecal samples [21]. It is 
widely distributed throughout the world, but the prevalence is 
much higher in developing countries (about 50%) than in de-
veloped countries (about 20%) [22]. The protozoa can produce 
infective cysts (3 to 5 µm in diameter) that can develop into 
vegetative forms (5 to 40 µm). Blastocystis spp. is polymor-
phic, and the different morphological forms include vacuolar, 
granular, amoeboid, non-vacuolar, and multi-vacuolar forms 
[23, 24]. Fecal-oral route is the primary mode of transmission 
of Blastocystis spp. The risk of infection increases if someone 
ingests contaminated water or food, comes in contact with in-
fected animals, or gets exposed to a daycare environment. The 
life cycle of Blastocystis spp. has yet to be fully understood. 
Thick-walled cysts, predominantly vacuolar forms, are excret-
ed in the human stool. Humans get infected through the fecal-
oral route. The cysts infect colonic epithelial cells and multiply 
asexually by binary fission. Vacuolar forms develop into mul-
ti-vacuolar and ameboid forms. By schizogony, the ameboid 
forms give rise to thick-walled cysts excreted in the stool.

Pathogenesis

Blastocystis spp. is found chiefly adhered to the colonic epi-
thelium [25]. The protozoa produce cysteine proteases which 
break down the tight junction protein of epithelial cells, in-
creasing intestinal permeability, degrading IgA, and inducing 
an inflammatory response in the colon [26]. Blastocystis spp. 
can also activate complements releasing anaphylatoxins which 
can activate mast cells and produce urticaria [27].

Presentation

The patient may remain asymptomatic or present with diar-
rhea, abdominal pain, gas, bloating, nausea, anal itching, pal-
moplantar pruritus, or urticaria.

Diagnosis

Blastocystis spp. can be detected by stool microscopy (direct 
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smear, trichrome-stained smear, iodine-stained smear), cul-
ture, and PCR testing. The vacuolar form is most commonly 
found in stool smears; the amoeboid form is only seen in cul-
ture [28]. PCR testing is considered the gold standard for de-
tecting Blastocystis spp. [29].

Treatment

As the role of Blastocystis spp. in producing clinical symp-
toms is controversial, treatment is not warranted as long as the 
patient is asymptomatic with few cysts in the stool. Treatment 
with antimicrobial agents should be offered in symptomatic 
patients (gastrointestinal (GI) or dermatologic) with many 
cysts in the stool to eradicate the infection. Metronidazole is 
the drug of choice, given as 250 to 750 mg three times daily 
or 1,500 mg orally once daily for 10 days [30]. If there is a 
lack of response to metronidazole, the next antimicrobial to 
try is trimethoprim (TMP)/sulfamethoxazole (SMX). It has 
the advantage of using in pregnancy [31]. In case of metroni-
dazole failure, nitazoxanide can also be used. Paromomycin 
helps treat Blastocystis-associated cutaneous lesions like pal-
moplantar pruritus or urticaria [32]. Other drugs used in case 
reports or small series to eradicate Blastocystis spp. include 
tinidazole, ketoconazole and iodoquinol.

Cyclosporiasis

Cyclosporiasis is a diarrheal illness caused by the protozoan 
Cyclospora cayetanensis. It is universally distributed but more 
common in the tropical and subtropical regions of the world, 
where the risk of infection is seasonal. People become infect-
ed after consuming food and water contaminated with feces 
containing sporulated oocysts. In developed countries, it is 
the second most common cause of IPI; infection outbreaks are 
associated with consuming contaminated fresh produce (rasp-
berries, cilantro, mesclun lettuce, snow peas, basil) imported 
from endemic regions. The unsporulated oocysts (8 to 10 µm 
in diameter) are not infective when passed in the stool. They 
sporulate in the environment after 1 - 2 weeks at temperatures 
between 71.60 and 89.60 °F. Each infective sporulated oocyst 
has two sporocysts, each containing two sporozoites. After in-
gesting contaminated food and water by a host, the sporulated 
oocysts travel to the lumen of the small bowel, where excysta-
tion occurs with the release of sporozoites (4 per sporocyst). 
The sporozoites invade the duodenal and jejunal enterocytes. 
Inside the epithelial cells, the sporozoites multiply asexually 
to form schizonts which contain merozoites. The merozoites 
develop to form microgamonts and macrogamonts (sexual 
multiplication), fertilizing to form unsporulated oocysts in the 
enterocytes. They are subsequently excreted in the feces [33].

Pathogenesis

In the small intestine, Cyclospora can cause dilation of ves-
sels, congestion of villous capillaries, reactive erythema, dif-

fuse mucosal edema, mixed inflammatory cells infiltrate, and 
shortening and widening of intestinal villi [34].

Presentation

Patients generally present with voluminous watery diarrhea, 
abdominal discomfort, flatulence, nausea, fatigue, and weight 
loss. In immunocompetent individuals, symptoms may resolve 
in a few days. Nevertheless, in immunocompromised individu-
als, particularly those with AIDS, diarrhea can be prolonged, 
severe, and recurrent.

Diagnosis

Cyclospora cayetanensis can be detected by stool examina-
tion. As patients may not shed enough oocysts in their stool, 
stool samples should be taken at least three times on alternate 
days within 10 days to get > 95% detection rate [35]. Modified 
acid-fast staining, real-time PCR assays by BioFire GI panel, 
ultraviolet (UV) fluorescent microscopy and flow cytometry 
are the currently available methods to detect Cyclospora.

Treatment

The treatment of choice is trimethoprim/sulfamethoxazole 
(TMP 160 mg/SMX 800 mg) twice daily for 7 days in symp-
tomatic patients. Ciprofloxacin can be an alternative treatment 
but is less effective than TMP/SMX [36]. Another alternative 
treatment is nitazoxanide which is effective (71-87% of cases) 
and well tolerated [37].

Cystoisosporiasis

Cystoisosporiasis is a small intestinal disease caused by the 
obligate intracellular protozoa Cystoisospora belli (previously 
called Isospora belli). Although it is primarily seen in tropical 
and subtropical regions (South and Central America, the Car-
ibbean, Africa, India, and South East Asia), it is widely distrib-
uted worldwide. In developed countries, cystoisosporiasis is 
mainly seen in immunocompromised individuals with HIV in-
fection and AIDS, people living in institutions or poor sanitary 
conditions, travelers coming back from the endemic regions, 
and recent immigrants [38]. The transmission mode is fecal-
oral, i.e., through consuming food or water contaminated with 
human feces or oral-anal contact in homosexual men [39]. The 
life cycle of Cystoisospora belli starts when the non-infective 
immature oocysts containing one or rarely two sporoblasts are 
excreted in the human feces (diagnostic stage). The sporo-
blast then multiplies into two, so each oocyst now contains 
two sporoblasts. The sporoblasts then become sporocysts by 
secreting a cyst wall.

Further division of the sporocysts leads to the formation 
of four sporozoites in each mature oocyst (infective stage). 
Each fully mature oocyst containing two sporocysts and four 
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sporozoites is about 23 - 36 in length and 12 - 15 µm in width. 
These infective mature oocysts of cystoisospora can survive 
in the environment for months. Human infection occurs af-
ter the ingestion of mature oocysts. They travel to the small 
bowel where excystation occurs, releasing their sporozoites. 
The sporozoites enter into the small intestinal epithelial cells, 
where asexual multiplication occurs with the development 
of trophozoites, schizonts, and merozoites. The sexual stage 
starts after about a week with the formation of male and female 
gametocytes. They fertilize to form oocysts to be released into 
the environment through fecal excretion [40].

Pathogenesis

Cystoisospora can cause inflammatory infiltrates of neutro-
phils, lymphocytes, plasma cells, and numerous eosinophils in 
the lamina propria, villous atrophy, and crypt hyperplasia in 
the small intestine [41].

Presentation

Patients generally present with non-bloody, watery diarrhea, 
malaise, and abdominal cramps. The clinical course depends 
on the patient’s immune status. In immunocompetent individu-
als, diarrhea is self-limiting, lasting 7 to 10 days [42]. But in 
immunocompromised individuals, particularly in AIDS pa-
tients, diarrhea can be chronic and severe leading to significant 
dehydration, electrolyte disturbance (hypokalemia, acidosis 
due to bicarbonate loss), and weight loss [43]. The patient may 
also present with steatorrhea due to intestinal villous atrophy 
and fat malabsorption. Acalculous cholecystitis and chronic 
cholecystitis due to cystoisospora have been reported in immu-
nocompromised [44] and immunocompetent individuals [45]. 
Peripheral eosinophilia can occur in cystoisospora infection.

Diagnosis

Cystoisospora can be detected in stool samples. Stool sam-
ples should be collected a few times over a few days because 
of intermittent shedding. Stool samples for routine ova and 
parasites cannot detect cystoisospora. Thin-walled, ellipsoidal 
oocysts can be visible on a simple wet stool smear in heavy 
infection. Preferred detection methods include acid-fast stain-
ing, fluorescent microscopy, and PCR [46, 47]. Cystoisospora 
can also be detected in duodenal aspirate or duodenal biopsy.

Treatment

In immunocompetent individuals, rehydration is the main line of 
therapy. Nevertheless, TMP/SMX (160/800) for 7 to 10 days is 
the treatment of choice in immunocompromised patients. Alter-
native agents include pyrimethamine (50 - 75 mg once a day or 
in divided doses) + folinic acid or leucovorin (10 - 25 mg daily) 
for 14 days and ciprofloxacin (500 mg twice daily) for 1 week.

