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Introduction: The intestinal protozoa Entamoeba histolytica, Giardia lamblia, and Cryptosporidium spp. are
the causative agents of giardiasis, amebiasis, and cryptosporidiosis, respectively. Adequate knowledge of
the geographical distribution of parasites and the demographic variables that influence their prevalence is
important for effective control of infection in at-risk populations.

Methods: The data were obtained by an English language literature search of Medline and PubMed for papers
using the search terms ‘intestinal parasites and Libya, G lamblia and Libya, E. histolytica and Libya and
Cryptosporidium and Libya’ for the period 2000-2015.

Results: The data obtained for the period 2000-2015 showed prevalence rates of 0.8-36.6% (mean 19.9%) for
E. histolyticaldispar, 1.2—18.2% (mean 4.6%) for G. lamblia and 0.9-13% (mean 3.4%) for Cryptosporidium
spp. among individuals in Libya with gastroenteritis (GE). On the other hand, prevalence rates of 0.8-16.3%
(mean 8.3%), 1.8-28.8% (mean 4.8%), and 1.0-2.5% (mean =2.4), respectively, were observed for individuals
without GE. The mean prevalence rate of E. histolyticaldispar was significantly higher among individuals
with GE compared with those without GE (p <0.0000001, OR =2.74). No significant difference in
prevalence rate of the three organisms was found according to gender, but most of infections were observed
in children aged 10 years or younger.

Conclusion: The reviewed data suggest that E. histolytica, G. lamblia, and Cryptosporidium spp. may play a
minor role in GE in Libya. The observed high prevalence rates of E. histolyticaldispar reported from Libya
could be due mainly to the non-pathogenic E. dispar and E. moshkovskii. However, more studies are needed in
the future using E. histolytica-specific enzyme immunoassays and/or molecular methods to confirm this
observation.
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with G intestinalis and G. duodenalis), and

Cryptosporidium spp. are the causative agents of
amebiasis, giardiasis, and cryptosporidiosis, respectively.
These organisms are among the most common intestinal
protozoa associated with diarrhea in developed and devel-
oping countries (1, 2). The Global Burden of Disease
Study (GBDS) estimated that amebiasis was associated
with more than 55,000 deaths and 2.2 million disability-
adjusted life years (DALYSs), and cryptosporidiosis with
more than 99,000 deaths and 8.3 million DALYs in
2010 (3, 4). Most of these deaths and DALY's occurred in
developing countries. Table 1 shows reservoirs, modes of

Entamoeba histolytica, Giardia lamblia (synonymous

transmission, and clinical manifestations of E. histolytica,
G. lamblia, and Cryptosporidium spp.

Recently, Muhsen and Levine (5) carried out a sys-
tematic literature review investigating the correlation of
G. lamblia infection with pediatric diarrhea in developing
countries. Their findings indicate that giardiasis may
not be associated with acute diarrhea in children, except
in early infancy. However, their findings suggest that
G. lamblia is positively correlated with persistent diarrhea
in such populations.

Adequate knowledge of the geographical distribution
of parasites and the demographic variables that influence
their prevalence is important for effective control of
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Tuble 1. Reservoirs, modes of transmission and clinical manifestations of Entamoeba histolytica, Giardia lamblia, and

Cryptosporidium spp.

Organism Disease Reservoir Mode of transmission Clinical manifestations

Entamoeba Amebiasis Infected humans Contaminated water, Dysentery (bloody diarrhea), diarrhea,
histolytica fecal-oral, contaminated food intestinal, and/or liver abscesses

Giardia lamblia Giardiasis Infected human and Contaminated water, Acute and persistent diarrhea, bloating,

other mammals

Cryptosporidium  Cryptosporidiosis Infected human and a Contaminated water,
spp. variety of animal hosts swimming pools, fecal—oral

(zoonosis)

fecal—oral

gas, steatorrhea, and malabsorption
Self-limited diarrhea; chronic diarrhea
in immunocompromised individuals
(e.g. AIDS)

infection in at-risk populations (6). The aim of this mini-
review is to report on E. histolytica, G. lamblia, and
Cryptosporidium spp. in Libya for the period 2000 —2015.
The data were obtained by an English language literature
search of Medline and PubMed for papers using the
search terms ‘intestinal parasites and Libya, G lamblia
and Libya, E. histolytica and Libya, and Cryptosporidium
and Libya’. Additional data were obtained from a Google
search using the aforementioned terms.

