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Abstract. We tested a prototype stool enzyme-linked immunosorbent assay (ELISA) (TRI-COMBO) that is simul-
taneously diagnostic for Giardia lamblia, Cryptosporidium parvum, and Entamoeba histolytica in a rural pediatric clinic
in Guatemala. We compared its results to those of three individual ELISAs for these parasites, assessed the prevalence of
these parasites, and compared our findings to those found by stool microscopy. We tested 620 non-diarrheal stools. The
TRI-COMBO diagnosed 57 positive samples and 52 (91%) had a correlating positive result in an individual assay, giving
a kappa coefficient of 0.90. Giardia spp., E. histolytica, and Cryptosporidium spp. were detected in 52 (8.4%), 2 (0.3%),
and 3 (0.5%) samples, respectively. Twenty-three (40%) samples positive by ELISA for Giardia spp. were identified by
microscopy. This study is the first to test the TRI-COMBO in this setting and, to our knowledge, represents the first
assessment of these parasites in Guatemala by stool ELISA.

INTRODUCTION

Diarrheal illness is a significant source of morbidity and
mortality in the developing world. It is one of the primary
causes of mortality in children less than five years of age in
developing countries, where it accounts for 1.8 million deaths
annually.1 Diarrheal illness in early childhood also contributes
to future physical stunting and cognitive impairment.2 There
are an estimated 58 million cases of childhood protozoal diar-
rhea annually withGiardia lamblia, Cryptosporidium parvum,
and Entamoeba histolytica responsible for most of these
cases.3,4 These parasites are transmitted by the fecal-oral route
and are consistently found with higher prevalence in develop-
ing countries in association with poor water and sanitation.
Our understanding of these parasites and their epidemiology

has advanced greatly over the past 20 years. Cryptosporidium
parvum was first reported as a human pathogen in 1976,
and what was formerly named Entamoeba histolytica was
determined to be two separate but morphologically indistin-
guishable species in 1993: the pathologic E. histolytica and
non-pathologic E. dispar.5–7 E. moshkovskii is a third mor-
phologically identical species that is being increasingly recog-
nized as a human colonizer with unclear pathogenicity.
Along with these developments have come improved diag-

nostic capabilities. Whereas 10 years ago most studies involv-
ing these parasites were conducted using stool microscopy,
current stool antigen enzyme-linked immunosorbent assay
(ELISA), immunochromatography, immunofluorescence, and
polymerase chain reaction have made diagnosis of these
pathogens far more sensitive and specific. The ELISA has
potential as a useful tool in the developing world because of
its ease of use, transportability, and relatively low cost. Sensi-
tivities of stool antigen ELISAs for G. lamblia, C. parvum,
and E. histolytica are reported to be 96–100%, 91–97%, and
90%, and specificities are reported to be 100%, 99–100%, and
> 90%, respectively.8,9 These values compared favorably with
stool microscopy sensitivities of 50–70%, 84%, and 5–60% for

G. lamblia, C. parvum, and E. histolytica, and specificities of
99% for C. parvum and 10–50% for E. histolytica (the test
characteristics of stool microscopy for C. parvum assume use
of acid-fast staining).9–11 A new prototype screening stool
ELISA, TRI-COMBO PARASITE SCREEN (TechLab,
Inc., Blacksburg, VA) (TRI-COMBO) has been developed
that is simultaneously diagnostic for G. lamblia, E. histolytica,
and C. parvum.12 It is specific for E. histolytica and does not
cross-react with E. dispar or E. moshkovskii. This ELISA
cannot distinguish between the three protozoa, but would
provide an easier less expensive screening tool for identifying
the presence of enteric infections.
There is little current data using these modern diagnostic

techniques to assess the burden of G. lamblia, E. histolytica,
and C. parvum in Guatemala. The current study determines
the point prevalence of these pathogens in a primarily indige-
nous and rural population in the Palajunoj Valley in the west-
ern highlands of Guatemala, assesses the feasibility of using
stool antigen ELISA as a diagnostic technique in a small rural
clinic, and compares the results of the TRI-COMBO Test to
Food and Drug Administration–approved individual ELISAs
for these three pathogens.