Amebiasis

Amebiasis or amebic dysentery is a colonic infection caused 
by Entamoeba histolytica. It is the second most common para-
sitic disease worldwide. A few non-pathogenic entamoeba spe-
cies include Entamoeba dispar, Entamoeba coli, E. hartmanni, 
E. polecki, Endolimax nana, Iodamoeba buetschlii and Enta-
moeba bangladeshi [48]. Although amebiasis is widely distrib-
uted worldwide, it is more common in tropical and develop-
ing countries with poor sanitation and fecal contamination of 
water supplies. About 100 million people are affected by E. 
histolytica worldwide, with an annual mortality of more than 
100,000 [49]. In developed countries, it occurs in individuals 
who have traveled back from endemic areas, in persons with 
oral-anal sex or man-to-man sex as a sexually transmitted dis-
ease, and in immunosuppressed and institutionalized persons 
[50]. The primary mode of transmission is fecal-oral, i.e., oral 
intake of contaminated food or water containing cysts of En-
tamoeba histolytica. The life cycle of Entamoeba histolytica 
starts with ingesting their mature cysts present in water, food, 
or hands contaminated with fecal matter. The cysts travel from 
the mouth to the small intestine, where excystation occurs, re-
leasing trophozoites. Trophozoites migrate to the colon where 
they may 1) remain in the colonic lumen (non-invasive infec-
tion) and continue to form cysts that pass in the stool (asymp-
tomatic carriers) or 2) invade the colonic mucosa (amoebic 
colitis) or 3) spread to the extra-intestinal sites (liver, lungs, 
brain) by vascular invasion (extra-intestinal disease) [51]. 
Each Entamoeba mature cyst is usually 12 to 15 µm in diame-
ter, spherical in shape, quadrinucleated, and generally found in 
solid stool. The cysts are resistant to chlorine and can survive 
in the environment with their infectious potential for a few 
days to weeks because of their walls (category B biodefense 
organisms). Each Entamoeba trophozoite usually measures 15 
to 20 µm, looks more elongated, is mononucleated with granu-
lar cytoplasm, and is in loose stool. The trophozoites die read-
ily in the external environment, and even if they are ingested, 
they cannot survive in gastric juice.

Pathogenesis

The trophozoites of E. histolytica compete with colonic mi-
crobiota and adhere to the colonic mucus layer through their 
galactose/N-acetyl-D-galactosamine (Gal/GalNAc) lectin 
(adhesion protein complex), which binds to the abundant ga-
lactose and N-acetyl-D-galactosamine residues of colonic mu-
cin [52]. Subsequently, they breakdown the protective mucus 
layer through their various glycosidases (sialidase, N-acetyl-
galactosaminidase, and N-acetylglucosaminidase), glycoside 
hydrolase β-amylase and cysteine proteinases (amebapores) 
[53]. The secreting proteinases allow the trophozoites to kill 
the host cells and engulf red blood cells. In response, colonic 
goblet cells produce and secrete plenty of MUC2 mucin. A 
lack of MUC2 mucin in the epithelial layer produces pro-in-
flammatory cytokines (interferon (IFN)-γ, tumor necrosis fac-
tor (TNF)-α, and interleukin (IL)-13), inflammation, epithelial 
cytolysis, and apoptosis [54]. The pathogenicity of E. histolyti-
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ca depends on the pathogen-associated molecular pattern of E. 
histolytica as well as the host’s innate immune response (secre-
tory IgA, mucin) to recognize and eliminate E. histolytica [55]. 
Histologically, mucosal edema, thickening, discrete ulcers, and 
sometimes submucosal flask-shaped ulcers are seen. In some 
cases, the trophozoites of E. histolytica can breach the mucosal 
epithelial layer and travel through the portal venous system to 
the liver causing liver abscess, and subsequently through the 
systemic circulation to the lungs, pericardium, brain, and other 
sites causing metastatic amebic abscesses.

Presentation

Many patients (about 90%) can remain asymptomatic. Dysen-
tery (diarrhea with mucus, blood, and hematophagous tropho-
zoites in the stool) is the most common presenting symptom (in 
40% of cases). Patients with amebic colitis may also present 
with grumpy abdominal pain and mild watery or non-bloody 
diarrhea [56]. Certain risk factors can increase the severity and 
mortality. These include alcoholism, corticosteroid use, immu-
nosuppression due to HIV/AIDS, malignancy, malnutrition, 
young age, and pregnancy [57]. Another uncommon presenta-
tion is right lower quadrant pain and mass (ameboma) due to 
hyperplastic granulation tissue formation in the cecum or as-
cending colon. Ameboma generally occurs in partially treated 
or untreated cases of amebic colitis [58]. Other complications 
of amebic colitis include toxic megacolon, necrotizing colitis, 
and fistulizing perianal ulceration. The most common extra-
intestinal manifestation is an amebic liver abscess in 4% of 
patients with amebic colitis [59]. It is mainly seen in the im-
migrant population and travelers from the endemic area. It is 7 
to 12 times more common in adult males than in adult females, 
and peak incidence occurs in the third, fourth, or fifth dec-
ades of life. Alcoholic liver disease, immunosuppression, and 
consumption of indigenously brewed alcohol in the tropics are 
other risk factors for developing amebic liver abscess [60]. The 
classic presentation of an amebic liver abscess includes fever, 
epigastric or right upper quadrant abdominal pain, cough, and 
tender hepatomegaly. An amebic liver abscess can be compli-
cated by rupture into the peritoneal, pleural, and pericardial 
cavity, inferior vena cava thrombosis, pulmonary embolism, 
and dissemination with the formation of brain abscess [61].

Diagnosis

The various diagnostic tests for amebic colitis include: 1) Mi-
croscopic examination of fresh stool sample or rectal swab 
with wet mount, iodine-stain, and trichrome-stain should be 
done three times because of intermittent excretion of trophozo-
ites. The presence of hematophagous trophozoites suggests E. 
histolytica. In only 30% of cases, the organism can be demon-
strated. Again, detecting trophozoites or cysts on microscopy 
cannot differentiate E. histolytica from other non-pathogenic 
Entameba because they can be morphologically indistinguish-
able. 2) Stool for E. histolytica-specific coproantigen by en-
zyme-linked immunosorbent assay (ELISA), immunofluores-

cence, or radioimmunoassay using anti-trophozoite antibodies 
or monoclonal antibody against a specific epitope on E. his-
tolytica [62]. This allows early diagnosis of amebic colitis. 3) 
Stool for E. histolytica-specific nucleic acids by PCR is ac-
curate and rapid with high sensitivity and specificity in diag-
nosing both colonic and extra-colonic amebiasis [63]. Loop-
mediated isothermal amplification (LAMP) can be used to 
diagnose E. histolytica for epidemiological purposes as it is a 
rapid, accurate, and valuable diagnostic tool [64]. 4) Serology: 
E. histolytica-specific antibody can be detected in the serum 
by enzyme immunoassay (EIA), ELISA, or indirect hemag-
glutination test (IHA) and is positive in up to 90% of cases of 
amebic colitis [65]. However, in endemic areas, this antibody 
can be persistently positive from previous infections in 35% 
of residents. 5) Colonoscopy may show edematous mucosa 
with bloody exudates, erosions, and multiple discrete “flask-
like” ulcers in the cecum, ascending colon, and rectum [66]. A 
biopsy may show mucosal ulcer, granulation tissue, necrosis, 
exudate, hemorrhage, and many trophozoites with phagocy-
tosed erythrocytes [67].

Laboratory studies in amebic liver abscesses may show 
leucocytosis (in 75% of cases) and abnormal liver function 
tests with elevated transaminases and alkaline phosphatase. 
Imaging studies (ultrasonography - hypo-echoic mass, com-
puted tomography (CT) - hypodense mass with peripheral 
rim enhancing, or magnetic resonance imaging (MRI) - (hy-
pointensity on T1-weighted image and hyperintensity on T2-
weighted image) typically show a solitary abscess in the right 
hepatic lobe near the liver capsule [68]. Serology for E. histol-
ytica-specific antibody and E. histolytica galactose lectin anti-
gen by EIA can be positive in 95% and 75% of cases of amebic 
hepatitis. Concomitant diarrhea may be present in 10-35% of 
cases. Aspiration of the liver abscess may show acellular pro-
teinaceous debris surrounded by a few trophozoites [69]. The 
current diagnosis of amebic liver abscess is a combination of 
serology, imaging, and histology.

Treatment

Pharmacologic treatment is given for the cure and prevention 
of amebiasis. A 10-day course of luminal agents like paro-
momycin, diloxanide furoate, or diiodohydroxyquin treats 
non-invasive infections or cyst passers. Nitroimidazoles are 
the main line of amoebic colitis or extra-intestinal amebiasis 
treatment: metronidazole 500 to 750 mg three times daily for 
5 to 10 days or tinidazole 2 g daily for 3 days. In a Cochrane 
database systemic review, tinidazole was found to be more ef-
fective in reducing clinical failure and associated with fewer 
side effects than metronidazole [70]. Amoebic liver abscess 
is treated by a course of nitroimidazole followed by a course 
of luminal amebicide - diloxanide furoate 500 mg three times 
daily for 10 days or paromomycin 500 mg orally three times 
daily for 5 to 10 days or diiodohydroxyquin 650 mg orally 
three times daily for 21 days [57]. Nevertheless, there are cer-
tain indications of percutaneous aspiration (ultrasound-guided 
needle aspiration or percutaneous catheter drainage) of amebic 
liver abscess. These include: 1) Failure of clinical response to 
antibiotics in 5 to 7 days; 2) Failure of resolution of liver ab-
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scess by medical treatment (15% of cases); 3) Abscess with 
a high risk of rupture (location in the left lobe of the liver or 
cavitary diameter > 5 cm); and 4) Amebic liver abscess with 
bacterial co-infection [71].

