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High prevalences of infection with Giardia intestinalis
genotype B among children in urban and rural areas of
Argentina
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The protozoan parasite most frequently associated with diarrhoea worldwide is Giardia intestinalis. In 2005, a study
was initiated to identify the genotypes of this parasite infecting children in the Argentinian provinces of Buenos
Aires, Mendoza and Chaco, and to explore the associations between the genotype detected in a child, the
characteristics of the child’s household and the child’s clinical presentation. Overall, 998 children (504 boys and
494 girls) aged between 2—14 years, with or without symptoms, were enrolled. The G. intestinalis in 94 of the 117
stool samples found positive for the parasite by microscopy were successfully genotyped by PCR. Seventy-seven of
the children were found to be infected with genotype B only and 14 with genotype AII only, three children being
found to have mixed (AII and B) infections.

Only genotype B was detected in children from rural areas (P<<0.05) and most Giardia detected in children from
households with a piped water supply were also of this genotype (P’<<0.05). The other household characteristics
investigated (quality of building, history of flooding, type of sanitation, level of overcrowding, and presence/absence
of pet dogs) had no significant effect on the genotype distribution. Children infected with genotype AIl were
significantly younger than those infected with genotype B (P<<0.05) and there was a significant positive association
between infection with genotype B and abdominal pain (P<0.05). Diarrhoea was not, however, found to be
significantly associated with genotype-All or genotype-B infection.

This is the first published report on the Giardia genotypes circulating in the provinces of Mendoza and Chaco.
The results indicate the importance of asymptomatic children in the transmission of Giardia among the young.

The protozoan parasite that causes most
cases of diarrhoea worldwide is Giardia
ntestnalis (G. duodenalis, G. lamblia), this
parasite being responsible for an estimated
2.5 million cases of diarrhoea each year
among children in developing countries
(Mahdy er al., 2009). Giardia affects mainly
children and has a wide range of clinical
manifestations, from asymptomatic carriage
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to acute diarrhoea with nutritional malab-
sorption (Thompson, 2004). The World
Health Organization (WHO) recently esti-
mated that about 200 million people in Asia,
Africa and Latin America have symptomatic
giardiasis (Mahdy ez al., 2009).

Human giardiasis is a cosmopolitan
(sometimes zoonotic) infection whose pre-
valence varies from 2% (in some developed
countries) to 70% (in some developing
countries) (Eligio-Garcia er al., 2008). In
Argentina, prevalences of giardial infection
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have been found to vary from 6% to 36%
and to depend largely on the local levels of
sanitation and personal hygiene (Minvielle
et al., 2004; Lopez Santorno et al., 2006;
Basualdo ez al., 2007; Milano et al., 2007;
Salomon er al., 2007; Gamboa et al., 2011).

Although seven main genotypes of G.
ntestinalis have been identified (A-G), only
genotypes A and B have been associated
with human infection (Thompson, 2004).
According to Caccio and Ryan (2008), most
human infections involve genotype B,
although the relative commonness of geno-
types A and B varies geographically. Among
Ugandans sharing gorilla habitats (Graczyk
et al.,, 2002), symptomatic patients in
Mexico (Ponce-Macotela er al., 2002) and
Canada (Van Keulen er al, 2002) and
children in Brazilian day-care centres
(Volotao et al., 2007), for example, geno-
type A has been found to be predominant.
Among symptomatic and asymptomatic
young adults in India (Paintlia er al.,
1998), English patients with diarrhoea
(Amar er al., 2002), children in Australian
day-care centres (Read ez al., 2002), symp-
tomatic patients in France (Bertrand ez al.,
2005) and young children (aged 1 month—
9 years) in Peru (Pérez-Cordén er al.,
2008), however, B was found to be the
most common genotype. The distribution of
Giardia genotypes among communities in
Argentina has been the subject of just two
previous studies: Molina ez al. (2007) found
genotype B in a rural population in Buenos
Aires province, and Minvielle ez al. (2008)
identified genotypes AIl and B in the same
province.