MATERIALS AND METHODS

Study population. The study took place in a non-profit
health clinic (Primeros Pasos) in the Palajunoj Valley in the
western highlands of Guatemala during August 4–October 28,
2010. This clinic serves rural, indigenous families living in the
valley, located near Quetzaltenango, the second largest city in
Guatemala. In this region 95% of the persons are indigenous
Quiche Maya and 92.7% of the population is rural.13 Students
from the valley’s 10 communities around the clinic are invited
annually to have health screenings and receive nutrition and
health education. There are 5,228 children 5–15 years of age
in the valley (2004 census data) and 56.8% of these children
were enrolled in public schools. Of the children enrolled in
public schools, 91% were seen in the Primeros Pasos clinic.13

Study design. Students from kindergarten through sixth
grade attend the clinic for health screening. They are rou-
tinely given an empty plastic container 1–2 days before their
visit and are asked to bring a stool sample with them to clinic
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for detection of parasites by microscopy. In 2007, approxi-
mately two-thirds of the students provided stool samples.13

The clinic also provides services to daycare centers in the valley
where children are 18 months through 6 years of age. Patients
also attend the clinic outside of these screenings because of
acute medical issues and occasionally to provide stool samples.
In this cross-sectional study, all stool samples brought to

the clinic or obtained at daycare centers during the study
period were examined by ELISA stool antigen detection by
the study investigators. Samples were studied according to the
clinic’s usual procedure using normal saline wet mount
microscopy by the clinic’s laboratory technician. When cysts
were noted on microscopy iodine staining was used to further
identify pathogens. The samples were coded and the study
investigator did not have access to information about the
patients giving the samples. After completion of the ELISAs,
the investigator learned the results of microscopy, and results
of the individual ELISAs were given to the clinic.
Stool antigen ELISA. Stools were collected 1–2 days before

clinic visit by patients. Samples were not fixed in formalin or
other preservatives or refrigerated. Sampleswere tested imme-
diately upon arrival at the clinic except in a few cases where
samples were brought in late in the day. These samples were
tested the next business day and were stored at room tempera-
ture. Stool samples were tested with individual stool antigen
ELISA (CRYPTOSPORIDIUM II, E. HISTOLYTICA II,
and GIARDIA II), as well as the TRI-COMBO ELISA, all
produced by TechLab per manufacturer’s instructions. During
the study period, because certain reagents ran out and could
not be immediately replaced, some samples were only tested
on a subset of the four types of ELISAs. Water used for buffer
solution was de-mineralized, purified water as opposed to
de-ionized water. Because there was no refrigeration avail-
able, ELISA kits were stored in coolers with ice replaced
Monday through Friday. Because there was no optical density
reader available, results were read visually in accordance with
manufacturer’s instructions.
Statistical analyses. Results of ELISA and microscopy were

recorded by usingMicrosoft (Redmond,WA)Excel. The point
prevalence of G. lamblia, E. histolytica, and C. parvum was
calculated for patients seen. Using theGIARDIA IIELISA as
the reference, we determined the specificity and sensitivity of
microscopy forG. lamblia detection.Using the three individual
ELISAs,GIARDIA II, E. HISTOLYTICA II, and CRYPTO-
SPORIDIUM II together as the reference, we determined the
specificity and sensitivity of the TRI-COMBO Test. For this
calculation, a stool sample that was positive by any of the
ELISAs was considered positive and a stool sample that was
negative by all three ELISAs was considered negative.
Sensitivity, specificity, positive predictive value, and nega-

tive predictive value were calculated as follows: sensitivity = 100
[a/(a+ c)], specificity= 100[d/(d+ b)], negative predictive value=
100[d/(c + d)], and positive predictive value = 100[a/(a + b)],