Enterobiasis

Enterobiasis (oxyuriasis) is caused by Enterobius vermicu-
laris, also known as human pinworm or seat worm. It is the 
most common worm/helminthic infection in the United States. 
About 40 million people in the USA are infected with Entero-
bius vermicularis. It is most commonly seen in children, in-
stitutionalized individuals, homosexual men, and household 
members of infected persons [72]. It is two times more com-
mon in males than in females. It is a tiny thread-like white 
roundworm; a fully mature adult male worm measures 2 to 5 
mm, and a fully mature adult female worm is 8 to 13 mm with 
a characteristic pointed pin-like tail. The most common mode 
of transmission is fecal-oral. The other ways of transmission 
include: 1) direct contact with viable pinworm eggs that may 
be present in the environmental dust and on the contaminated 
bedclothes, linen, pajamas, carpets, curtains, cat and dog fur, 
furniture, and other environmental objects; 2) transfer of eggs 
from hands to mouth after scratching the anal canal and peri-
anal area - self-inoculation/autoinfection; 3) hatching of eggs 
in the anal canal followed retrograde migration of larvae into 
the sigmoid colon and cecum - retro-infection; and 4) sexual 
contact, particularly during oro-anal sex [73]. The life cycle of 
Enterobius vermicularis starts after the ingestion of embryo-
nated eggs. Larvae hatch in the duodenum, and in 1 - 2 months, 
they develop into adult worms. The adult worms reside mainly 
in the cecum, ascending colon, and appendix. The male and fe-
male adult worms copulate, but the male worms die soon after 
copulation. On the other hand, the female worm has a life span 
of about 100 days. When the host sleeps at night, the gravid 
female worms migrate to the anal canal, depositing thousands 
of eggs and causing itching.

Presentation

Patients may remain asymptomatic. The usual presentation is 
anal or perianal itching [74]. The examination may reveal peri-
anal erythema due to dermatitis. Patients may also present with 
acute abdominal pain secondary to Enterobius appendicitis 
[75]. Unusual cases of urinary tract infection and female geni-
tal tract infection due to pinworm have been reported [76, 77].

Diagnosis

There are three ways of diagnosing pinworm infection. The 
classic Scotch tape test is the best. It involves collecting pin-
worm eggs from the perianal area by touching the perianal skin 
with transparent sticky tape and removing it immediately early 
in the morning before a bowel movement and washing. In the 
lab, the tape is examined under the microscope, placing the 

sticky side down to a suitable tape. The Scotch test should be 
done on three consecutive mornings. The second one is exam-
ining the perianal area to look for worms 2 - 3 h after going 
to sleep. The third one is the microscopic examination of the 
samples from under fingernails to look for pinworm eggs [78].

Treatment

Pyrantel pamoate (11 mg/kg, maximum 1 g/dose orally as a 
single dose) is most commonly used to treat pinworm infec-
tion in the United States. However, the pinworm is also sus-
ceptible to mebendazole (100 mg orally as a single dose) and 
albendazole (400 mg orally as a single dose in an empty stom-
ach). The single-dose treatment should be repeated in 2 weeks. 
Empiric treatment can be offered in case of high clinical sus-
picion. Nevertheless, in case of a definitive diagnosis, the 
patient and his/her all household members, including sexual 
partners, should be simultaneously treated. Pyrantel pamoate 
is the preferred drug during pregnancy, as mebendazole and 
albendazole should be avoided during the first trimester. All 
the bedclothes should be laundered, and attention should be 
given to proper hygienic measures to prevent auto-infection 
and re-infection [79].

Ascariasis

Ascariasis is an intestinal roundworm infection caused by As-
caris lumbricoides. It is the largest roundworm that infects 
humans and is the most common helminthic infection world-
wide. More than one billion people suffer from ascariasis, 
mainly in the tropical and subtropical regions of the world 
(SSA, East Asia, China, and Latin America) where there is 
poor sanitation and local soil is contaminated with human 
feces, but it is uncommon in the USA. The adult female worm 
is 20 to 35 cm long with a straight tail, the adult male worm 
is 15 to 30 cm long with a curved tail, and each of them has 
a diameter of 6 mm. The life cycle of Ascaris lumbricoides 
starts when thousands of eggs are excreted through human 
feces into the soil. Unfertilized eggs are not infective. The 
eggs need to be fertilized, and then they become embryonated 
and infective with the development of larvae inside the eggs 
after 2 - 4 weeks under optimal conditions like humid, shaded, 
warm, and moist soil. A human can accidentally ingest this 
infective egg-contaminated soil through uncooked vegetables 
and fruits or hand-to-mouth contact. In the small intestine, the 
larvae hatch from the eggs, invade the intestinal mucosa and 
migrate to the liver via the portal circulation and to the lungs 
via the systemic circulation within the first week. After fur-
ther maturation in the lungs for 10 to 14 days, the larvae pen-
etrate the alveolar walls, travel up the tracheobronchial tree 
into the throat, and then get swallowed back into the small 
intestine. Continued maturation of the larvae in the small in-
testine leads to the development of male and female worms. 
They copulate in the small intestine. The gravid female can 
lay about 200,000 eggs a day. The longevity of adult worms is 
about 1 - 2 years [80].
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Presentation

Most of the patients with ascariasis are asymptomatic. Symp-
tomatic patients generally present with abdominal pain, bloat-
ing, anorexia, nausea, vomiting, and occasional diarrhea. 
However, a heavy infestation can cause nutritional deficiency 
(and growth retardation in children), intestinal obstruction, 
intestinal perforation, appendicitis, volvulus, and intussuscep-
tion. Adult worms can block the biliary tree or pancreatic duct, 
causing cholangitis, cholecystitis, and pancreatitis [81, 82]. 
The patient may also develop pneumonitis and eosinophilia 
(Loeffler syndrome) during the migration of larvae into the 
lungs and present with cough, wheezing, shortness of breath, 
fever, and hemoptysis [83].

Diagnosis

Stool microscopy to look at Ascaris eggs is the standard meth-
od of diagnosing ascariasis. Laboratory studies may show 
peripheral eosinophilia. In a plain abdomen X-ray, the adult 
worms can be visible as they contrast against bowel gas (whirl-
pool effect). Ultrasound, CT, MRI, and endoscopy may locate 
the adult worms in the bile duct or pancreatic duct.

Treatment

The medications of choice include albendazole (a single dose 
of 400 mg) or mebendazole (100 mg twice daily for 3 days or 
a single dose of 500 mg). As a single dose, ivermectin, 100 
to 200 µm/kg, is moderately effective against Ascaris lumbri-
coides [84]. Pyrantel pamoate (11 mg/kg/day up to 1 g as a 
single dose) is the drug of choice during pregnancy. Another 
option is piperazine 75 mg/kg as a single dose or 50 mg/kg 
daily for 5 days. As these medications are adult worm killers, 
treatment should be repeated after 1 - 3 months to allow the 
larvae to be matured into adults. In case of partial small bowel 
obstruction, the patient should be kept nothing by mouth, a 
nasogastric tube should be placed, and an intravenous infusion 
of fluid and anthelmintic medication should be given. Surgical 
intervention should be done with laparotomy and enterotomy 
in case of total small bowel obstruction. Resection of small 
bowel with re-anastomosis may be needed in case of bowel 
wall necrosis. After surgery, the patient should be treated with 
anthelmintics.

Trichuriasis

Trichuriasis is the third most common soil-transmitted intes-
tinal helminthic infection caused by the roundworm Trichuris 
trichiura, also known as human whipworm. It is so called be-
cause of its “whip-like” shape with a thin anterior esophagus 
and a thick posterior anal end. The thin anterior end becomes 
embedded in colonic crypts. The worms are 3 to 5 cm long, 
with females larger than males [85]. According to CDC, about 
one billion people are infected with whipworms. Trichuriasis 

occurs worldwide but is most common in moist, warm, tropi-
cal, and subtropical countries (Asia, Africa, and South Ameri-
ca) where poor there is poor sanitation and soil is contaminated 
with human or animal feces. It is also found in the southeastern 
parts of the United States. Persons with trichuriasis are fre-
quently coinfected with ascariasis because of similar environ-
mental risk factors. The life cycle of Trichuris trichiura starts 
when unembryonated eggs are excreted through the feces into 
the soil. The eggs are barrel-shaped, measuring about 50 - 55 
µm by 20 - 25 µm, and thick-shelled with a characteristic plug 
at each end [86]. In the soil, the eggs mature into a cleavage 
stage, then become embryonated (infective stage) in 2 to 4 
weeks. Humans become infected after ingesting embryonated 
eggs through food and water contaminated with feces. Those 
eggs hatch in the small intestine releasing larvae. They mature 
into adult worms and travel to the cecum and ascending colon, 
establishing themselves by anchoring to the crypts. Adult fe-
male worms lay 3,000 to 20,000 eggs per day. The longevity of 
adult worms is about 1 year.

Presentation

The clinical manifestations depend on the worm’s burden. Pa-
tients with light infection remain asymptomatic [87]. Heavy 
worm load may cause abdominal discomfort or pain, trichuris 
dysentery (mucoid diarrhea with rectal bleeding), and rectal 
prolapse [88]. Children may develop iron deficiency anemia, 
growth retardation, and impaired cognition [89].

Diagnosis

Stool microscopy can find the eggs of Trichuris trichiura. 
WHO recommends using two slides per sample and quantify-
ing eggs per unit weight of stool using the Kato-Katz method 
[87, 90].

Stool examination may also show red and white blood 
cells, particularly eosinophils. A colonoscopy can be an excel-
lent diagnostic tool to visualize the adult worms in the right co-
lon if the worm load is mild with male worms without any egg 
in the stool [91]. A complete blood count may show anemia.

Treatment

Trichuriasis is usually treated with mebendazole 100 mg twice 
daily or albendazole 200 to 400 mg twice daily for 3 days. 
Mebendazole is considered the first-line treatment as it is more 
effective than albendazole. They work by inhibiting the tubu-
lin polymerization of worms [92]. Ivermectin 200 µm/kg/day 
orally for 3 days has also found to be effective against trichu-
riasis.