For statistical analysis, Epi Info 2000 software (Centers
for Disease Control and Prevention) was employed.
P-values were calculated using the Chi-square test.
p <0.05 was considered to be statistically significant.

Prevalence of E. histolytica, G. lamblia, and
Cryptosporidium spp. in people with or without
gastroenteritis in Libya

The search of the published literature for the period
2000-2015 yielded seven studies that investigated stool
samples only from individuals with gastroenteritis (GE,
including some combination of diarrhea, abdominal pain,
and vomiting) (7—13), eight studies only from individuals
without GE (14-21), and one study from individuals with
or without GE (22). Four studies that dealt with intestinal
parasites in Libya were not included in this work. Two of
the excluded studies were carried out in Benghazi, one of
which examined stool specimens from diarrheic children
during 1998-2002 and was published in 2002, and the
other investigated persons without GE during 1998—1999
and was published in 2003 (23, 24). Also excluded was a
study performed in 2006 in Tripoli and reporting results
for 949 school children because the investigators examined
only 591 stool samples (25). Moreover, a study performed
in Benghazi between 1999 and 2000 on people of different
nationalities was published in two different journals in
2004 (26) and 2005 (15), and so only the later study was
included in this minireview.

More than 90% of the studies (15 out of 16) included in
this review used more than one technique of microscopic
examination of stool samples for cysts of E. histolytica,
G. lamblia, and Cryptosporidium. There are three species,
among others, in the genus Entamoeba that can be found

in the human intestine (27). These include the pathogenic
E. histolytica and the nonpathogenic E. dispar and E.
moshkovskii. The use of microscopy cannot distinguish
E. histolytica from the latter two species. Unless stated
otherwise, we use the term ‘E. histolytica/dispar’ because
it was used in the majority of studies covered in this
review.

Of the GE studies, four examined stools from children
and four examined stools from children and adults.
These eight studies showed prevalence rates of 0.8—
36.6% (mean 19.9%) for E. histolyticaldispar, 1.2—18.2%
(mean 4.6%) for G. lamblia, and 0.9-13% (mean 3.4%)
for Cryptosporidium spp. among individuals in Libya
with GE. However, when only the data from children
with GE were analyzed, the mean prevalence rate of
E. histolyticaldispar dropped significantly from 19.9 to
4.0% (p <0.000001, odds ratio [OR] 5.96). No significant
differences were observed in the mean prevalence rate
of G. lamblia (3.2%) and of Cryptosporidium spp. (mean
4.2%) in children with GE compared with mean
prevalence rates for both organisms in children and
adults with GE. Table 2 shows the prevalence rates of
E. histolyticaldispar, G. lamblia, and Cryptosporidium spp.
in individuals with GE in different Libyan cities.

Of the nine studies that examined individuals without
GE, five included children, three included children and
adults, and one study included adults only. The nine
studies showed prevalence rates of 0.8—16.3% (mean 8.3%)
for E. histolyticaldispar, 1.8-28.8% (mean 4.8%) for G
lamblia, and 1.0-2.5% (mean 2.4%) for Cryptosporidium
spp. from individuals without GE. The mean prevalence
rate of G. lamblia among children without GE (15.4%)
was significantly higher than the mean prevalence rate
of combined children and adults without GE (4.8%)
(» <0.000001, OR 3.65). There was no significant differ-
ence between the mean prevalence rate of E. histolytical
dispar among children (7.7%) and that in adults and
children without GE combined (8.3%). A comparison of
the mean prevalence rate of Cryptosporidium spp. among
children and children and adults was not possible due to
the small number of studies that examined the organism
in stools of individuals without GE. Table 3 shows the
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Tuble 2. Prevalence of Entamoeba histolyticaldispar, Giardia lamblia, and Cryptosporidium spp. in subjects with gastroenteritis*

in different Libyan cities

No. positive/No. examined (%)