where sample a is a true positive, b is a false positive, c is a false
negative, and d is a true negative. Cohen’s Kappa coefficient
andMcNemar’s Test were used to determine the level of agree-
ment between the TRI-COMBO Test and individual ELISAs
andbetweenmicroscopyand individualELISAs.UsingCohen’s
Kappa magnitude reflects the strength of agreement where
1 implies perfect agreement. Using McNemar’s test P < 0.05
indicates that a difference between the two testing methods is
statistically significant.
Ethics. The study protocol was submitted to the Institu-

tional Review Board of the of University of Virginia Health
System and was determined to not require further Institu-
tional Review Board approval because it involved coded bio-
logical specimens that were not acquired for this study.

RESULTS

The laboratory received 723 samples during the study
period, and 620 samples were tested by all ELISAs andmicros-
copy. Statistical results were calculated for these 620 samples.
Samples were received primarily from students 18 months to
12 years of age and a small number were collected from chil-
dren outside this age range.
Giardia spp., E. histolytica, and Cryptosporidium spp. were

detected in 52 (8.4%), 2 (0.3%), and 3 (0.5%) samples,
respectively, and no sample was positive for more than one
pathogen when assessed by individual ELISA. Giardia spp.,
E. histolytica/dispar, and Cryptosporidium spp. were detected
in 35 (5.7%), 3 (0.5%), and 0 samples, respectively, when
assessed by stool microscopy (Table 1). Of the 57 positive
samples detected by individual ELISAs, only 23 (40%) were
also positive by microscopy. For the 52 samples positive for
Giardia spp. by ELISA, 23 were identified by microscopy,
giving a Kappa coefficient of 0.49 and indicating only fair
agreement. McNemar’s test had a P value of 0.012, indicating
that there was a significant difference between the two tests.
There were few samples positive by microscopy or ELISA for
E. histolytica, and there was no correlation between ELISA
and microscopy for this pathogen. Because acid-fast staining

Table 1

Case detection of Giardia spp., Entamoeba histolytica, and
Cryptosporidium spp. by ELISA and microscopy, Guatemala*

Organism ELISA Microscopy ELISA and microscopy

Giardia lamblia 52 (8.4) 35 (5.7) 23 (3.7)
Entamoeba histolytica 2 (0.3) 3 (0.5) 0
Cryptosporidium parvum 3 (0.5) 0 0

*Values are no. (%). ELISA = enzyme-linked immunosorbent assay.

Table 2

Test parameters of microscopy for Giardia spp. detection using
ELISA as a reference, Guatemala*

Parameter ELISA positive ELISA negative

No. microscopy positive 23 12
No. microscopy negative 29 556
Specificity 98% NA
Sensitivity 44% NA
Positive predictive value 66% NA
Negative predictive value 95% NA

*ELISA = enzyme-linked immunosorbent assay; NA = not applicable.

Table 3

Test parameters of TRI-COMBO for all parasites using individual
ELISA as a reference, Guatemala*

Parameter
Individual ELISA

positive
Individual ELISA

negative

No. TRI-COMBO positive 52 5
No. TRI-COMBO negative 5 558
Specificity 99% NA
Sensitivity 91% NA
Positive predictive value 91% NA
Negative predictive value 99% NA

*ELISA = enzyme-linked immunosorbent assay; NA = not applicable.
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was not performed in this laboratory, Cryptosporidium spp.
was not detected bymicroscopy.UsingELISA as the reference
test for Giardia spp., we determined that microscopy had a
specificity of 98%, a sensitivity of 44%, a positive predictive
value of 66%, and a negative predictive value of 95%(Table 2).
Using the TRI-COMBO, we found 57 positive samples.