Ancylostomiasis

Ancylostomiasis is a hookworm infection caused by Ancylos-
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toma duodenale, Necator americanus, and Ancylostoma cey-
lanicum. It is common in developing countries with tropical 
and subtropical climates, particularly in sandy, moist soils and 
rural areas with poor sanitation. About 576 to 740 million peo-
ple are infected by hookworms worldwide [93]. Ancylostoma 
duodenale and Necator americanus are the major hookworms, 
and humans are the primary host. Ancylostoma ceylanicum is 
an animal hookworm that can penetrate human skin, causing 
cutaneous larva migrans. Adult Ancylostoma duodenale males 
are 7 to 9 mm long, females are 9 to 11 mm long, and their 
width is 0.2 to 0.5 mm. Adult Necator americanus worms are 
slightly smaller than adult Ancylostoma duodenale. They are 
characterized by the presence of cutting plates or teeth that 
line their buccal capsules. They are called hookworms as their 
heads are sharply bent backward, giving the appearance of 
hooks. The life cycle of hookworms starts when thousands of 
eggs are excreted through human feces into the soil. Rhabditi-
form larvae are released from the eggs in 1 to 2 days in warm, 
moist, and shady soil. These larvae molt twice to become in-
fective filariform larvae (third-stage larvae or L3) in 5 to 10 
days. Humans become infected when L3 (600 µm in length) ei-
ther penetrates through the skin of bare feet (both Ancylostoma 
duodenale and Necator americanus) or get ingested (Ancylos-
toma duodenale) [94]. The L3 travels from the skin to the heart 
and the lungs via the vascular system. During migration into 
the lungs, type I hypersensitivity reaction occurs within the al-
veoli (Loeffler syndrome). Then the L3 penetrates the alveolar 
walls, travels up the tracheobronchial tree to the pharynx, and 
is swallowed. They travel to the distal jejunum, where they 
mature into adult worms. The adult hookworms attach to the 
jejunal walls by their sharp and curved cutting plates and suck 
blood for nourishment leading to iron deficiency anemia [95]. 
Blood loss also occurs due to the oozing of blood at the site 
of attachment of the hookworms. Necator americanus causes 
less blood loss than Ancylostoma duodenale. The female worm 
lays up to 3,000 eggs per day. Eggs are colorless, thin-shelled, 
measuring 60 - 75 µm by 35 - 40 µm. The life span of adult 
hookworms is 1 to 2 years, but it can be several years.

Presentation

Patients may remain asymptomatic in light infection. How-
ever, in heavy infection, patients may be fatigued due to iron 
deficiency anemia, abdominal pain, distension, and diarrhea. 
Rarely, patients may complain of localized itching and skin 
rash at the filariform larvae penetration site, indicating the first 
symptoms and signs of infection. During pulmonary migration 
of larvae, patients may develop Loeffler syndrome - a triad of 
pulmonary symptoms (cough, wheezing, hemoptysis), migra-
tory pulmonary eosinophilic infiltrates, and peripheral eosino-
philia.

Diagnosis

Ancylostomiasis is generally diagnosed by stool microscopy 
to identify hookworm eggs. The Kato-Katz technique can 

quantify the eggs per unit weight of stool that can indirectly 
measure stool burden. A complete blood count may show pe-
ripheral eosinophilia [96]. Capsule endoscopy may also detect 
adult worms in the jejunum.

Treatment

Albendazole and mebendazole are the drugs of choice for treat-
ing ancylostomiasis. A single dose of albendazole 400 mg or 
mebendazole 100 mg twice daily for 3 days or pyrantel pamo-
ate 11 mg/kg (up to 1 g) per day for 3 days are good options to 
eradicate ancylostomiasis [97]. Patients should be given iron 
supplementation if there is iron deficiency anemia.

The various treatment modalities of IPIs are summarized 
in Table 2.

Prevention of IPI

Improvement of personal hygiene, environmental sanitation, 
health education, and availability of potable water are essential 
measures for long-term control of IPI. Hand hygiene should 
be maintained as the fecal-oral route is the primary mode of 
transmission of intestinal protozoal infections and most of the 
geohelminths. Adults and children should wash their hands 
with soap and water before eating. Uncooked food, unwashed 
fruits, green vegetables, and salads should be avoided in en-
demic areas. Raw vegetables should be washed with clean wa-
ter, peeled, and cooked before eating. Food handlers should be 
checked for IPI and educated about maintaining proper person-
al hygiene. Food should be properly cooked to the appropriate 
temperature as recommended. People should avoid drinking 
water from ponds, lakes, and streams. During traveling, peo-
ple should drink bottled water or clean water. There should be 
proper disposal of human waste. People should avoid soil con-
taminated with human feces. In endemic areas, people should 
use footwear to avoid exposure to infective larvae, and there 
should be latrine facilities [94]. Mass treatment of the popula-
tion in endemic regions with different anthelmintics has been 
associated with diminished efficacy, resistance, and recurrence 
[98-100]. One old study suggested that mass treatment with 
anthelmintics every 4 months, three times a year for 3 years, 
could be most effective in controlling intestinal worms [101].

Pathways to Investigate Patients in Whom IPI is Sus-
pected

Stool test: Stool microscopy (wet mount preparation, tri-
chrome stain, formalin-ethyl acetate concentrate, or rapid fe-
cal concentration method/Feconomics) is the most common 
way of detecting IPIs. Stool should be collected before giv-
ing any antibiotics or anti-parasitic agents or doing any con-
trast-enhanced imaging. The sample should be collected three 
times over several days and refrigerated until delivered to the 
laboratory. Modified acid-fast should be done or requested if 
cryptosporidiosis, cyclosporiasis and cystoisosporiasis are sus-
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pected. Stool for giardia antigen should be ordered in the initial 
workup. Stool for BioFire GI panel should also be considered 
if available as it uses PCR technology to diagnose 22 common 
GI pathogens. It has been shown to reduce patient and hospital 
cost in the investigation of infectious diarrhea.

Blood test: Complete blood count may show peripheral 
eosinophilia and anemia. Serology for E. histolytica-specific 
antibody can be considered in non-endemic areas if amebic 
colitis is suspected.

Scotch tape test, perianal examination and microscopic 
examination of the samples from under fingernails should be 
considered if enterobiasis is suspected.

Imaging studies: Plain X-ray abdomen, CT or MRI can be 
useful in detecting Ascaris lumbricoides.

Role of endoscopy: Upper endoscopy with duodenal bi-
opsy is rarely done to diagnose giardiasis particularly in im-
munocompromised patients in case of unexplained diarrhea. 
Video capsule endoscopy can detect Ancylostoma in the small 
bowel. Colonoscopy can show “flask-shaped ulcers” in ame-
bic colitis, and find Ascaris lumbricoides, Trichuris trichiura 
and Enterobius vermicularis.

Summary

Although IPI is mainly seen in developing countries with trop-
ical and subtropical climates, it is virtually distributed world-
wide and is increasingly observed in developed countries. In 
developed countries, intestinal protozoal infections are more 
common than helminthic infections. Giardiasis is the most 
common intestinal protozoal infection, and enterobiasis is the 
most common helminthic infection in developed countries. 
There are certain similarities in the life cycles of intestinal pro-

tozoal infections. The human being ingests cysts excreted in 
the stool. Excystation occurs in the small intestine releasing 
many trophozoites or sporozoites. Asexual multiplication fol-
lowed by encystation occurs in the intestine with subsequent 
fecal excretion of cysts.

There is also a similarity in the life cycles of Enterobius 
vermicularis and Trichuris trichiura. Humans get infected after 
the ingestion of eggs through the fecal-oral route. Hatching of 
the eggs occurs in the small intestine with larvae release. They 
mature into adult worms which reside mainly in the cecum and 
ascending colon. The gravid females release eggs from there. 
There is an additional pulmonary stage in ascariasis and ancy-
lostomiasis life cycles. In the case of ascariasis, infective eggs 
ingested by human beings hatch larvae in the small intestine. 
They penetrate the mucosal layer and, through the circulation, 
migrate to the lungs, where they mature, and then they ascend 
the tracheobronchial tree into the pharynx. They are then swal-
lowed back into the small intestine, where they mature into 
adult forms. After copulation, the gravid females lay thousands 
of eggs. On the other hand, ancylostomiasis occurs when the 
non-infective larvae released from fecally excreted eggs mature 
in the soil to become infective larvae which penetrate human 
skin. They migrate to the lungs, travel up the tracheobronchial 
tree into the pharynx, and are finally swallowed back into the 
small intestine. They mature into adult worms, and the gravid 
female worms start laying eggs there. Intestinal protozoal in-
fections generally cause diarrhea except for amebiasis, which 
usually presents with amebic dysentery. Intestinal helminthic 
infections have a variety of presentations like anal or perianal 
itching in case of enterobiasis; abdominal pain, nausea, vomit-
ing, nutritional deficiency, and intestinal obstruction in case of 
ascariasis; dysentery and rectal prolapse in trichuriasis; iron 
deficiency anemia, localized itching, and skin rash in case of 

Table 2.  Treatment Modalities of IPIs

Intestinal parasites Treatment
Giardiasis Metronidazole orally 500 - 750 mg/day for 5 - 10 days, or tinidazole orally 1 - 2 g single dose.
Cryptosporidiosis Nitazoxanide orally 500 mg twice daily for 3 days if no improvement of diarrhea.
Blastocystosis Metronidazole orally 250 - 750 mg thrice daily or 1,500 mg once daily for 10 days, or TMP 160 mg/SMX 800 mg  

twice daily for 7 days or TMP 320 mg/SMX 1,600 mg once daily for 7 days.
Cyclosporiasis TMP 160 mg/SMX 800 mg orally twice daily for 7 - 10 days.
Cystoisosporiasis TMP 160 mg/SMX 800 mg orally twice daily for 7 - 10 days. TMP 160 mg/SMX 800 mg orally twice daily for 7 - 10  

days.
Amebiasis Amebic colitis or extra-intestinal amebiasis: metronidazole 500 - 750 mg thrice daily for 5 - 10 days or tinidazole 2 

g daily for 3 days followed by a course of luminal amebicide - diloxanide furoate 500 mg thrice daily for 10 days or 
paromomycin 500 mg orally thrice daily for 5 - 10 days or diiodohydroxyquin 650 mg orally thrice daily for 21 days.

