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Abstract

Background

Pathogenic intestinal protozoa infections are common in school-agedieahiin the
developing world and they are frequently associated with malabsorpyindromes and
gastrointestinal morbidity. Since diagnosis of these parasitddficult, prevalence data on
intestinal protozoa is scarce.

Methods

We collected two stool samples from school-aged children on Penaval,ISTanzania, 4s
part of a randomized controlled trial before and 3 weeks a#@atntient with (i) single-dose
albendazole (400 mg); (ii) single-dose nitazoxanide (1,000 mg); (itdzaoxanidet
albendazole combination (1,000 mg—400 mg), with each drug given sepavatdiyo
consecutive days; and (iv) placebo. Formalin-fixed stool sanéee examined for the
presence of intestinal protozoa using an ether-concentration methdétdomine thg
prevalence and estimate cure rates (CRS).

1%

Results

Almost half (48.7%) of the children were diagnosed with at leastobrtbe (potentially
pathogenic protozo&iardia intestinalis Entamoeba histolytica/E. dispand Blastocystis
hominis. Observed CRs were high for all treatment arms, includingepla Nitazoxanid
showed a significant effect compared to placebo against the non-pathqgetozoor
Entamoeba coli.

4%

Conclusions

Intestinal protozoa infections might be of substantial healdvageice even in settings wh¢
they are not considered as a health problem. Examination of a sioglesample with th
ether-concentration method lacks sensitivity for the diagnosis e$tinal protozoa, arn
hence, care is indicated when interpreting prevalence estimates anitreaffects.
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Background

Infection with pathogenic intestinal protozoa (eEntamoeba histolyticaand Giardia
intestinali9 result in considerable gastrointestinal morbidity, malnutrition aradtality



worldwide, particularly among young children in developing countries [l d)as been
estimated thak. histolytica the causative agent of amoebiasis, kills between 40,000 and
100,000 people each year; hence, is one of the deadliest parastiongavorldwide [2,3].

In the People’s Republic of China alor@, intestinalisaffects an estimated 28.5 million
people every year [1]. The prevalenceGafintestinalishas been estimated at 2-3% in the
industrialized world and 20-30% in developing countries [3jyptosporidiumspp is
another major causal agent of diarrhoea, primarily affecting immunocomgemuividuals
such as those infected with HIV [3,5,@plastocystis hominidgs a common additional
anaerobic intestinal protozoon and its pathogenicity is still underadgb&i. Lack of access
to clean water, sanitation and hygiene are strong driverafeation with intestinal protozoa
[10-12].

Several drugs are currently available to treat intestir@bpoa infections. Most commonly
used are 5-nitroimidazole compounds, including metronidazole, tinidazole, zwieidand
secnidazole [13]. Alternative effective agents, when given asipieultdoses, include
nitazoxanide and albendazole [14-16].

Information on the prevalence of intestinal protozoa infectionsascecand little data are
available from sub-Saharan Africa. For example, to the best of ouldahgey the prevalence

of intestinal protozoa infections on Pemba Island has been assesgddioal and these
investigations date back to 1984 and 1992 [17,18]. In the 1984 study the predlé&hce
intestinalis and E. histolyticaamong children and adults combined were 5.6% and 3.1%,
respectively. Prevalences of 35.6%, 4.4%, 2.9%, 0.7% and 0.7% were reported for
Entamoeba coli Endolimax nana Chilomastix mesnili Entamoeba hartmanniand
lodamoeba butschliirespectively (Figure 1) [17]. The study conducted in 1992 reported
prevalences of 25.4% fdt. histolyticaand 6.6% foiG. intestinalisamong children aged 9—

17 years [18].

Figure 1 Comparison of prevalence of intestinal protozoa infections assessed indmi
2011 at baseline, follow-up and combined results (current study) againstgralence
determined in 1984 (study done by Pampiglionet al.[17]) on Pemba Island, Tanzania.

The study reported here was integrated in a randomized contradllechtried out in school-
aged children on Pemba Island, Tanzania in mid-2011 to asses theyeHiwh safety of
single-dose nitazoxanide and albendazole and a nitazoxanide-albendanubenation
againstTrichuris trichiuraand other soil-transmitted helminth infections [19]. The aim of the
present work was to evaluate the prevalence of intestinal pratdectons in these children
and to determine whether the study drugs had an effect on intestinal protozoa. Thrtheyhout
study the ether-concentration method was used on formalin-fixed stool samples.