City Population studied Entamoeba histolytica/dispar Giardia lamblia Cryptosporidium spp. References
Brack Children and adults 29/305 (9.5) 4/305 (1.3) 7/305 (2.3) (7)
Nalout Children and adults 168/800 (21) 20/800 (2.5) NE 8)
Sirt Children and adults 323/700 (46.1) 65/700 (9.3) NE 9)
Sirt Children 128/350 (36.6) 36/350 (10.3) NE (10)
Tripoli Children 4/110 (3.6) 20/110 (18.2) 1/110 (0.9) (22)
Tripoli Children 2/239 (0.8) 3/239 (1.3) 5/239 (2.1) (11)
Zawia Children 19/605 (3.1) 11/605 (1.8) NE (12)
Zliten Children 20/169 (11.8) 2/169 (1.2) 13/100 (13) (13)

*Gastroenteritis = some combination of diarrhea, abdominal pain, and vomiting. 'Tripoli and surrounding areas.

NE = Stool samples were not examined for Cryptosporidium spp.

prevalence of E. histolyticaldispar, G. lamblia, and
Cryptosporidium spp. in people without GE in different
Libyan cities and localities.

A significantly higher mean prevalence rate of E.
histolyticaldispar was found among children and adults
with GE compared with the mean prevalence rate of
E. histolyticaldispar in children and adults without GE
(» <0.0000001, OR 2.74). On the other hand, significantly
higher mean prevalence rates of E. histolyticaldispar and
G. lamblia were found in children without GE compared
with the mean prevalence rates of E. histolyticaldispar and
G. lamblia in children with GE (p <00004, OR 2.02, and
p <0.0000001, OR 5.51, respectively).

High prevalence rates for E. histolyticaldispar and G.
lamblia were reported mainly from the city of Sirt (Table 2
and 3), regardless of whether the individuals had or did
not have GE.

Age, gender, and other factors associated with
the prevalence of intestinal protozoa

Infections due to E. histolyticaldispar, G. lamblia, and
Cryptosporidium spp. are prevalent in developing coun-
tries and depend on several factors, including age.
Amebic infections mostly affect children below 15 years
of age, with a significant increase in those aged five
to nine years (28). In Arab countries, Cryptosporidium-
associated diarrhea occurs mainly in younger children
and inversely correlates with age, being more prevalent in
children aged one year or less (29). Also, in developing
countries, giardiasis is positively correlated with persis-
tent diarrhea in children and with acute diarrhea in early
infancy (5). On the other hand, no significant differences
in the distribution of cases between males and females
were reported from such countries.

In Libya, a few studies examined the influence of age
and gender on the prevalence of E. histolyticaldispar and

Tuble 3. Prevalence of Entamoeba histolyticaldispar, Giardia lamblia, and Cryptosporidium spp. in subjects without

gastroenteritis* in different Libyan cities/localities

No. positive/No. examined (%)

City Population studied  Entamoeba histolytica/dispar  Giardia lamblia  Cryptosporidium spp. References
Alkhoms Children and adults 289/2,383 (12.1) 61/2,383 (2.6) NE (14)
Benghazi Children and adults 436/3,659 (11.9) 109/3,659 (2.9) NE (15)
Benghazi Adults 139/3,150 60/3,150 (1.9) NE (16)
Derna Children 69/1,039 132/1,039 (12.7) NE (17)
Sirt Children 98/601 (16.3) 173/601 (28.8) NE (18)
Tripoli Children 2/50 1/50 (2.0) NE (19)
Tripoli Children 4/486 28/486 (5.8) NE (20)
Tripoli Children 3/100 17/100 (17) 1/100 (1.0) (22)
WadiAl-Shati localities”  Children and adults 14/1,192 21/1,192 (1.8) 30/1,192 (2.5) (21)

*Gastroenteritis = Some combination of diarrhea, abdominal pain, and vomiting.'Stool samples were collected from 17 rural localities of