Enterobiasis Albendazole 400 mg orally as a single dose; repeat in 2 weeks or mebendazole 100 mg orally as a single dose; repeat 
in 2 weeks, pyrantel pamoate 11 mg/kg of body weight, not to exceed 1 g, as a single dose; repeat in 2 weeks.

Ascariasis Albendazole 400 mg orally as a single dose or mebendazole 100 mg orally twice a day for consecutive 3 days.
Trichuriasis Mebendazole 100 mg orally twice a day for consecutive 3 days or albendazole 400 mg orally daily for consecutive 3  

days or ivermectin 200 µg/kg/day orally for consecutive 3 days.
Ancylostomiasis Albendazole 400 mg orally as a single dose or mebendazole 100 mg orally twice a day for consecutive 3 days or  

pyrantel pamoate 11 mg/kg (up to a maximum of 1 g) orally daily for consecutive 3 days.

IPIs: intestinal parasitic infections; SMX: sulfamethoxazole; TMP: trimethoprim.
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ancylostomiasis. Loeffler syndrome is unique to ascariasis and 
ancylostomiasis.

Stool microscopy (wet mount preparation and trichrome 
stained smear) can detect protozoan trophozoites, cysts, oocysts, 
helminth eggs, and larvae, and is the primary way of diagnosing 
intestinal protozoal and helminthic infections, except crypto-
sporidiosis, cyclosporiasis and cystoisosporiasis, which are de-
tected by modified acid-fast stain of stool; Cyclospora oocysts 
appear blue or green under fluorescent microscopy, and Entero-
bius vermicularis eggs are detected by Scotch tape test.

Acknowledgments

None to declare.

Financial Disclosure

None to declare.

Conflict of Interest

None to declare.

Author Contributions

Monjur Ahmed solely contributed to the work.

Data Availability

The author declares that data supporting the findings of this 
study are available within the article.

References

1. Kamau P, Aloo-Obudho P, Kabiru E, Ombacho K, Lan-
gat B, Mucheru O, Ireri L. Prevalence of intestinal para-
sitic infections in certified food-handlers working in food 
establishments in the City of Nairobi, Kenya. J Biomed 
Res. 2012;26(2):84-89. doi pubmed pmc

2. World Health Organization. Global distribution and prev-
alence of soil-transmitted helminth infections. Geneva: 
World Health Organization key fact sheet. 2020.

3. Harp JA. Parasitic infections of the gastrointestinal tract. 
Curr Opin Gastroenterol. 2003;19(1):31-36. doi pubmed

4. Kucik CJ, Martin GL, Sortor BV. Common intestinal par-
asites. Am Fam Physician. 2004;69(5):1161-1168. pub-
med

5. Minetti C, Chalmers RM, Beeching NJ, Probert C, Lam-
den K. Giardiasis. BMJ. 2016;355:i5369. doi pubmed

6. Haque R. Human intestinal parasites. J Health Popul 
Nutr. 2007;25(4):387-391. pubmed pmc

7. Lauwaet T, Davids BJ, Reiner DS, Gillin FD. Encystation 

of Giardia lamblia: a model for other parasites. Curr Opin 
Microbiol. 2007;10(6):554-559. doi pubmed pmc

8. Vivancos V, Gonzalez-Alvarez I, Bermejo M, Gonza-
lez-Alvarez M. Giardiasis: characteristics, pathogenesis 
and new insights about treatment. Curr Top Med Chem. 
2018;18(15):1287-1303. doi pubmed

9. Koot BG, ten Kate FJ, Juffrie M, Rosalina I, Taminiau 
JJ, Benninga MA. Does Giardia lamblia cause villous 
atrophy in children? A retrospective cohort study of the 
histological abnormalities in giardiasis. J Pediatr Gastro-
enterol Nutr. 2009;49(3):304-308. doi pubmed

10. Troeger H, Epple HJ, Schneider T, Wahnschaffe U, Ul-
lrich R, Burchard GD, Jelinek T, et al. Effect of chronic 
Giardia lamblia infection on epithelial transport and bar-
rier function in human duodenum. Gut. 2007;56(3):328-
335. doi pubmed pmc

11. Onbasi K, Gunsar F, Sin AZ, Ardeniz O, Kokuludag A, Se-
bik F. Common variable immunodeficiency (CVID) pre-
senting with malabsorption due to giardiasis. Turk J Gas-
troenterol. 2005;16(2):111-113. pubmed

12. Hooshyar H, Rostamkhani P, Arbabi M, Delavari M. Gi-
ardia lamblia infection: review of current diagnostic strat-
egies. Gastroenterol Hepatol Bed Bench. 2019;12(1):3-
12. pubmed pmc

13. Giardia - diagnosis and treatment information for medi-
cal professionals. http//www.cdc.gov>giardia>medical 
professionals.

14. Gardner TB, Hill DR. Treatment of giardiasis. Clin Mi-
crobiol Rev. 2001;14(1):114-128. doi pubmed pmc

15. Gerace E, Lo Presti VDM, Biondo C. Cryptosporidium In-
fection: Epidemiology, Pathogenesis, and Differential Di-
agnosis. Eur J Microbiol Immunol (Bp). 2019;9(4):119-
123. doi pubmed pmc

16. Kumar A, Chatterjee I, Anbazhagan AN, Jayawardena D, 
Priyamvada S, Alrefai WA, Sun J, et al. Cryptosporidium 
parvum disrupts intestinal epithelial barrier function via 
altering expression of key tight junction and adherens 
junction proteins. Cell Microbiol. 2018;20(6):e12830. doi 
pubmed pmc

17. Argenzio RA, Liacos JA, Levy ML, Meuten DJ, Lecce 
JG, Powell DW. Villous atrophy, crypt hyperplasia, cel-
lular infiltration, and impaired glucose-Na absorption 
in enteric cryptosporidiosis of pigs. Gastroenterology. 
1990;98(5 Pt 1):1129-1140. doi pubmed

18. Denkinger CM, Harigopal P, Ruiz P, Dowdy LM. 
Cryptosporidium parvum-associated sclerosing chol-
angitis in a liver transplant patient. Transpl Infect Dis. 
2008;10(2):133-136. doi pubmed

19. Dziuban EJ, Liang JL, Craun GF, Hill V, Yu PA, Paint-
er J, Moore MR, et al. Surveillance for waterborne dis-
ease and outbreaks associated with recreational wa-
ter—United States, 2003-2004. MMWR Surveill Summ. 
2006;55(12):1-30. pubmed

20. Fox LM, Saravolatz LD. Nitazoxanide: a new thiazolide 
antiparasitic agent. Clin Infect Dis. 2005;40(8):1173-
1180. doi pubmed

21. Tan KS. New insights on classification, identification, 
and clinical relevance of Blastocystis spp. Clin Microbiol 
Rev. 2008;21(4):639-665. doi pubmed pmc

https://www.doi.org/10.1016/S1674-8301(12)60016-5
http://www.ncbi.nlm.nih.gov/pubmed/23554735
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3597323
https://www.doi.org/10.1097/00001574-200301000-00005
http://www.ncbi.nlm.nih.gov/pubmed/15699890
http://www.ncbi.nlm.nih.gov/pubmed/15023017
http://www.ncbi.nlm.nih.gov/pubmed/15023017
https://www.doi.org/10.1136/bmj.i5369
http://www.ncbi.nlm.nih.gov/pubmed/27789441
http://www.ncbi.nlm.nih.gov/pubmed/18402180
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2754014
https://www.doi.org/10.1016/j.mib.2007.09.011
http://www.ncbi.nlm.nih.gov/pubmed/17981075
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2709507
https://www.doi.org/10.2174/1568026618666181002095314
http://www.ncbi.nlm.nih.gov/pubmed/30277155
https://www.doi.org/10.1097/MPG.0b013e31818de3c4
http://www.ncbi.nlm.nih.gov/pubmed/19525873
https://www.doi.org/10.1136/gut.2006.100198
http://www.ncbi.nlm.nih.gov/pubmed/16935925
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1856804
http://www.ncbi.nlm.nih.gov/pubmed/16252205
http://www.ncbi.nlm.nih.gov/pubmed/30949313
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6441489
https://www.doi.org/10.1128/CMR.14.1.114-128.2001
http://www.ncbi.nlm.nih.gov/pubmed/11148005
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC88965
https://www.doi.org/10.1556/1886.2019.00019
http://www.ncbi.nlm.nih.gov/pubmed/31934363
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6945992
https://www.doi.org/10.1111/cmi.12830
http://www.ncbi.nlm.nih.gov/pubmed/29444370
http://www.ncbi.nlm.nih.gov/pubmed/29444370
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5980709
https://www.doi.org/10.1016/0016-5085(90)90325-u
http://www.ncbi.nlm.nih.gov/pubmed/2323506
https://www.doi.org/10.1111/j.1399-3062.2007.00245.x
http://www.ncbi.nlm.nih.gov/pubmed/17605744
http://www.ncbi.nlm.nih.gov/pubmed/17183230
https://www.doi.org/10.1086/428839
http://www.ncbi.nlm.nih.gov/pubmed/15791519
https://www.doi.org/10.1128/CMR.00022-08
http://www.ncbi.nlm.nih.gov/pubmed/18854485
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2570156