Methods

Ethics statement

Our randomized controlled trial was approved by the ethics comnuft&asel (EKBB;
reference no. 225/10), and the Ministry of Health and Social Wedfatanzibar (ZAMREC,;
reference no. 0001/010) and is registered at Current Controlled Tl identifier:
ISRCTNO08336605). Participating in the trial required written infinconsent from parents
or legal guardians and oral assent from children. Parents andeohilgire counseled that



participation is voluntary and withdrawal was possible at ang twithout specification of
reasons and further obligations. At the end of the trial, all childtemwere diagnosed with
soil-transmitted helminths received albendazole (single oral dose of 400 mg).

Study area and design

Details of the study area, population and procedures have been depcebieusly [19]. In
brief, the study was carried out in June and July 2011 in children aged/@arksattending
two schools (Wawi and Al-Sadik) located within a radius of 10 km f@make Chake, the
main city of Pemba Island. The study was a randomized contrabiéavith four treatment
arms: (i) single-dose albendazole (400 mg); (ii) single-doszaxanide (1,000 mg); (iii)
nitazoxanide-albendazole combination (1,000 mg—400 mg) with each drug gparmately
on two consecutive days; and (iv) placebo. Of the 657 children, who ceshpihet trial, 550
(83.7%) had formalin-fixed stool samples before and after treditmned were therefore
included in the present study (treatment arms: (i) n = 136, (ii) n = 145, (iii) n =dd. {ivan
= 152; Wawi school: n = 404, Al-Sadik school: n = 146).

Procedures for the diagnosis of intestinal protozoa

Approximately 2 g of stool were fixed in 10 ml of 5% formalin irldéa tubes labeled with
unique identifiers. Stool samples were thoroughly broken down and homedewith a
wooden spatula. The formalin-fixed samples were transferretietdSwiss Tropical and
Public Health Institute (Basel, Switzerland) and examined within 10 months.

The fixed stool samples were processed with an ether-concemtnagithod [20,21]. Briefly,

the homogenized stool sample was filtered through a medical gaoze mew tube and then
centrifuged for 1 min at 500. The supernatant was discarded. To the remaining pellet 7 ml
of physiological NaCl-solution and 2—3 ml of diethyl ether was dddebes were shaken
and centrifuged again for 3 min at 5§0The upper three layers were discarded. The entire
sediment was examined by experienced laboratory technicians aimdieroscope for soil-
transmitted helminths at a magnification of 100x, and intestinabpoatat a magnification

of 400x or 500x using oil immersion. The current analysis focuses ostimatieprotozoa,
including the pathogenic intestinal protozBa intestinalisand E. histolyticdE. dispar (of
note, these twdEntamoebaspecies cannot be differentiated by microscopy [22]); the
potentially pathogenic protozodB. hominis and the non-pathogenic protozga coli, E.
hartmannj E. nana C. mesniliand I. butschlii [7-9,23]. Cryptosporidiumspp. was not
included, since it cannot easily be detected with the formalin-etmeentration technique,
and would have required staining with the modified Ziehl-Neelsen me@w#d Ihfection
intensities were classified as follows: (i) negative (no syst trophozoites in the entire
sediment); (ii) light (one to five cysts or trophozoites per ¥lil@) moderate (one cyst or
trophozoite per observation field at the-400x or 500x magnification); epéhgavy (more
than one cyst or trophozoite per observation field) [21,25].

Statistical analysis

Data were double-entered into an Excel file (Microsoft 2010) and-ctoscked. Statistical
analysis was performed using Stata version 10.1 (StataCorp; College Sta#gn, US

The prevalence of intestinal protozoa was determined before éneta{baseline) and at the
3-week post-treatment follow-up. Differences between prevalahdaseline and follow-up



were assessed usingtest. In the baseline prevalence analyses, the odds of beingeihfe
with a specific intestinal protozoon species for boys comparedIsoagid for children from
Wawi compared to Al-Sadik school was calculated using logistic regression.