Wadi Al-Shati in southwestern Libya.
NE =stool samples were not examined for Cryptosporidium spp.
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G. lamblia, but none for Cryptosporidium spp. A study
from Nalout in western Libya investigated children and
adults with GE aged less than 10 years to more than 20
years for intestinal parasites (8). The researchers found
that the prevalence rate of E. histolyticaldispar, but
not G lamblia, was significantly higher in children of
less than 10 years compared with children of 10 to 20
years or more than 20 years of age. Nevertheless, they
found no meaningful differences in the prevalence rates
of the organisms among the examined children in regard
to sex. Kasssem et al. (10) investigated the presence of
intestinal parasites in children aged less than 16 years
with GE in the city of Sirt. They detected 13 different
intestinal protozoan parasites with the predominance of
E. histolyticaldispar. The majority of E. histolyticaldispar
and G lamblia infections occurred in children 1-4 years
old. However, no significant difference was observed in
intestinal protozoa infection between male and female
patients. Also, Alsirieti et al. (9) in Sirt city studied
patients with GE aged 2-60 years. They reported
intestinal parasites, including E. histolyticaldispar and
G. lamblia, most commonly in those aged 2-10 years
compared to other age groups, and higher infection rate
in males than in females.

Anuar et al. (30) carried out a cross-sectional study
examining the prevalence and risk factors associated with
E. histolyticaldisparlmoshkovskii infection among differ-
ent Orang Asli ethnic groups in Malaysia. They found
higher prevalence rates among subjects aged less than
15 years. Furthermore, multivariate analysis proved that
not washing subsequent to playing with soil or gardening
and the presence of other family members infected with
E. histolyticaldisparimoshkovskii were significant risk
factors of infection among all groups examined.

A study from the city of Sirt examined school children
aged between 7 and 14 years without GE for factors
associated with intestinal parasitic infection (18). The
investigators found a statistically significant higher pre-
valence rates of E. histolyticalE. dispar among males
than females, among those aged 7-10 years than those of
11-14 years, and among children who sometimes washed
their hands than those who always washed their hands. The
prevalence rates of E. histolytical E. dispar among children
with educated mothers were closely similar to those with
non-educated mothers. They found no significant differ-
ences in the prevalence rate of G. lamblia between females
and males, or between children 7-10 years old and those
11-14 years old. However, they observed statistically
significant higher prevalence rates among children with
non-educated mothers than those with educated mothers;
and among children who sometimes washed their hands
than children who always washed their hands.

Another study, from Derna city, examined the presence
of intestinal parasites in primary school children aged
6-12 years, selected by systematic random sampling

using the master list of eight schools (17). They found
no significant difference in the prevalence rates of E.
histolyticalE. dispar and G. lamblia in relation to the
gender and age of children. However, contrary to the
study from Sirt, they found a significantly higher pre-
valence rate of intestinal parasites in children with
educated than non-educated parents. In addition, they
reported that children from lower income families, eating
food from the school canteen and drinking water from
metal tanks, were significantly associated with intestinal
parasites, including E. histolyticalE. dispar and G. lamblia.

Prevalence of E. histolytica, G. lamblia, and
Cryptosporidium spp. in food handlers and
foreign workers

The main modes of transmission of intestinal protozoa
are water- and food-borne. In general, there is lack of
information regarding the prevalence of intestinal proto-
zoa in water, fresh fruits, and vegetables in Libya. Only
one study from Libya examined Giardia cysts in 126
specimens of fresh tomatoes, cucumber, lettuce, and cress
from wholesale and retail markets in Tripoli. It reported a
prevalence rate of 10% (31).

None of the few reported outbreaks of amebiasis in
developed countries were food-borne (32). There are no
reports of outbreaks of amebiasis due to food handlers
in developing countries. However, several food-borne
outbreaks of cryptosporidiosis and giardiasis were attrib-
uted to direct contamination by food handlers (33).
Kubti et al. (16) investigated 3,150 food handlers in
Benghazi for intestinal parasites (1,563 Sudanese, 1,304
Egyptians, and 283 Libyans). The investigators found
that the prevalence rate of E. histolyticaldispar among
the Sudanese was significantly higher than among the
Egyptian food handlers but not among the Libyan food
handlers. On the other hand, the prevalence rate of
G. lamblia was higher among the Egyptians than among
the Sudanese and the Libyan food handlers, but the
differences were not significant.