Of those samples positive by TRI-COMBO, 52 (91%) had a
correlating positive individual assay. This finding gave a
Kappa Coefficient of 0.90, which indicated good agreement
between the TRI-COMBO and the individual assays (Table 3).
McNemar’s test had aP value of 1.000 , indicating that there was
no significant difference between the two testing methods.
Using individual ELISA as the reference test, we found that the
TRI-COMBO had a specificity of 99%, a sensitivity of 91%, a
positive predictive value of 91%, and a negative predictive value
of 99% (Table 3).
Other parasites were detected by microscopy beyond those

being tested for using ELISA. Other parasites and their prev-
alence noted in the 723 samples examined by light microscopy
during the study period are shown in Table 4.
Few studies have examined the prevalence of enteric pro-

tozoa in Guatemala. A PubMed search of “Guatemala” and

each of the three parasites yielded a total of 15 articles with
epidemiologic data over the past 40 years (Table 5). Most of
these studies determined prevalence by using microscopy with
or without acid-fast staining or immunofluorescence. One
study used serologic analysis to assess seroconversion. This is
the first study that has attempted to assess prevalence of these
pathogens by using stool antigen ELISA.

DISCUSSION

We found a surprisingly low prevalence of all parasites,
including the protozoa of interest. A retrospective analysis
published in 2009 reported rates of parasitic infection based
on stool microscopy at this same clinic of 13.3% and 18.1% of
children for G. lamblia and E. histolytica infections, respec-
tively.13 That study compiled data from an entire year and all
of the 10 communities that visit the clinic, whereas our study
was more limited. Seasonal variability or the individual com-
munities tested may have played a role in the difference in
rates of infection between our study and theirs.
As expected, there was only fair agreement between

microscopy and ELISA, represented by the low Kappa coef-
ficient of 0.49. We had anticipated that microscopy would
miss cases of Giardia spp. detected by ELISA, but we also
found samples were reported positive by microscopy and not
by ELISA. Because microscopy has traditionally been the
gold standard for diagnosis of Giardia spp., its specificity is
unclear from the literature, but is in part related to the skill
and experience of the microscopist. However the specificity of
stool ELISA is reported to be 100%, and this testing modality
is less user dependent.8 Unfortunately, we had no facilities to
perform the polymerase chain reaction, but given the test
parameters of stool ELISA for detecting Giardia spp., results
by this method are likely more reliable.
Use of ELISA enabled detection of an additional 29 cases of

Giardia infection, more than doubling the true positive case
detection by microscopy among 620 children. Increasing the

Table 4

Parasite case detection and prevalence by light microscopy,
Guatemala

Parasite No cases (% of total)

Endolimax nana 22 (3)
Trichomonas hominis 2 (0.3)
Hymenolepsis nana 57 (7.9)
Entamoeba coli 27 (3.7)
Blastocystis hominis 17 (2.4)
Ascaris lumbricoides 111 (15.4)
Strongyloides stercoralis 1 (0.1)
Enterobius vermicularis 1 (0.1)
Trichuris trichiura 2 (0.3)
Iodamoeba butschlii 10 (1.4)
Taenia saginata 1 (0.1)

Table 5

Summary of articles with epidemiologic data for Guatemala and Giardia lamblia, Entamoeba histolytica, or Cryptosporidium parvum*
Parasite Year Location Technique Reference

Giardia lamblia, Entamoeba
histolytica

1963–1972 Santa Maria Cauqué Weekly stool study† Melvin and Mata18

G. lamblia 1964–1969 Santa Maria Cauqué Weekly stool microscopy Farthing and others19

G. lamblia 1978–1979 Santa Maria Cauqué Stool microscopy Gupta and Urrutia20

Cryptosporidium parvum 1985–1986 Guatemala City Stool microscopy and staining
with methylene blue

Cruz and others21

E. histolytica, C. parvum,
G. lamblia

1991 Guatemala, Peace Corps Stool microscopy with AF
and IF

Herwaldt and others22

G. lamblia, E. histolytica 1993 Guatemala City Stool microscopy Grazioso and others23

C. parvum 1997–1998 Guatemala City Stool microscopy with AF
and UV epifluorescence,
confirmed by IF

Bern and others24

Cryptosporidium (4 subtypes) 1998–2000 China, Guatemala, India,
Kenya, Portugal, Slovenia