Cure rates (CRs) were estimated for each intestinal protogpecies for the different
treatment arms as the percentage of positive childrensali@ diagnosed negative after
treatment. Differences in CRs among treatment arms wereniead using logistic
regressions. Reduction of infection intensity was assessed adiffém@nce in infection
intensities before and after treatment among all individualsafivegindividuals before
treatment were included in the analysis). Mean of differemtasfection intensities was
calculated for each treatment arm and for each intestinal protozoon gpgeiter with 95%
confidence intervals (Cls). Decrease in infection intensity agssimed as significant when
95% CI was below 0.

Results

Prevalence and intensity of intestinal protozoa irdction

Based on the analysis of one formalin-fixed stool sample per ahbdseline, 74.7% of the
children harboured at least one intestinal protozoa species. About tiafaiildren (48.7%)
were infected with at least one of the three (potentiallhqegenic intestinal protozoa. The
prevalence ok. histolytica/E. dispaandG. intestinaliswas 18.0% and 16.4%, respectively
before treatment (Table 1). The potentially pathogenic integtrdbzoonB. hominiswas
diagnosed in 28.0% of the children. Prevalences for the other intgstinatoa were 51.5%
for E. coli, 19.5% forE. nana 13.3% forE. hartmannj 8.2% forC. mesniliand 6.7% fod.
batschlii. For the pathogenic intestinal protozd@nintestinalis 44.4%, 38.9% and 16.7% of
the infections were classified as light, moderate and heavgeatgely. The infection
intensities of other intestinal protozoa species are listed in Table 1.



Table 1Baseline characteristics of included school-aged children on Pembdalsd in
mid-2011 with regard to intestinal protozoa infection

Characteristic, intestinal N (prevalence in %) Girls (%)/boys (%)  Wawi (%)/Al-Sadik
protozoa low (%)/moderate (%)/heavy (%) school (%)
No. of children tested 550 271/279 404/146
G. intestinalis 90 (16.4) 37 (13.7)/53 (19.0) 59 (14.6)/31 (21.1)
40 (44.4)/35 (38.9)/15 (16.7)
E. histolytica/E. dispar 99 (18.0) 53 (19.6)/46 (16.5) 77 (19.1)/22 (15.1)
57 (57.6)/33 (33.3)/9 (9.1)
B. hominis 154 (28.0) 73 (26.9)/82 (29.0) 103 (34.9)/51 (25.5)
125 (81.2)/25 (16.2)/4 (2.6)
E. coli 283 (51.5) 151 (55.7)/132 (47.3) 210 (52.0)/73 (50.0)
101 (35.7)/104 (36.7)/78 (27.6)
E. nana 107 (19.5) 58 (21.4)/49 (17.6) 71 (17.6)/36 (24.7)
62 (57.9)/40 (37.4)/5 (4.7)
E. hartmanni 73 (13.3) 38 (14.0)/35 (12.0) 52 (12.9)/21 (14.4)
57 (78.1)/14 (19.2)/2 (2.7)
C. mesnili 45 (8.2) 27 (6.5)/18 (10.0) 31 (7.7)/14 (9.6)
21 (46.7)/18 (40.0)/6 (13.3)
l. butschlii 37 (6.7) 18 (6.6)/19 (6.8) 22 (5.4)/15 (10.3)
31 (83.8)/5 (13.5)/1 (2.7)
G. intestinalisor E. histolytica/E 268 (48.7) 135 (49.8)/133 (47.8) 187 (46.3)/81 (55.5)
disparor B. hominis
Any intestinal protozoa 411 (74.4) 219 (80.8)/192 (68.2p7 (73.5)/114 (78.1)

Examination of the follow-up stool samples revealed the followirayglences: 49.8% of
children remained infected with at least one of the three (pallghtpathogenic intestinal
protozoa and 69.3% of the children were found positive for at least ongnaitgsotozoa.
The prevalence dB. intestinalis E. histolytica/E. dispaandB. hominisat the 3-week post-
treatment follow-up was 17.3%, 16.4% and 31.1%, respectively (Figure 1). Previetite
non-pathogenic intestinal protozoa species were 42.9%. fooli, 17.5% forE. nana 12.9%
for E. hartmannj 8.2% forl. biitschliiand 6.7% foC. mesnili.According to theé test, only
E. coli (p = 0.004) and all intestinal protozoa combingd=(0.046) showed significantly
lower prevalence at follow-up compared to baseline.