A study from Alkhoms found a significantly higher
prevalence rate of E. histolyticaldispar among foreign
workers, mainly from Egypt and other African countries,
than among Libyan individuals without GE. However,
they observed a significantly higher prevalence rate of G.
lamblia among Libyans compared with foreign workers.

Diagnosis of E. histolytica, G. lamblia, and
Cryptosporidium spp. in subjects with or
without gastrointestinal disturbances in Libya

The microscopic examination of stool specimens remains
the backbone of the diagnosis of intestinal protozoa,
particularly in developing countries. However, micro-
scopic methods require well-trained medical technologists
who can identify and differentiate pathogenic from non-
pathogenic protozoa and discriminate artifacts. In Libya,
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there is a clear shortage of skilled technologists mainly
due to a lack of training programs. In recent years, several
enzyme immunoassays (EIAs) that detect antigens of E.
histolytica, G. lamblia, and Cryptosporidium spp. in fresh
or frozen stool specimens with 85 —100% sensitivity and
93 —100% specificity have become commercially available
(34). Only one study in Libya used second-generation
EIAs to investigate stool samples from diarrheic children
in Tripoli (11). The investigators observed low prevalence
rates of E. histolytica (0.8%), G. lamblia (1.3%), and
Cryptosporidium spp. (2.1%). They reported that enteric
viral and bacterial pathogens were significant causative
agents of childhood diarrhea in Tripoli, but not the
intestinal protozoa examined. Their findings contradict
the high prevalence rates of E. histolyticaldispar reported
by other studies from Libya using microscopy, particu-
larly from the city of Sirt (Table 2 and 3). However,
molecular studies have shown that many infections
previously considered to be due to E. histolytica are
caused by non-pathogenic E. dispar or E. moshkovskii (27).
As mentioned previously, these three different species of
Entamoeba cannot be differentiated by microscopy.
Furthermore, a study from Saudi Arabia investigated 156
stool samples from diarrheic children for E. histolytica (35).
The investigators detected E. histolyticaldispar in 65% of
the samples by microscopy and in 2.6% of the samples by
second generation E. histolytica-specific EIA. The authors
concluded that the high prevalence of Entamoeba infections
among the examined children was mainly due to E. dispar
(ie. E. dispar/E. moshkovskii). Therefore, the high preva-
lence rates of E. histolyticaldispar reported previously from
Libya should be interpreted carefully.

Prevention and treatment

In developing countries, poor hygiene and the use of
untreated human feces (i.e. fecal sludge) are important
factors that contribute to the contamination of food and
water. In such countries, prevention of infection with
E. histolytica, G. lamblia, and Cryptosporidium spp. can
be attained by improved community health education,
sanitation, hygiene, and water treatment. To reduce enteric
pathogens, including intestinal protozoa that may be
present on fresh vegetables and fruits, the produce can be
washed by clean tap water and soaked in a solution
of acetic acid or vinegar for 10 to 15 minutes before
consumption (36). Infected food handlers and caregivers
in day-care centers and health institutions for the
disabled and the elderly should be suspended from
work for at least 3 months after completion of treatment
with anti-parasitic agents.

The nitroimidazoles (i.e. metronidazole, tinidazole, and
ornidazole) are the drugs of choice for the treatment of
amebiasis and giardiasis. More than a decade ago, the
US Food and Drug Administration (FDA) approved
nitazoxanide for the treatment of cryptosporidiosis in

£. histolytica, G. lamblia, and Cryptosporidium spp. in Libya

children and adults. Nitazoxanide is also effective against
G. lamblia as well as other intestinal parasites.

Conclusion

The reviewed data suggest that E. histolytica, G. lamblia,
and Cryptosporidium spp. may play a minor role in GE
among the population in Libya and that infections occur
mainly in children 10 years old or younger. In addition,
the previously reported high prevalence rates of F.
histolyticaldispar reported from Libya could have been
due mainly to E. dispar and E. moshkovskii. However,
more studies are needed using E. histolytica-specific EIAs
and/or molecular methods (i.e. PCR) to confirm this
observation. The use of such methods will stop unneeded
drug therapy of patients infected with E. dispar, E.
moshkovskii or both.
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