Stool PCR for subgenotype
analysis

Peng and others25

C. parvum 1999 San Juan Serum IgG by ELISA Steinberg and others26

G. duodenalis, Entamoeba sp. 2001 La Mano de Leon,
Santa Maria de Jesus

Stool microscopy Jensen and others27

C. parvum, G. lamblia 2001–2002 Sacatepéquez Serum ELISA Crump and others28

C. parvum 2001–2002 Lake Atitlan Stool microscopy with AF Laubach and others29

C. parvum 2003 Rural areas around
Guatemala City

IF of drinking water Dowd and others30

E. histolytica, G. lamblia 2004–2007 Palajunoj Valley Stool microscopy Cook and others13

E. histolytica, G. lamblia 2009 Antigua, Rio Dulce Stool microscopy Jensen and others31

*AF = acid-fast staining; IF = immunofluorescence; UV = ultraviolet; PCR = polymerase chain reaction; ELISA = enzyme-linked immunosorbent assay.
†Details of stool study method not reported.
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sensitivity of diagnostics for enteric infections may be impor-
tant for preventing morbidity. Studies in Brazil have shown
reduced physical fitness associated with early childhood diar-
rhea years afterwards, growth deficits of 3.6 cm at seven years
of age, and cognitive deficits.14–16 Although mortality from
diarrheal illness has greatly decreased since 1955, rates of illness
have not changed, suggesting that morbidity remains severe.17

In performing this study we hoped to determine the feasi-
bility of using ELISA stool detection routinely in a small rural
clinic. The laboratory available consisted of a small sink, two
desks, small waste basket, and a window. Equipment included
a light microscope and a centrifuge. There was no available

refrigeration for laboratory use. In this setting, it was possible
to perform ELISAs. Because the lack of refrigeration meant
that samples had to be tested the day they arrived, batching
samples over multiple days was not possible. The samples
were collected at home 1–2 days before being brought to the
laboratory and rarely were tested the next business day. This
limitation may have adversely affected the ELISA results.
However, it more likely affected the detection of protozoa by
microscopy, which might explain the low sensitivity of micros-
copy in our study. Conducting four ELISAs required signifi-
cant space and produced more solid waste than was typical for
the laboratory. Limitations affecting the ELISA performance
included the type of water used for mixing the buffer solution,
lack of an optical density reader, and lack of refrigeration.
However, positive and negative controls were consistently
within manufacturer’s specifications, reassuring us that this

did not affect our results.
The TRI-COMBO showed a good correlation with individ-

ual assays. In locations with high numbers of all three para-
sites, this correlation would provide a simplified method of
screening stools for a variety of infections after which positive
samples could be tested further for individual pathogens. The
time required for a single laboratory technician to perform
three separate ELISAs is substantial and using the TRI-

COMBO could decrease this time considerably.
The prevalence of Giardia spp., E. histolytica, and Crypto-

sporidium spp. among school children in the Palajunoj Valley
measured by stool antigen ELISA was lower than previously
reported at 8.4%, 0.3% and 0.5%, respectively. Use of a stool
antigen ELISA can greatly augment case detection of these
pathogens and is feasible in a rural laboratory, but does
require additional equipment and laboratory space, and pro-
duces more solid waste than standard microscopy. Use of a
triple-screening ELISA such as the TRI-COMBO is accurate
and can be used to simplify the ELISA screening process where
giardiasis, cryptosporidiosis, and/or amebiasis are suspected.
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and Margarita Tay for assistance; TechLab for generously donating
the ELISA kits and supplies; and the Hook Fund of the University of
Virginia for providing funding for travel expenses.

Financial support: This study was supported by National Institute of
Health AI-43596 to William A. Petri Jr. Support for travel was pro-
vided by The Hook Fund of the University of Virginia.

Disclosure: William A. Petri Jr. receives royalty income from
TechLab for amebiasis diagnostics. These royalties are donated in
their entirety to the American Society of Tropical Medicine and

Hygiene without benefit to Dr. Petri. None of the other authors
reports a conflict of interest.