The odds of being infected with any intestinal protozoa at basshsesignificantly higher
for girls than boys (odds ratio (OR) = 1.97; 95% CI 1.32-2.93) (Table 2)e Ties a trend

(p <0.1) that girls were at a higher odds of being infected Rittoli than boys (OR = 1.40;
95% CI 1.00-1.96). Children from Wawi school had significantly lower odds imigbe
infected withE. nana(OR = 0.63; 95% CI 0.40-1.00) ahdbitschlii (OR = 0.50; 95% ClI
0.25-1.00) considering only the baseline stool sample than children fromdikl-Sa
Additionally, there was a trengh €0.1) that children from Wawi school had a lower odds of
being infected withG. intestinalis(OR = 0.66; 95% CI 0.41-1.07) and any of the three
(potentially) pathogenic intestinal protozoa combined (OR = 0.68; 95% CI 0.47-1.00).



Table 20dds ratios (OR) of being infected with intestinal protozoa among school-aged
children on Pemba Island in mid-2011, as assessed by logistic regression

Intestinal protozoa

OR girls vs. boys

OR Wawi vs. Al-Sadik

(95% CI) school (95% CI)
G. intestinalis 0.67 (0.44-1.11) 0.66 (0.41-1.07)
E. histolytica/E. dispar 1.21 (0.78-1.87) 1.30 (0.77-2.19)
B. hominis 0.94 (0.64-1.37) 0.64 (0.43-0.97)*
E. coli 1.40 (1.00-1.96) 1.04 (0.71-1.53)
E. nana 1.34 (0.87-2.05) 0.63 (0.40-1.00)*
E. hartmanni 1.15 (0.70-1.89) 0.87 (0.50-1.50)
C. mesnili 1.65 (0.88-3.09) 0.74 (0.38-1.44)
l. bltschlii 1.04 (0.53-2.04) 0.50 (0.25-1.00)*

G. intestinalisor E. histolytica/E. dispaor B. hominis

1.13 (0.81-1.58) 0.68 (0.47—1.00)*

Any intestinal protozoa

1.97 (1.32-2.93)* 0.72 (0.46-1.14)*

*p <0.05.
Cl, confidence interval.

Effect of antiparasitic treatment against intestind protozoa

Observed CRs were moderate to high for all intestinal protozgzadiess of the treatments
administered (Table 3). The highest CR was observed for the alt®achitazoxanide
combination againgE. nana(CR 91.3%; 95% CI 78.8-100.0%)he lowest CR among the
antiparasitics tested was documented for single-dose albeadayahst. coli (CR 33.3%;
95% CI 22.4-44.3%). Note that the group of children receiving placebo had maddédrage
CRs against intestinal protozoa infections. Comparing the outcomes dreatigent arms
using logistic regression revealed that single-dose nitazoxhaml@ significant effect oB.
coli (OR = 0.35; 95% CI 0.18-0.68). Furthermore, we observed a tper@.1) with the
combination of nitazoxanide plus albendazole agdinstana(OR = 0.18; 95% CI 0.02—
1.27). All other results of the logistic regressions revealedyesabove 0.1; hence, there
was no significant effect compared to placebo.



Table 3Effect of albendazole, nitazoxanide, sequentially administered albendaeel
nitazoxanide combination, and placebo against intestinal protozoa infections amg
school-aged children on Pemba Island in mid-2011

Characteristic Single-dose  Single-dose Nitazoxanide- Placebo
albendazole nitazoxanide albendazole combination