The factors behind the variability seen in
the morbidity of giardial infection in humans
are not clear and there is certainly no consen-
sus on any links between the infecting
genotype (A or B) and any clinical manifesta-
tion (Homan and Mank, 2001; Read er al.,
2002; Caccio et al., 2005; Haque ez al., 2005;
Robertson ez al., 2009).

The main aims of the present study were
to identify the genotypes of G. wmntestinalis
circulating among children living in the

Argentinian provinces of Buenos Aires,
Mendoza and Chaco, and to explore the
associations, if any, between the infecting
genotypes, epidemiological characteristics
and clinical presentations.

SUBJECTS AND METHODS

Subjects and Study Areas

Between August 2005 and July 2007, 1035
children (533 boys and 502 girls) aged
2—14 years and with or without symptoms
were enrolled at health centres or in public
schools or soup kitchens. All the subjects
were permanent residents in the provinces
of Buenos Aires, Mendoza or Chaco, in
Argentina. Enrollment was voluntary.

Buenos Aires province, in central-eastern
Argentina, has a humid and moderate
climate, with a mean annual rainfall of
1100 mm. The subjects from this province
lived in Hipdlito Vieytes (35°16'S, 57°34'
E), Atalaya (35°01'S, 57°31'E), Barrio
Obrero (34°56’S, 57°52'E), El Paligie
(34°58'S, 57°53'E), or 4 de Junio
(30°50'S, 58°06'E), which lie 40, 45, 7, 3
and 35 km, respectively, from the provincial
capital of La Plata.

The subjects from Mendoza province
(which lies in central-western Argentina
and has a moderate and arid climate, with
a mean annual rainfall of 250 mm) were
enrolled in Barrio Jardin Aeroparque
(32°53'S, 68°41'E), which lies 4 km from
the provincial capital of Mendoza (and
1090 km from La Plata).

The subjects from the north—eastern pro-
vince of Chaco province (which has a warm
and humid subtropical climate, with a mean
annual rainfall of 1200 mm) were enrolled in
the city of Resistencia, which lies at 27°27’'S
and 58°59'E (and 1070 km from La Plata).

Parasitology and Data Collection

A medical team conducted a copro—para-
sitological examination of each child and
collected relevant clinical-epidemiological
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data on each child, from the child’s parents,
who were asked to complete a standardized
questionnaire.

DATA COLLECTION

The questionnaire recorded details of the
child’s house — setting (rural or urban),
quality [‘precarious’ (built of wood/card-
board/metal sheet) or ‘substantial’ (built of
cement and masonry)], sanitation (sewer-
age, latrine or cesspool), source of water
(piped or pump), history of flooding
(whether or not the house was flooded more
than twice/year), pet dogs (present or
absent), level of overcrowding (whether or
not there were more than three people/
room) — and whether or not the child had
any symptoms (presence/absence of diar-
rhoea in the last week, anorexia, vomiting,
asthenia and/or abdominal pain).

FAECAL SAMPLES

Faecal material was collected, by each child’s
parents or tutors, on a daily basis for 5
consecutive days, in the same disposable
container with 5% formaldehyde. These
samples were concentrated using a modifica-
tion of the Telemann method. Briefly, 10 g of
homogenized sample were macerated in
15 ml Telemann solution [made by dissol-
ving 5g NaCl in 50 ml of 40% (w/v)
formaldehyde and 950 ml distilled water].
After filtering the sample through a double
layer of gauze, 1 ml of ether was added and
then the suspension was centrifuged at
1000 x g for 3 min. Three wet smears of
each resultant pellet, each smear treated with
a drop of Lugol’s solution, were then checked
for Giardia and other intestinal parasites
under a light microscope, at x 100 and x 400
(Minvielle ez al., 2008).

Giardia GENOTYPING

All faecal samples found smear-positive for
Giardia cysts were processed further, to
concentrate and clean the cysts and extract
their DNA, so that the genotype could be

identified (Molina er al., 2007). The cysts
were first isolated using sucrose-gradient
concentration, counted in a Neubauer
chamber and preserved at 4°C until the
DNA could be isolated.