Authors’ addresses: Julia denHartog,DivisionofGeneralMedicine,Geri-
atrics and Palliative Care, University of Virginia Health System,
Charlottesville, VA, E-mail: jrd2t@virginia.edu. Laura Rosenbaum,
Department ofCounseling andPsychological Services, College ofEduca-
tion, Georgia State University, Atlanta, GA, E-mail: laurarosenbaum@
yahoo.com.ZacharyWood, PhysicianAssistant Program,Emory Uni-
versity, Atlanta, GA, E-mail: zacharytwood@gmail.com. David Burt,
University of Virginia Health System, Charlottesville, VA, E-mail:
drb5p@virginia.edu. William A. Petri Jr., Division of Infectious Dis-
eases and International Health, University of Virginia Health System,
Charlottesville VA, E-mail: wap3g@virginia.edu.

REFERENCES

1. Mathers C, Fat DM, Boerma J, 2008. The Global Burden of
Disease: 2004 Update. Geneva: World Health Organization.

2. Dillingham R, Guerrant RL, 2004. Childhood stunting: measur-
ing and stemming the staggering costs of inadequate water and
sanitation. Lancet 363: 94.

3. De La Sante OM, 2004. WHO/PAHO Informal Consultation
on Intestinal Protozoal Infections. Geneva: World Health
Organization.

4. Pierce KK, Kirkpatrick BD, 2009. Update on human infections
caused by intestinal protozoa. Curr Opin Gastroenterol 25: 12.

5. Meisel J, Perera D, Meligro C, Rubin C, 1976. Overwhelming
watery diarrhea associated with a Cryptosporidium in an
immunosuppressed patient. Gastroenterology 70: 1156.

6. Chen XM, Keithly JS, Paya CV, LaRusso NF, 2002. Cryptospo-
ridiosis. N Engl J Med 346: 1723–1731.

7. WHO, 1997. Amoebiasis. Wkly Epidemiol Rec 72: 97–100.
8. Garcia LS, Shimizu RY, 1997. Evaluation of nine immunoassay

kits (enzyme immunoassay and direct fluorescence) for detec-
tion of Giardia lamblia and cryptosporidium parvum in human
fecal specimens. J Clin Microbiol 35: 1526.

9. Petri W Jr, Haque R, Lyerly D, Vines R, 2000. Estimating the
impact of amebiasis on health. Parasitol Today 16: 320–321.

10. Mank T, Zaat JO, Deelder A, van Eijk JT, Polderman A, 1997.
Sensitivity of microscopy versus enzyme immunoassay in the
laboratory diagnosis of giardiasis. Eur J Clin Microbiol Infect
Dis 16: 615–619.

11. Morgan UM, Pallant L, Dwyer B, Forbes D, Rich G, Thompson
R, 1998. Comparison of PCR and microscopy for detection of
Cryptosporidium parvum in human fecal specimens: clinical
trial. J Clin Microbiol 36: 995.

12. Christy NCV, Hencke JD, Escueta-De Cadiz A, Nazib F, von
Thien H, Yagita K, Ligaba S, Haque R, Nozaki T, Tannich E,
2012. Multi-site performance evaluation of an ELISA for the
detection of Giardia, cryptosporidium, and Entamoeba
histolytica antigens in human stool. J Clin Microbiol 50:
1762–1763.

13. Cook DM, Swanson RC, Eggett DL, Booth GM, 2009. A retro-
spective analysis of prevalence of gastrointestinal parasites
among school children in the Palajunoj Valley of Guatemala.
J Health Popul Nutr 27: 31.

14. Guerrant DI, Moore SR, Lima AA, Patrick PD, Schorling
JB, Guerrant RL, 1999. Association of early childhood
diarrhea and cryptosporidiosis with impaired physical fit-
ness and cognitive function four-seven years later in a poor
urban community in northeast Brazil. Am J Trop Med Hyg
61: 707.