G. intestinalis

No. of infected children 25 21 19 25

No. of children not cured after treatment 10 9 11 12

CR, % (95% CI) 60.0 57.1 42.1 52.0
(39.4-80.6) (34.1-80.2) (17.7-66.6) (31.0-73.0

E. histolytica/E. dispar

No. of infected children 23 23 31 22

No. of children not cured after treatment 10 9 10 10

CR, % (95% CI) 56.5 60.9 67.7 54.5
(34.6-78.4) (39.3-82.4) (50.3-85.2) (31.9-77.1

B. hominis

No. of infected children 35 37 33 49

No. of children not cured after treatment 15 16 10 16

CR, % (95% CI) 57.1 56.8 69.7 67.3
(39.9-74.4) (40.0-73.5) (53.1-86.2) (53.7-81.0

E. coli

No. of infected children 75 82 56 70

No. of children not cured after treatment 50 38 27 50

CR, % (95% CI) 33.3 53.7 51.8 28.6
(22.4-44.3) (42.6-64.7) (38.3-65.3) (17.7-39.4

E. hartmanni

No. of infected children 14 22 18 19

No. of children not cured after treatment 5 5 4 7

CR, % (95% CI) 64.3 77.3 77.8 63.2
(35.6-93.0) (58.3-96.3) (56.5-99.1) (39.3-87.0

E. nana

No. of infected children 24 25 23 35

No. of children not cured after treatment 10 9 2 15

CR, % (95% CI) 58.3 64.0 91.3 57.1
(37.1-79.6) (43.8-84.2) (78.8-100.0) (39.9-74.4

C. mesnili

No. of infected children 17 10 6 12

No. of children not cured after treatment 4 1 1 5

CR, % (95% CI) 76.5 90.0 83.3 58.3
(54.0-99.0) (67.4-100.0) (40.5-100.0) (25.6-91.1

I. butschlii

No. of infected children 5 13 8 11

No. of children not cured after treatment 1 2 2 4

CR, % (95% CI) 80.0 84.6 75.0 63.6




(24.5-100.0)  (61.9-100.0) (36.3-100.0) (29.7-97.5

ClI, confidence interval; CR, cure rate.

Comparing the mean intensity of intestinal protozoa infectionrbefmd 3 weeks after
treatment in the different arms revealed no significant effectmost of the assessed
intestinal protozoa (results not shown). The only significant reductibimgection intensity
(95% CI below 0) were observed in the albendazole-nitazoxanide cdiobigainstE.
histolytica/E. dispa—0.21; 95% CI -0.34—0.09) artd coli (-0.37; 95% CI -0.58-0.16) and
in the nitazoxanide single-dose treatment agdtnsoli infection intensity (-0.37; 95% CI -
0.58-0.16)

Discussion

Since very little is known on the epidemiology of intestinal protamcgub-Saharan Africa,
we analyzed formalin-fixed stool samples obtained from 550 schodl-elgigdren who
participated in a randomized controlled trial on Pemba Island tesadse efficacy and safety
of nitazoxanide, albendazole and a combination of both drugs a@aitngthiura and other
soil-transmitted helminths. This trial found low CRs againsttsaifismitted helminth species
of primary interest [19]. Importantly, the study provided an opportuaighed new light on
the extent of intestinal protozoa infections in a child cohort and trrdete whether the
different study treatments had an effect on intestinal protozoa species.

Our results confirm that intestinal protozoa are a public hesdtreion Pemba Island. Indeed,
almost half of the children were infected with at least onethef three (potentially)
pathogenic intestinal protozoa. When considering the results from teknbaand the 3-
week post-treatment follow-up, assuming that a child who was diagd)post#ive at follow-
up was diagnosed as a false-negative case at baseline, thkepeevof intestinal protozoa
infection was even higher (Figure 1). This issue is most likeiglained by the lack of
sensitivity when examining only a single stool sample with theratoncentration technique,
an important limitation of our study. Hence, in future studies, plalstool samples should
be examined and subjected to the ether-concentration method or motwesensiecular
approaches employed to improve diagnostic accuracy [26,27].

A recent study reported only moderate sensitivity for the ethecentration technique
compared to the FLOTAC technigue when examining the same forfixath stool samples
[28]. However, a study among five European reference laboratoriesedhtvat the
agreement of diagnostic results was only moderate for pathogetestinal protozoa
although the participating centres adhered to the same standaatirgpprocedures for the
ether-concentration technique [21]. In particular,histolyticais frequently misdiagnosed,
even by experienced laboratory personnel [29].

We found that girls were generally at higher odds of an infeetitin any of the intestinal
protozoa encountered than boys. Similar results were found by Molthriviaeady and
colleagues in Malaysia [30]. On the other hand, Trab@d, in a study carried out in school-
aged children in Cote d’'lvoire, reported a considerably higher prewalehadntestinal
protozoa among boys than girls [31], corroborating findings by Cifeettal. from Mexico,
where boys were at higher odds ofza intestinalisinfection that girls [32]. Other studies
found no gender difference at all [33]. These findings indicate titastinal protozoa
infections may be related to gender-specific behaviour withionanwnity. In addition, we



observed statistically significant differences for some of ibestinal protozoa between the
two schools. Hence, even though the schools are located only a fewtkilprapart and the
two settings were quite similar, at least in terms ofa@@nomic status, availability of safe
water supply and sanitation infrastructure, different infection leofivere observed. This
highlights the possibility of ‘micro-geographic’ variability iendemicity of intestinal
protozoa infection. One explanation could be that Al-Sadik school isetbadbse to an
orphanage, where transmission of intestinal protozoa might be enh@thedbehavioural,
infrastructure or environmental factors that may account for ournaigm should be
investigated in future studies.