Articles © The authors   |   Journal compilation ©  Gastroenterol Res and Elmer Press Inc™   |   www.gastrores.org138

IPIs in 2023  Gastroenterol Res. 2023;16(3):127-140

22. El Safadi D, Cian A, Nourrisson C, Pereira B, Morelle C, 
Bastien P, Bellanger AP, et al. Prevalence, risk factors for 
infection and subtype distribution of the intestinal para-
site Blastocystis sp. from a large-scale multi-center study 
in France. BMC Infect Dis. 2016;16(1):451. doi pubmed 
pmc

23. Zaman V, Howe J, Ng M. Ultrastructure of Blastocystis 
hominis cysts. Parasitol Res. 1995;81(6):465-469. doi 
pubmed

24. Stenzel DJ, Boreham PF, McDougall R. Ultrastructure of 
Blastocystis hominis in human stool samples. Int J Para-
sitol. 1991;21(7):807-812. doi pubmed

25. Wang W, Bielefeldt-Ohmann H, Traub RJ, Cuttell L, 
Owen H. Location and pathogenic potential of Blastocys-
tis in the porcine intestine. PLoS One. 2014;9(8):e103962. 
doi pubmed pmc

26. Ajjampur SS, Tan KS. Pathogenic mechanisms in Blasto-
cystis spp. - Interpreting results from in vitro and in vivo 
studies. Parasitol Int. 2016;65(6 Pt B):772-779. doi pub-
med

27. Valsecchi R, Leghissa P, Greco V. Cutaneous lesions 
in Blastocystis hominis infection. Acta Derm Venereol. 
2004;84(4):322-323. doi pubmed

28. Elghareeb AS, Younis MS, El Fakahany AF, Nagaty IM, 
Nagib MM. Laboratory diagnosis of Blastocystis spp. in 
diarrheic patients. Trop Parasitol. 2015;5(1):36-41. doi 
pubmed pmc

29. Padukone S, Mandal J, Rajkumari N, Bhat BV, Swamina-
than RP, Parija SC. Detection of Blastocystis in clinical 
stool specimens using three different methods and mor-
phological examination in Jones' medium. Trop Parasitol. 
2018;8(1):33-40. doi pubmed pmc

30. Coyle CM, Varughese J, Weiss LM, Tanowitz HB. 
Blastocystis: to treat or not to treat. Clin Infect Dis. 
2012;54(1):105-110. doi pubmed

31. Sekar U, Shanthi M. Blastocystis: Consensus of treatment 
and controversies. Trop Parasitol. 2013;3(1):35-39. doi 
pubmed pmc

32. Kick G, Rueff F, Przybilla B. Palmoplantar pruritus sub-
siding after Blastocystis hominis eradication. Acta Derm 
Venereol. 2002;82(1):60. doi pubmed

33. Almeria S, Cinar HN, Dubey JP. Cyclospora cayetan-
ensis and Cyclosporiasis: An Update. Microorganisms. 
2019;7(9):317. doi pubmed pmc

34. Ortega YR, Nagle R, Gilman RH, Watanabe J, Miyagui 
J, Quispe H, Kanagusuku P, et al. Pathologic and clini-
cal findings in patients with cyclosporiasis and a descrip-
tion of intracellular parasite life-cycle stages. J Infect Dis. 
1997;176(6):1584-1589. doi pubmed

35. Garcia LS, Arrowood M, Kokoskin E, Paltridge GP, Pil-
lai DR, Procop GW, Ryan N, et al. Practical guidance for 
clinical microbiology laboratories: laboratory diagnosis 
of parasites from the gastrointestinal tract. Clin Microbiol 
Rev. 2018;31(1):e00025-17. doi pubmed pmc

36. Verdier RI, Fitzgerald DW, Johnson WD, Jr., Pape JW. 
Trimethoprim-sulfamethoxazole compared with cipro-
floxacin for treatment and prophylaxis of Isospora belli 
and Cyclospora cayetanensis infection in HIV-infected 
patients. A randomized, controlled trial. Ann Intern Med. 

2000;132(11):885-888. doi pubmed
37. Diaz E, Mondragon J, Ramirez E, Bernal R. Epide-

miology and control of intestinal parasites with nita-
zoxanide in children in Mexico. Am J Trop Med Hyg. 
2003;68(4):384-385. pubmed

38. DuPont HL, Capsuto EG. Persistent diarrhea in travelers. 
Clin Infect Dis. 1996;22(1):124-128. doi pubmed

39. Forthal DN, Guest SS. Isospora belli enteritis in three ho-
mosexual men. Am J Trop Med Hyg. 1984;33(6):1060-
1064. doi pubmed

40. Dubey JP, Almeria S. Cystoisospora belli infec-
tions in humans: the past 100 years. Parasitology. 
2019;146(12):1490-1527. doi pubmed

41. Brandborg LL, Goldberg SB, Breidenbach WC. Hu-
man coccidiosis—a possible cause of malabsorption. 
N Engl J Med. 1970;283(24):1306-1313. doi pubmed

42. Gellin BG, Soave R. Coccidian infections in AIDS. Toxo-
plasmosis, cryptosporidiosis, and isosporiasis. Med Clin 
North Am. 1992;76(1):205-234. doi pubmed

43. Kim MJ, Kim WH, Jung HC, Chai JW, Chai JY. Isos-
pora belli infection with chronic diarrhea in an alcoholic 
patient. Korean J Parasitol. 2013;51(2):207-212. doi pub-
med pmc

44. Benator DA, French AL, Beaudet LM, Levy CS, Oren-
stein JM. Isospora belli infection associated with acal-
culous cholecystitis in a patient with AIDS. Ann Intern 
Med. 1994;121(9):663-664. doi pubmed

45. Takahashi H, Falk GA, Cruise M, Morris-Stiff G. Chronic 
cholecystitis with Cystoisospora belli in an immunocom-
petent patient. BMJ Case Rep. 2015;2015:bcr2015209966. 
doi pubmed pmc

46. Bialek R, Binder N, Dietz K, Knobloch J, Zelck UE. 
Comparison of autofluorescence and iodine staining for 
detection of Isospora belli in feces. Am J Trop Med Hyg. 
2002;67(3):304-305. doi pubmed

47. ten Hove RJ, van Lieshout L, Brienen EA, Perez MA, 
Verweij JJ. Real-time polymerase chain reaction for de-
tection of Isospora belli in stool samples. Diagn Micro-
biol Infect Dis. 2008;61(3):280-283. doi pubmed

48. Gilchrist CA. Entamoeba bangladeshi: an insight. Trop 
Parasitol. 2014;4(2):96-98. doi pubmed pmc

49. Bercu TE, Petri WA, Behm JW. Amebic colitis: new in-
sights into pathogenesis and treatment. Curr Gastroen-
terol Rep. 2007;9(5):429-433. doi pubmed

50. Zulfiqar H, Mathew G, Horrall S. Amebiasis. In: Stat-
Pearls. Treasure Island (FL). 2023. pubmed

51. Amebiasis. CDC-DPDx - Amebiasis. www.cdc.gov.
52. Chadee K, Petri WA, Jr., Innes DJ, Ravdin JI. Rat and hu-

man colonic mucins bind to and inhibit adherence lectin 
of Entamoeba histolytica. J Clin Invest. 1987;80(5):1245-
1254. doi pubmed pmc

53. Frederick JR, Petri WA, Jr. Roles for the galactose-/N-
acetylgalactosamine-binding lectin of Entamoeba in 
parasite virulence and differentiation. Glycobiology. 
2005;15(12):53R-59R. doi pubmed

54. Cornick S, Chadee K. Entamoeba histolytica: Host para-
site interactions at the colonic epithelium. Tissue Barri-
ers. 2017;5(1):e1283386. doi pubmed pmc