Prior to the DNA extraction, the cysts
were broken open, by three cycles of
freezing (at —80°C for 30 min) and thawing
(at +80°C for 30 min), and then incubated
at 60°C for 24 h with lysis E buffer [100 mm
Tris-HCI, 100 mMm EDTA, 2% (w/v) SDS,
0.2 M NaCl and 1 mM mercaptoethanol,
containing 1 mg proteinase K/ml] before
being preserved at —20°C.

The DNA in the suspensions of broken
cysts was purified using the QIAamp DNA
stool mini kit (QIAGEN, Hilden, Germany)
according to the manufacturer’s instructions
and then preserved at —20°C. These DNA
samples, once thawed, were used as the
templates in a hemi-nested PCR designed to
amplify a fragment of the Giardia 1pi
(triosephosphate isomerase) gene (Amar
et al., 2002). In the first round, 3 pl of
purified DNA were used in a 30-pl reaction
mixture of 1 x PCR buffer containing 3 mM
MgCl,, 0.25 mM of each deoxyribonucleo-
tide triphosphate (ANTP), 0.25 um of each
primer (TPIAF, TPIAR, TPIBF and
TPIBR), 0.1 pg bovine serum albumin
(BSA)/ul and 0.1 U Tag DNA polymerase/
pl. The thermocycler used was set to give an
initial denaturation at 94°C for 4 min, then
30 cycles, each of 30 s at 94°C, 30 s at 52°C
and 1 min at 72°C, before a final extension
for 10 min at 72°C.

The amplicons from the first round were
used as templates for two single PCR
(PCRII A and PCRII B). The 30-pl reaction
mixture for each of these PCR consisted of
1 x PCR buffer containing 1.5 mMm MgCl,,
0.25 mM of each dANTP, 1 uM of each
primer (TPIAIF and TPIAR in PCRII A,
TPIBIF and TPIBR in PCRII B), 0.1 pg
BSA/pl and 0.05 U Tag DNA polymerase/
pl. For both reactions, the thermocycler was
set to give an initial denaturation at 94°C for
4 min, then 33 cycles, each of 30 s at 94°C,
30 s at 54°C and 1 min at 72°C, before a
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final extension for 10 min at 72°C. In each
PCR, samples of DNA from G. ntestinalis of
genotypes A and B (1 ng/pl; kindly donated
by Dr H. van Keulen from Cleveland
University, OH) were used as positive
controls and double-distilled water was used
as the negative control.

The amplicons from PCRII A (5 pl) were
incubated with 5 U Rsal, in a final volume of
30 pl, at 37°C for 3 h, so that they could be
investigated by restriction-fragment-length-
polymorphism (RFLP) analysis (Amar ez al.,
2002). The amplicons (from PCRII A and
PCRII B) and the PCRII-A digestion pro-
ducts were investigated via electrophoresis in
1.5% and 3% (w/v) agarose gel, respectively,
so that genotypes could be identified (Amar
et al., 2002).

Ethics
Stool samples were collected only after par-
ents or tutors gave their informed consent.
The study protocol, which was approved by
the Ethical Review Committees of La Plata
National University, Roemmers Foundation
and the Argentinian Ministry of Education,
met the requirements of the Declaration of
Helsinki (1964), the Nuremberg Code (1947)
and the Argentinian National Act 25.326 (on
the protection of personal information).

Data Analysis

Pearson’s x> and Fisher’s exact tests were
used to explore the relationships between
each of the categorical variables investigated
in the present study and the relative fre-
quency of each Giardia genotype. Ver-
sion 14.0 of the SPSS software package
(SPSS Inc, Chicago, IL) was used to store,
edit and analyse the data. A P-value of <0.05
was considered indicative of a statistically
significant difference or association.

RESULTS

Although stool samples were collected from
1035 children, the samples and data from only

998 children (504 boys and 494 girls) were
investigated, the other 37 children being
excluded because their stool samples had not
been collected correctly (19) or because their
questionnaires were incomplete (18).