Intestinal protozoa often co-occur with intestinal nematodes asdherefore important to
determine whether anthelminthic and other antiparasitic drugs hae#eat on concomitant
intestinal protozoa infections. Albendazole, for example, was foundaoemtr meta-analysis
to be as effective as metronidazole agaisintestinalis[34]. The observed CRs against all
intestinal protozoa were moderate to high in the three treatgrenps. However — and
contrary to what we expected — there was also a moderat@érdgagfficacy in the placebo
group, which is difficult to explain other than a diagnostic dilem@®ar findings therefore
have to be interpreted with caution. The high ‘cure rate’ observihvthe placebo group
underscores that analysis of a single stool sample with the lfiorether concentration
technique is unreliable, and hence, the CRs for the three treatthentes investigated here
are likely overestimated. Still, our results show that none odithgs administered as single
dose resulted in cure of all infected children. Only moderate e observed againGi
intestinalis E. histolytica/E. disparand the potentially pathogeni®. hominis.A further
limitation is the relatively small number of positive childifen specific intestinal protozoa.
Infection intensity did not significantly decrease afteatimeent with the exception &. coli

in the nitazoxanide group. Note that intestinal protozoa multipligimvthe host, which can
also influence infection intensity results [35]. Further, the intabatime for different
intestinal protozoa is between 7 and 28 days, meaning that it is pogsblwithin the 3-
week period before and after treatment, re-infection cannot be eadB@<0]. The clinical
relevance of the moderate CRs suggests that single-dose albendanilazoxanide or a
combination of the two drugs do not have sufficient efficacy agaatogenic intestinal
protozoa. However, multiple stool samples should be examined to beange diagnostic
accuracy for these infections.

Conclusion

Our study revealed that intestinal protozoa infections are higalyafent among school-aged
children on Pemba Island, a setting where these intestinal protereanot considered of
major importance thus far. The difficulty in accurately diagmgsintestinal protozoa
infections, also experienced in our study, might be one of the ob#ésbns why these
pathogens and the diseases they cause are often neglected, eedings svhere mass
treatment are underway against intestinal helminth infectionf [Ple prevalence of
intestinal protozoa is therefore unknown in many settings and comébgqtige disease
burden cannot be fully quantified [41]. Accurate diagnostic tools tmatbe applied at the
point-of-care are thus urgently required. Finally, drugs and effettament regimens for
intestinal protozoa infections to be used in public health campaigns are still fareatiof



Competing interests

None of the authors has any conflict of interest concerning the work reportesi paper.

Authors’ contributions

BS, ShMA, SaMA, JU, MA and JK designed the study; BS, HM, ShMA, Sahdhd JK
implemented the study; BS managed the data; BS, HM, IIB, JU KEndndlyzed and
interpreted the data; BS wrote the first draft of the papht, ShMA, SaMA, 1B, JU, MA
and JK revised the manuscript. All authors read, and approved the niginpsior to
submission and assisted with the final revision of the manuscript.

References

1. Feng Y, Xiao LZoonotic potential and molecular epidemiology ofiardia species and
giardiasis. Clin Microbiol Rev2011,24:110-140.

2. Stanley SLAmoebiasis.Lancet2003,361:1025-1034.

3. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, Abrahafdair T,

Aggarwal R, Ahn SYet al Global and regional mortality from 235 causes of death for
20 age groups in 1990 and 2010: a systematic analysis for the Global &em of Disease
Study 2010.Lancet2012,380:2095—-2128.

4. Escobedo AA, Cimerman S3iardiasis: a pharmacotherapy review. Expert Opin
Pharmacothe2007,8:1885-1902.

5. Jex AR, Smith HV, Nolan MJ, Campbell BE, Young ND, Cantac€ssGasser RB:
Cryptic parasite revealed improved prospects for treatmeh and control of human
cryptosporidiosis through advanced technologie®\dv Parasitol2011,77:141-173.