55. Campos-Rodriguezp R, Jarillo-Luna A. The pathogenic-

https://www.doi.org/10.1186/s12879-016-1776-8
http://www.ncbi.nlm.nih.gov/pubmed/27566417
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5002209
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5002209
https://www.doi.org/10.1007/BF00931787
http://www.ncbi.nlm.nih.gov/pubmed/7567903
http://www.ncbi.nlm.nih.gov/pubmed/7567903
https://www.doi.org/10.1016/0020-7519(91)90149-2
http://www.ncbi.nlm.nih.gov/pubmed/1774117
https://www.doi.org/10.1371/journal.pone.0103962
https://www.doi.org/10.1371/journal.pone.0103962
http://www.ncbi.nlm.nih.gov/pubmed/25093578
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4122384
https://www.doi.org/10.1016/j.parint.2016.05.007
http://www.ncbi.nlm.nih.gov/pubmed/27181702
http://www.ncbi.nlm.nih.gov/pubmed/27181702
https://www.doi.org/10.1080/00015550410025949
http://www.ncbi.nlm.nih.gov/pubmed/15339085
https://www.doi.org/10.4103/2229-5070.149919
http://www.ncbi.nlm.nih.gov/pubmed/25709951
http://www.ncbi.nlm.nih.gov/pubmed/25709951
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4326992
https://www.doi.org/10.4103/tp.TP_4_18
http://www.ncbi.nlm.nih.gov/pubmed/29930905
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5991034
https://www.doi.org/10.1093/cid/cir810
http://www.ncbi.nlm.nih.gov/pubmed/22075794
https://www.doi.org/10.4103/2229-5070.113901
http://www.ncbi.nlm.nih.gov/pubmed/23961439
http://www.ncbi.nlm.nih.gov/pubmed/23961439
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3745668
https://www.doi.org/10.1080/000155502753600948
http://www.ncbi.nlm.nih.gov/pubmed/12013204
https://www.doi.org/10.3390/microorganisms7090317
http://www.ncbi.nlm.nih.gov/pubmed/31487898
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6780905
https://www.doi.org/10.1086/514158
http://www.ncbi.nlm.nih.gov/pubmed/9395371
https://www.doi.org/10.1128/CMR.00025-17
http://www.ncbi.nlm.nih.gov/pubmed/29142079
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5740970
https://www.doi.org/10.7326/0003-4819-132-11-200006060-00006
http://www.ncbi.nlm.nih.gov/pubmed/10836915
http://www.ncbi.nlm.nih.gov/pubmed/12875284
https://www.doi.org/10.1093/clinids/22.1.124
http://www.ncbi.nlm.nih.gov/pubmed/8824975
https://www.doi.org/10.4269/ajtmh.1984.33.1060
http://www.ncbi.nlm.nih.gov/pubmed/6507724
https://www.doi.org/10.1017/S0031182019000957
http://www.ncbi.nlm.nih.gov/pubmed/31303182
https://www.doi.org/10.1056/NEJM197012102832403
http://www.ncbi.nlm.nih.gov/pubmed/5478452
https://www.doi.org/10.1016/s0025-7125(16)30377-7
http://www.ncbi.nlm.nih.gov/pubmed/1727538
https://www.doi.org/10.3347/kjp.2013.51.2.207
http://www.ncbi.nlm.nih.gov/pubmed/23710089
http://www.ncbi.nlm.nih.gov/pubmed/23710089
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3662065
https://www.doi.org/10.7326/0003-4819-121-9-199411010-00006
http://www.ncbi.nlm.nih.gov/pubmed/7944075
https://www.doi.org/10.1136/bcr-2015-209966
https://www.doi.org/10.1136/bcr-2015-209966
http://www.ncbi.nlm.nih.gov/pubmed/26065551
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4480090
https://www.doi.org/10.4269/ajtmh.2002.67.304
http://www.ncbi.nlm.nih.gov/pubmed/12408672
https://www.doi.org/10.1016/j.diagmicrobio.2008.03.003
http://www.ncbi.nlm.nih.gov/pubmed/18424043
https://www.doi.org/10.4103/2229-5070.138536
http://www.ncbi.nlm.nih.gov/pubmed/25250229
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4166810
https://www.doi.org/10.1007/s11894-007-0054-8
http://www.ncbi.nlm.nih.gov/pubmed/17991346
http://www.ncbi.nlm.nih.gov/pubmed/30137820
https://www.doi.org/10.1172/JCI113199
http://www.ncbi.nlm.nih.gov/pubmed/2890655
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC442377
https://www.doi.org/10.1093/glycob/cwj007
http://www.ncbi.nlm.nih.gov/pubmed/16037494
https://www.doi.org/10.1080/21688370.2017.1283386
http://www.ncbi.nlm.nih.gov/pubmed/28452682
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5362996


Articles © The authors   |   Journal compilation ©  Gastroenterol Res and Elmer Press Inc™   |   www.gastrores.org 139

Ahmed  Gastroenterol Res. 2023;16(3):127-140

ity of Entamoeba histolytica is related to the capacity of 
evading innate immunity. Parasite Immunol. 2005;27(1-
2):1-8. doi pubmed

56. Haque R, Huston CD, Hughes M, Houpt E, Petri WA, Jr. 
Amebiasis. N Engl J Med. 2003;348(16):1565-1573. doi 
pubmed

57. Wuerz T, Kane JB, Boggild AK, Krajden S, Keystone JS, 
Fuksa M, Kain KC, et al. A review of amoebic liver ab-
scess for clinicians in a nonendemic setting. Can J Gas-
troenterol. 2012;26(10):729-733. doi pubmed pmc

58. Misra SP, Misra V, Dwivedi M. Ileocecal masses in pa-
tients with amebic liver abscess: etiology and manage-
ment. World J Gastroenterol. 2006;12(12):1933-1936. doi 
pubmed pmc

59. Kumanan T, Sujanitha V, Sreeharan N. Amoebic liver 
abscess: a neglected tropical disease. Lancet Infect Dis. 
2020;20(2):160-162. doi pubmed

60. Kumanan T, Sujanitha V, Balakumar S, Sreeharan N. 
Amoebic liver abscess and indigenous alcoholic bever-
ages in the tropics. J Trop Med. 2018;2018:6901751. doi 
pubmed pmc

61. Shamsuzzaman SM, Hashiguchi Y. Thoracic amebiasis. 
Clin Chest Med. 2002;23(2):479-492. doi pubmed

62. Singh K, Vinayak VK, Bhasin DK, Ganguly NK. A mon-
oclonal antibody-based test system for detection of Enta-
moeba histolytica-specific coproantigen. Indian J Gastro-
enterol. 1999;18(3):104-108. pubmed

63. Fotedar R, Stark D, Beebe N, Marriott D, Ellis J, Hark-
ness J. PCR detection of Entamoeba histolytica, En-
tamoeba dispar, and Entamoeba moshkovskii in stool 
samples from Sydney, Australia. J Clin Microbiol. 
2007;45(3):1035-1037. doi pubmed pmc

64. Liang SY, Chan YH, Hsia KT, Lee JL, Kuo MC, Hwa 
KY, Chan CW, et al. Development of loop-mediated iso-
thermal amplification assay for detection of Entamoeba 
histolytica. J Clin Microbiol. 2009;47(6):1892-1895. doi 
pubmed pmc

65. Haghighi A, Rezaeian M. Detection of serum antibody 
to Entameba histolytica in various population samples of 
amebic infection using an enzyme-linked immunosorbent 
assay. Parasitol Res. 2005;97(3):209-212. doi pubmed

66. Bansal R, Natarajan S, Aron J. Amebic colitis. Am J Med 
Sci. 2019;357(5):e15. doi pubmed

67. Sethi S, Puri A, Sachdeva S, Dalal A. Erythrophagocy-
tosis in colonic mucosa: real-time amazing display. BMJ 
Case Rep. 2020;13(12):e238921. doi pubmed pmc

68. Priyadarshi RN, Sherin L, Kumar R, Anand U, Kumar P. 
CT of amebic liver abscess: different morphological types 
with different clinical features. Abdom Radiol (NY). 
2021;46(9):4148-4158. doi pubmed pmc

69. Stanley SL, Jr. Amoebiasis. Lancet. 2003;361(9362):1025-
1034. doi pubmed

70. Gonzales MLM, Dans LF, Sio-Aguilar J. Antiamoebic 
drugs for treating amoebic colitis. Cochrane Database 
Syst Rev. 2019;1(1):CD006085. doi pubmed pmc

71. Waghmare M, Shah H, Tiwari C, Khedkar K, Gandhi S. 
Management of liver abscess in children: our experience. 
Euroasian J Hepatogastroenterol. 2017;7(1):23-26. doi 
pubmed pmc

72. Rawla P, Sharma S. Enterobius vermicularis. In: Stat-
Pearls. Treasure Island (FL). 2023. pubmed

73. Cook GC. Enterobius vermicularis infection. Gut. 
1994;35(9):1159-1162. doi pubmed pmc

74. Kang WH, Jee SC. Enterobius vermicularis (Pinworm) 
infection. N Engl J Med. 2019;381(1):e1. doi pubmed

75. Sousa J, Hawkins R, Shenoy A, Petroze R, Mustafa M, 
Taylor J, Larson S, et al. Enterobius vermicularis-associat-
ed appendicitis: A 22-year case series and comprehensive 
review of the literature. J Pediatr Surg. 2022;57(8):1494-
1498. doi pubmed

76. Patel B, Sharma T, Bhatt GC, Dhingra Bhan B. Entero-
bius vermicularis: an unusual cause of recurrent urinary 
tract infestation in a 7-year-old girl: case report and re-
view of the literature. Trop Doct. 2015;45(2):132-134. 
doi pubmed

77. Siochou A, Birtsou H, Papazahariadou M. Enterobius 
vermicularis infection of female genital tract. Int J Immu-
nopathol Pharmacol. 2008;21(4):1031-1033. doi pubmed

78. CDC - Enterobiasis - Diagnosis. https://www.cdc.gov/
parasites/pinworm/diagnosis.html.

79. Wendt S, Trawinski H, Schubert S, Rodloff AC, Mossner 
J, Lubbert C. The diagnosis and treatment of pinworm 
infection. Dtsch Arztebl Int. 2019;116(13):213-219. doi 
pubmed pmc

80. Ince MN, Elliott DE. Intestinal Worms (book chapter). In: 
Sleisenger and Fordtran's gastrointestinal and liver dis-
ease. Eleventh Edition. Elsevier, Inc. 2021;114:847-1867.
e5.