The microscopical examination of the
stool samples from the 998 children
revealed infections with Blastocystis hominis
(in 39.1%), Guardia intestinalis (11.7%),
Entamoeba coli (13.8%), Endolimax mnana
(10.1%), Enterobius vermicularis (5.3%),
Ascaris  lumbricoides (2.2%), Hymenolepis
nana (1.2%), Chilomastix mesmili (1.1%)
and Trichuris trichiura (0.5%).

Although Guardia cysts were found in the
faeces of 117 children, the Giardia in only 94
(80.3%) of the 117 cyst-positive samples were
successfully genotyped. Seventy-seven chil-
dren were found to be infected with Giardia
only of genotype B, and 14 with Giardia only
of genotype AIl, while three children (from
the same school) were each found positive for
both genotype All and genotype B.

Faeces that apparently contained Giardia
cysts of genotype B only, genotype AIl only
and both genotype AIl and genotype B
contained similar mean (S.D.) numbers of
giardial cysts: 153 (184), 123 (146) and 147
(119) cysts/pl, respectively (P>0.05).

Of the 52 boys with genotyped giardial
infection, 39 (75%) appeared to be infected
with genotype B only, 11 (21%) with AII
only, and two (4%) with both genotypes AIl
and B. Although PCR was more often
successful with the cyst-positive faecal sam-
ples from boys than with similar samples
from girls, the difference was not statistically
significant (P>0.05).

The mean (S.D.) age of the 94 children with
genotyped giardial infection was 6.0 (3.4)
years, 49 (52.1%) being aged between 2 and
5 years (preschool) and the other 45 (47.9%)
being schoolchildren aged 6—14 years. A child
found infected with genotype B only was, on
average, significantly older than a child found
infected with genotype AIl only (Fig. 1;
P<0.05).

Both Giardia genotypes detected in the
present study (B and AIl) were found in
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FIG. 1. A ‘box-and-whisker’ plot of the ages of the Argentinian children found infected with Giardia intestinalis of
genotype All only or B only. In each plot, the horizontal bar indicates the median, the box the range between the
25th and 75th percentiles, and the ‘whiskers’ the range between the fifth and 95th percentiles.

each of the three provinces under study
(Fig. 2). Of the 94 children with genotyped
giardial infection, 72 (76.5%) lived in urban
areas [55 of them infected with genotype B,
14 with AII and three with mixed (AIl+ B)
infections] and 22 (23.5%), all infected with
genotype B, lived in rural areas. Household
setting (rural . urban) had a statistically

60

significant effect on the recorded genotype
distribution, with a giardial infection in a
child from a rural household more likely to
be identified as genotype B than such an
infection in an urban child (£<<0.05).

The Table shows the relationships between
the recorded distribution of Giardia geno-
types and the variables investigated via the
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FIG. 2. The numbers of children from Buenos Aires, Mendoza and Chaco provinces found infected with Giardia
intestinalis of genotype B only (M), genotype AII only ([1) or both genotypes B and AII (m).
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epidemiological questionnaire. Only one such
relationship — that between the type of
water-supply system and infecting genotype
— appeared statistically significant (2<<0.05);
the Guardia-infected study children from
households with a piped water supply
were less likely to be infected with genotype
B than their counterparts from house-
holds that depended on wells for their water
supply.

Fifty (53.2%) of the 94 children with
genotyped giardial infection (42 apparently
infected with genotype B only and eight
apparently infected with genotype AII only)
appeared to be suffering from symptomatic
giardiasis (Fig. 3). Twenty (47.6%) of the
symptomatic children found infected with
genotype B and seven (87.5%) of the
symptomatic children found infected with
genotype All were aged 2—5 years. All three
children found to have mixed (AIlI+B)
infection were asymptomatic. Genotype-B
infection was significantly associated with
the presence of abdominal pain (<<0.05).