6. Davies AP, Chalmers RNCryptosporidiosis. BMJ 2009,339b4168.

7. Stensvold CR, Lewis HC, Hammerum AM, Porsbo LJ, Nielsen SSnh ®l&e Arendrup
MC, Nielsen HV, Mglbak KBlastocystis unravelling potential risk factors and clinical
significance of a common but neglected parasit&pidemiol Infec2009,137:1655—-1663.

8. Leder K, Hellard ME, Sinclair Ml, Fairley CK, Wolfe RIio correlation between clinical
symptoms and Blastocystis hominisn immunocompetent individuals. J Gastroenterol
Hepatol2005,20:1390-1394.

9. Sheehan DJ, Raucher BG, McKitrick J&&sociation ofBlastocystis hominigvith signs
and symptoms of human diseasd. Clin Microbiol 1986,24:548-550.

10. Yoder JS, Harral C, Beach MGiardiasis surveillance-United States, 2006—2008.
MMWR Surveill Sumr2010,59:15-25.



11. Hellard ME, Sinclair MI, Hogg GG, Fairley CKrevalence of enteric pathogens
among community based asymptomatic individuals.J Gastroenterol HepatoR000,
15:290-293.

12. Taylor DN, Houston R, Shlim DR, Bhaibulaya M, Ungar BL, Eché&vé?: Etiology of
diarrhea among travelers and foreign residents in NepalAMA 1988,2601245-1248.

13. Escobedo AA, Almirall P, Alfonso M, Cimerman S, Rey S, Terry Bieatment of
intestinal protozoan infections in children.Arch Dis Child2009,94:478-482.

14. Rodriguez-Garcia R, Rodriguez-Guzman LM, Cruz del Castillo Bff&ctiveness and
safety of mebendazole compared to nitazoxanide in the treatmeant Giardia lambliain
children. Rev Gastroenterol Mek999,64:122—-126.

15. Yereli K, Balcioglu IC, Ertan P, Limoncu E, Onag Albendazole as an alternative
therapeutic agent for childhood giardiasis in Turkey.Clin Microbiol Infect2004,10:527—
529.

16. Ortiz JJ, Ayoub A, Gargala G, Chegne NL, FavenneRdndomized clinical study of
nitazoxanide compared to metronidazole in the treatment of syptomatic giardiasis in
children from northern Peru. Aliment Pharmacol The2001,15:1409-1415.

17. Pampiglione S, Visconti S, Stefanini fduman intestinal parasites in sub-Saharan
Africa. Ill. Pemba Island (Zanzibar-Tanzania)]. Parassitologial987,29:27-35. in Italian.

18. Albonico M, De Carneri |, Di Matteo L, Ghiglietti R, ToscanoUredi MK, Savioli L:
Intestinal parasitic infections of urban and rural children on Pemba Island:
implications for control. Ann Trop Med Parasitdl993,87:579-583.

19. Speich B, Ame SM, Ali SM, Alles R, Hattendorf J, UtzingeAlhonico M, Keiser J:
Efficacy and safety of nitazoxanide, albendazole, and nitazoxanide-allagzole against
Trichuris trichiura infection: a randomized controlled trial. PLoS Negl Trop Di012,
6:€1685.

20. Marti H, Escher ESAF-an alternative fixation solution for parasitological stool
specimensSchweiz Med Wochensct®90,120.1473-1476. in German.

21. Utzinger J, Botero-Kleiven S, Castelli F, Chiodini PL, Edw&fdKohler N, Gulletta M,
Lebbad M, Manser M, Matthys Bt al Microscopic diagnosis of sodium acetate-acetic
acid-formalin-fixed stool samples for helminths and intestial protozoa: a comparison
among European reference laboratoriesClin Microbiol Infect2010,16:267-273.

22. Diamond LS, Clark CGA redescription of Entamoeba histolyticasSchaudinn, 1903
(Emended Walker, 1911) separating it fromEntamoeba dispaBrumpt, 1925.J Eukaryot
Microbiol 1993,40:340-344.

23. Pierce KK, Kirkpatrick BD:Update on human infections caused by intestinal
protozoa. Curr Opin GastroenteroR009,25:12—-17.

24. Leitch GJ, He QCryptosporidiosis-an overview.J Biomed Reg012,25:1-16.



25. Coulibaly JT, Furst T, Silué KD, Knopp S, Hauri D, Ouattara K&jrdger J, N'Goran
EK: Intestinal parasitic infections in schoolchildren in diferent settings of Cote
d’lvoire: effect of diagnostic approach and implications for corrol. Parasit Vectors
2012,5:135.