15. Moore S, Lima A, Conaway M, Schorling J, Soares A, Guerrant
R, 2001. Early childhood diarrhoea and helminthiases asso-
ciate with long-term linear growth faltering. Int J Epidemiol
30: 1457.

16. Niehaus MD, Moore SR, Patrick PD, Derr LL, Lorntz B, Lima
AA, Guerrant RL, 2002. Early childhood diarrhea is associ-
ated with diminished cognitive function 4 to 7 years later in
children in a northeast Brazilian shantytown. Am J Trop Med
Hyg 66: 590.

17. Guerrant RL, Kosek M, Lima AAM, Lorntz B, Guyatt HL, 2002.
Updating the DALYs for diarrhoeal disease. Trends Parasitol
18: 191–193.

170 DEN HARTOG AND OTHERS



18. Melvin DM,Mata LJ, 1971. Intestinal parasites in aMayan-Indian
village of Guatemala.Rev LatinoamMicrobiol 13: 15–19.

19. Farthing M, Mata L, Urrutia JJ, Kronmal RA, 1986. Natural his-
tory ofGiardia infection of infants and children in rural Guate-
mala and its impact on physical growth.Am JClin Nutr 43: 395.

20. Gupta MC, Urrutia JJ, 1982. Effect of periodic antiascaris and
antigiardia treatment on nutritional status of preschool chil-
dren. Am J Clin Nutr 36: 79.

21. Cruz JR, Cano F, Caceres P, Chew F, Pareja G, 1988. Infection
and diarrhea caused byCryptosporidium sp. among Guatemalan
infants. J Clin Microbiol 26: 88.

22. Herwaldt BL, De Arroyave KR, Wahlquist SP, De Merida AM,
Lopez AS, Juranek DD, 2001. Multiyear prospective study of
intestinal parasitism in a cohort of peace corps volunteers in
Guatemala. J Clin Microbiol 39: 34.

23. Grazioso CF, IsalgueM, de Ramirez I, RuzM, Solomons NW, 1993.
The effect of zinc supplementation on parasitic reinfestation of
Guatemalan schoolchildren. Am J Clin Nutr 57: 673.

24. Bern C, Hernandez B, Lopez MB, Arrowood MJ, De Merida
AM, Klein RE, 2000. The contrasting epidemiology of Cyclo-
spora and Cryptosporidium among outpatients in Guatemala.
Am J Trop Med Hyg 63: 231.

25. Peng MM, Matos O, Gatei W, Das P, Stantic-Pavlinic M, Bern C,
Sulaiman IM, Glaberman S, Lal AA, Xiao L, 2001. A compar-
ison of Cryptosporidium subgenotypes from several geo-
graphic regions. J Eukaryot Microbiol 48: 28s–31s.

26. Steinberg EB, Mendoza CE, Glass R, Arana B, Lopez MB, Mejia
M, Gold BD, Priest JW, Bibb W, Monroe SS, 2004. Prevalence
of infection with waterborne pathogens: A seroepidemiologic
study in children 6–36 months old in San Juan Sacatepequez,
Guatemala. Am J Trop Med Hyg 70: 83.

27. Jensen L, Marlin J, Dyck D, Laubach H, 2009. Effect of tourism
and trade on intestinal parasitic infections in Guatemala. J
Community Health 34: 98–101.

28. Crump JA, Mendoza CE, Priest JW, Glass RI, Monroe SS,
Dauphin LA, BibbWF, LopezMB, AlvarezM,Mintz ED, 2007.
Comparing serologic response against enteric pathogens with
reported diarrhea to assess the impact of improved household
drinkingwater quality.AmJTropMedHyg 77: 136.

29. Laubach H, Bentley C, Ginter E, Spalter J, Jensen L, 2004. A
study of risk factors associated with the prevalence of Crypto-
sporidium in villages around Lake Atitlan, Guatemala. Braz J
Infect Dis 8: 319–323.

30. Dowd SE, John D, Eliopolus J, Gerba CP, Naranjo J, Klein R,
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