81. Akgun Y. Intestinal obstruction caused by Ascaris lumbri-
coides. Dis Colon Rectum. 1996;39(10):1159-1163. doi 
pubmed

82. Khuroo MS. Ascariasis. Gastroenterol Clin North Am. 
1996;25(3):553-577. doi pubmed

83. de Lima Corvino DF, Horrall S. Ascariasis. In: StatPearls. 
Treasure Island (FL). 2023. pubmed

84. Conterno LO, Turchi MD, Correa I, Monteiro de Barros 
Almeida RA. Anthelmintic drugs for treating ascariasis. 
Cochrane Database Syst Rev. 2020;4(4):CD010599. doi 
pubmed pmc

85. Bansal R, Huang T, Chun S. Trichuriasis. Am J Med Sci. 
2018;355(2):e3. doi pubmed

86. CDC - trichuriasis. http://www.cdc.gov.
87. Else KJ, Keiser J, Holland CV, Grencis RK, Sattelle DB, 

Fujiwara RT, Bueno LL, et al. Whipworm and round-
worm infections. Nat Rev Dis Primers. 2020;6(1):44. doi 
pubmed

88. Soriano LR, Del Mundo F, Naguit-Sim L. Rectal pro-
lapse in children with trichuriasis. J Philipp Med Assoc. 
1966;42(12):843-848. pubmed

89. Aponte-Pieras J, Mesgun S, Hong A, Farooqui T, Elmofti 
Y, Lankarani D, Aziz H, et al. Symptomatic anemia due 
to trichuriasis. ACG Case Rep J. 2022;9(7):e00826. doi 
pubmed pmc

90. Keller L, Patel C, Welsche S, Schindler T, Hurlimann 
E, Keiser J. Performance of the Kato-Katz method and 
real time polymerase chain reaction for the diagnosis of 
soil-transmitted helminthiasis in the framework of a ran-
domised controlled trial: treatment efficacy and day-to-

https://www.doi.org/10.1111/j.1365-3024.2005.00743.x
http://www.ncbi.nlm.nih.gov/pubmed/15813717
https://www.doi.org/10.1056/NEJMra022710
http://www.ncbi.nlm.nih.gov/pubmed/12700377
http://www.ncbi.nlm.nih.gov/pubmed/12700377
https://www.doi.org/10.1155/2012/852835
http://www.ncbi.nlm.nih.gov/pubmed/23061067
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3472914
https://www.doi.org/10.3748/wjg.v12.i12.1933
http://www.ncbi.nlm.nih.gov/pubmed/16610001
http://www.ncbi.nlm.nih.gov/pubmed/16610001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4087520
https://www.doi.org/10.1016/S1473-3099(19)30696-6
http://www.ncbi.nlm.nih.gov/pubmed/32006496
https://www.doi.org/10.1155/2018/6901751
http://www.ncbi.nlm.nih.gov/pubmed/30112008
http://www.ncbi.nlm.nih.gov/pubmed/30112008
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6077556
https://www.doi.org/10.1016/s0272-5231(01)00008-9
http://www.ncbi.nlm.nih.gov/pubmed/12092041
http://www.ncbi.nlm.nih.gov/pubmed/10407562
https://www.doi.org/10.1128/JCM.02144-06
http://www.ncbi.nlm.nih.gov/pubmed/17229864
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1829108
https://www.doi.org/10.1128/JCM.00105-09
http://www.ncbi.nlm.nih.gov/pubmed/19321720
http://www.ncbi.nlm.nih.gov/pubmed/19321720
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2691116
https://www.doi.org/10.1007/s00436-005-1418-3
http://www.ncbi.nlm.nih.gov/pubmed/15997409
https://www.doi.org/10.1016/j.amjms.2019.01.007
http://www.ncbi.nlm.nih.gov/pubmed/30876652
https://www.doi.org/10.1136/bcr-2020-238921
http://www.ncbi.nlm.nih.gov/pubmed/33310835
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7735084
https://www.doi.org/10.1007/s00261-021-03093-w
http://www.ncbi.nlm.nih.gov/pubmed/33893854
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8067789
https://www.doi.org/10.1016/S0140-6736(03)12830-9
http://www.ncbi.nlm.nih.gov/pubmed/12660071
https://www.doi.org/10.1002/14651858.CD006085.pub3
http://www.ncbi.nlm.nih.gov/pubmed/30624763
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6326239
https://www.doi.org/10.5005/jp-journals-10018-1206
http://www.ncbi.nlm.nih.gov/pubmed/29201767
http://www.ncbi.nlm.nih.gov/pubmed/29201767
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5663769
http://www.ncbi.nlm.nih.gov/pubmed/30725659
https://www.doi.org/10.1136/gut.35.9.1159
http://www.ncbi.nlm.nih.gov/pubmed/7959218
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1375686
https://www.doi.org/10.1056/NEJMicm1811156
http://www.ncbi.nlm.nih.gov/pubmed/31269369
https://www.doi.org/10.1016/j.jpedsurg.2021.09.038
http://www.ncbi.nlm.nih.gov/pubmed/34756582
https://www.doi.org/10.1177/0049475514566872
https://www.doi.org/10.1177/0049475514566872
http://www.ncbi.nlm.nih.gov/pubmed/25586573
https://www.doi.org/10.1177/039463200802100429
http://www.ncbi.nlm.nih.gov/pubmed/19144290
https://www.doi.org/10.3238/arztebl.2019.0213
http://www.ncbi.nlm.nih.gov/pubmed/31064642
http://www.ncbi.nlm.nih.gov/pubmed/31064642
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6522669
https://www.doi.org/10.1007/BF02081419
http://www.ncbi.nlm.nih.gov/pubmed/8831534
http://www.ncbi.nlm.nih.gov/pubmed/8831534
https://www.doi.org/10.1016/s0889-8553(05)70263-6
http://www.ncbi.nlm.nih.gov/pubmed/8863040
http://www.ncbi.nlm.nih.gov/pubmed/28613547
https://www.doi.org/10.1002/14651858.CD010599.pub2
http://www.ncbi.nlm.nih.gov/pubmed/32289194
http://www.ncbi.nlm.nih.gov/pubmed/32289194
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7156140
https://www.doi.org/10.1016/j.amjms.2017.09.003
http://www.ncbi.nlm.nih.gov/pubmed/29406051
https://www.doi.org/10.1038/s41572-020-0171-3
http://www.ncbi.nlm.nih.gov/pubmed/32467581
http://www.ncbi.nlm.nih.gov/pubmed/32467581
http://www.ncbi.nlm.nih.gov/pubmed/5980975
https://www.doi.org/10.14309/crj.0000000000000826
http://www.ncbi.nlm.nih.gov/pubmed/35822157
http://www.ncbi.nlm.nih.gov/pubmed/35822157
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9270597


Articles © The authors   |   Journal compilation ©  Gastroenterol Res and Elmer Press Inc™   |   www.gastrores.org140

IPIs in 2023  Gastroenterol Res. 2023;16(3):127-140

day variation. Parasit Vectors. 2020;13(1):517. doi pub-
med pmc

91. Ok KS, Kim YS, Song JH, Lee JH, Ryu SH, Lee JH, 
Moon JS, et al. Trichuris trichiura infection diagnosed by 
colonoscopy: case reports and review of literature. Ko-
rean J Parasitol. 2009;47(3):275-280. doi pubmed pmc

92. Viswanath A, Yarrarapu SNS, Williams M. Trichuris 
trichiura. In: StatPearls. Treasure Island (FL). 2023. pub-
med

93. Global health, division of parasitic diseases and malaria. 
hookworm. centers for disease control and prevention. 
Available at: https://www.cdc.gov/parasites/hookworm/
index.html. September 23, 2020.

94. Brooker S, Bethony J, Hotez PJ. Human hookworm in-
fection in the 21st century. Adv Parasitol. 2004;58:197-
288. doi pubmed pmc

95. Wei KY, Yan Q, Tang B, Yang SM, Zhang PB, Deng MM, 
Lu MH. Hookworm infection: a neglected cause of overt 
obscure gastrointestinal bleeding. Korean J Parasitol. 
2017;55(4):391-398. doi pubmed pmc

96. Loukas A, Hotez PJ, Diemert D, Yazdanbakhsh M, Mc-

Carthy JS, Correa-Oliveira R, Croese J, et al. Hookworm 
infection. Nat Rev Dis Primers. 2016;2:16088. doi pub-
med

97. Ghodeif AO, Jain H. Hookworm. In: StatPearls. Treasure 
Island (FL). 2023. pubmed

98. Albonico M. Methods to sustain drug efficacy in hel-
minth control programmes. Acta Trop. 2003;86(2-3):233-
242. doi pubmed

99. Albonico M, Bickle Q, Ramsan M, Montresor A, Savioli 
L, Taylor M. Efficacy of mebendazole and levamisole 
alone or in combination against intestinal nematode in-
fections after repeated targeted mebendazole treatment in 
Zanzibar. Bull World Health Organ. 2003;81(5):343-352. 
pubmed pmc

100. Albonico M, Smith PG, Ercole E, Hall A, Chwaya HM, 
Alawi KS, Savioli L. Rate of reinfection with intestinal 
nematodes after treatment of children with mebendazole 
or albendazole in a highly endemic area. Trans R Soc 
Trop Med Hyg. 1995;89(5):538-541. doi pubmed

101. Cabrera BD. Parasites: treatment and prevention of infes-
tation. JOICFP Rev. 1985;9:6-11. pubmed

https://www.doi.org/10.1186/s13071-020-04401-x
http://www.ncbi.nlm.nih.gov/pubmed/33059756
http://www.ncbi.nlm.nih.gov/pubmed/33059756
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7558729
https://www.doi.org/10.3347/kjp.2009.47.3.275
http://www.ncbi.nlm.nih.gov/pubmed/19724702
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2735694
http://www.ncbi.nlm.nih.gov/pubmed/29939620
http://www.ncbi.nlm.nih.gov/pubmed/29939620
https://www.doi.org/10.1016/S0065-308X(04)58004-1
http://www.ncbi.nlm.nih.gov/pubmed/15603764
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2268732
https://www.doi.org/10.3347/kjp.2017.55.4.391
http://www.ncbi.nlm.nih.gov/pubmed/28877570
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5594735
https://www.doi.org/10.1038/nrdp.2016.88
http://www.ncbi.nlm.nih.gov/pubmed/27929101
http://www.ncbi.nlm.nih.gov/pubmed/27929101
http://www.ncbi.nlm.nih.gov/pubmed/31536254
https://www.doi.org/10.1016/s0001-706x(03)00043-3
http://www.ncbi.nlm.nih.gov/pubmed/12745140
http://www.ncbi.nlm.nih.gov/pubmed/12856052
http://www.ncbi.nlm.nih.gov/pubmed/12856052
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2572452
https://www.doi.org/10.1016/0035-9203(95)90101-9
http://www.ncbi.nlm.nih.gov/pubmed/8560535
http://www.ncbi.nlm.nih.gov/pubmed/12313879