26. Marti H, Koella JCMultiple stool examinations for ova and parasites and rate of
false-negative resultsJ Clin Microbiol 1993,31:3044—-3045.

27. van Lieshout L, Verweij JNewer diagnostic approaches to intestinal protozoaurr
Opin Infect Dis2010,23:488-493.

28. Becker SL, Lohourignon LK, Speich B, Rinaldi L, Knopp S, N'Goran EK, dotinG,
Utzinger J: Comparison of the Flotac-400 dual technique and the formalkether
concentration technique for diagnosis of human intestinal mtozoon infection.J Clin
Microbiol 2011,49:2183-2190.

29. Rayan HZEMicroscopic overdiagnosis of intestinal amoebiasigd. Egypt Soc Parasitol
2005,35:941-951.

30. Mohammed Mahdy AK, Surin J, Wan KL, Mohd-Adnan A, Hesham Al-Mekhl&i, M
Lim YAL: Giardia intestinalis genotypes: risk factors and correlation with clinical
symptoms.Acta Trop2009,11267-70.

31. Traoré SG, Odermatt P, Bonfoh B, Utzinger J, Aka ND, Adoubryn KD, ASsouAm
Dreyfuss G, Koussémon MNo Paragonimusin high-risk groups in Cote d'lvoire, but

considerable prevalence of helminths and intestinal protozoanfections. Parasit Vectors
2011,4:96.

32. Cifuentes E, Suarez L, Espinosa M, Juarez-Figueroa L, MaRgelemo A:Risk of
Giardia intestinalis infection in children from an artificially recharged groundw ater
area in Mexico City. Am J Trop Med Hy@004,71:.65-70.

33. Prado MS, Strina A, Barreto ML, Oliveira-Assis AM, Paz LMair@cross S:Risk
factors for infection with Giardia duodenalisin pre-school children in the city of
Salvador. Brazil. Epidemiol Infec2003,131:899-906.

34. Solaymani-Mohammadi S, Genkinger JM, Loffredo CA, Singer Skfieta-analysis of
the effectiveness of albendazole compared with metronidazolas treatments for
infections with Giardia duodenalisPLoS Negl Trop Di2010,4:e682.

35. Wright SGProtozoan infections of the gastrointestinal tractinfect Dis Clin North Am
2012,26:323-339.

36. Rendtorff RC:The experimental transmission of human intestinal protozoan
parasites. Il. Giardia lamblia cysts given in capsulesAm J Hyg1954,59:209-220.

37. Rendtorff RC, Holt CJrhe experimental transmission of human intestinal protozoan
parasites. IV. Attempts to transmit Endamoeba coli and Giarda lamblia cysts by water.
Am J Hygl954,60:327-338.



38. Jokipii AM, Hemila M, Jokipii LProspective study of acquisition oCryptosporidium
Giardia lamblia, and gastrointestinal illnessLancet1985,326:487-489.

39. Katz M, Despammier DD, Gwadz RWarasitic DiseasesNew York, N.Y: Springer;
1989.

40. Garcia LS, Bruckner DADiagnostic Medical Parasitology3rd edition. Washington,
D.C.: ASM Press; 1997.

41. Okhuysen PCTraveler’'s diarrhea due to intestinal protozoa.Clin Infect Dis 2001,
33110-114.



Prevalence %

100 )
90 < &
R o
80 ® © e
70 3 g B 1984 (Pampiglione et al., 1987)
X X <X
60 5 O o3l O 2011 (Baseline)
50 ¢ 2 Do 2 &
b R g
40 ES P e Y 3 < N 01 (Follow-up)
e B=R & Re® S
20 §EN r}fg ;: ES PR S B 2011 (Combined)
20 X = N | N w §§u ﬂﬁ §§a
10 = B g & Som B £ Sop g
o0 ® < o~ N N
o B - ) ] - =] S =
o $ © N o N & . o
O O
&8 S S & N g N O © .8 5§
2 & o & & & ) NS 3
& N Q 9 & N L9 R
§ & 8 VoS &6
o N &N $ &
9 s & &
$ S &9
& N S
Figure 1 o



	Start of article
	Figure 1