DISCUSSION

Given its frequently high prevalence among
children, giardiasis is an important infection

from an epidemiological viewpoint. It is
therefore surprising that, although there
have been several previous studies on the
prevalence of giardial infection in Argentina
(Lépez Santorno ez al., 2006; Milano ez al.,
2007; Salomon et al., 2007; Gamboa et al.,
2011), there were no attempts before 2007
to identify the G. intestinalis genotypes
circulating in this country. A few years
ago, genotype B was detected in two cities
in Buenos Aires province (Molina et al.,
2007; Minvielle ez al., 2008). One aim of the
present study was to identify the genotypes
circulating, among children, in other
Argentinean provinces, and this article
represents the first report of G. intestnalis
genotypes in the provinces of Mendoza and
Chaco. Genotype B appeared to be the
predominant form of G. intestinalis infecting
children in all three provinces under study.
This genotype has also been found to
predominate in recent studies on school-
children in the Philippines (Yason and
Rivera, 2007), Thailand (Ratanapo er al.,
2008) and India (Ajjampur er al., 2009).

In the present study, as in an earlier study
in Nicaragua (Lebbad er al., 2008) and the
previous studies in Argentina (Molina ez al.,
2007; Minvielle et al., 2008), genotype All
appeared rarer in humans than genotype

TABLE. The recorded epidemiological variables and their links with the Giardia genorypes detected in children in
the Argentinian provinces of Buenos Aires, Mendoza and Chaco, in 2005-2007

No. and (%) of the children found infected with genotype(s):

Variable AII only B only Both AIl and B
BUILD QUALITY OF HOUSE

Precarious 7 (50) 26 (34) 0 (0)

Substantial 7 (50) 51 (66) 3 (100)
SANITATION

Latrine 7 (50) 19 (25) 0 (0)

Cesspool 6 (43) 42 (55) 0 (0)

Sewerage 1(7) 16 (20) 3 (100)
WATER SUPPLY

Piped 12 (86) 24 (31) 3 (100)

Well 2 (14) 53 (69) 0 (0)
House flooded at least twice/year 8 (57) 33 (43) 0 (0)
Household owns pet dog 9 (64) 60 (78) 3 (100)
Household overcrowded 5 (36) 17 (22) 0 (0)
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FIG. 3. The percentages of the children found infected with Giardia intestinalis of genotype B only (H) or
genotype All only ([J) who were suffering from diarrhoea, anorexia, vomiting, asthenia and/or abdominal pain

when they were enrolled.

B. Elsewhere in Latin America, however, in
Cuba (Pelayo er al., 2008) and Peru (Pérez-
Cordon et al., 2008), AII has been found
more common than genotype B, while the
predominant G. intestinalis genotype infect-
ing humans in Brazil appears to vary
according to the region (Souza ez al., 2007;
Volotao et al., 2007). The predominance of
one G. mntestinalis genotype over another in a
particular area has been attributed to
biological as well as geographical factors
and, in certain endemic areas, all the giardial
infections in humans appear to involve just
one genotype (Volotao er al., 2007). Despite
the geographical differences, the predomi-
nant genotype in the present study was the
same in each study province, perhaps
indicating that historical immigration and
other mass movements of humans (Ponce-
Macotela er al.,, 2002) have reduced the
geographical variation in genotype distribu-
tion across Argentina. Given that most
immigrants who settled in Argentina during
the 19th and 20th Centuries were European
and most giardial infections found in
Europeans are now of genotype B, it is
perhaps not surprising that genotype B is

now so common in Argentina. More than
60% of the 803 isolates of G. intestinalis
from Europeans recently investigated by
Sprong et al. (2009) and 57% of the 108
isolates from Spaniards studied by Sahagun
et al. (2008) were of genotype B. It is,
however, unclear how immigration from
areas where genotype B predominates could
explain the apparent absence of genotype
AIl from the rural children investigated in
the present study. Pelayo ez al. (2008) found
genotypes A and B to be equally common
among children from a rural Cuban com-
munity and Gelanew ez al. (2007) found
genotype A to predominate in rural com-
munities in Ethiopia.

In the present study, three children were
each found infected with two genotypes (i.e.
AII and B). The fact that the three attended
the same school may indicate that they were
exposed to the same source of infection.
Mixed infections reflect the complex circu-
lation of the parasites in the environment,
and potential exposure to sources of multi-
ple infection, such as sewage (Hopkins ez al.,
1999; Lalle er al., 2005; Gelanew et al.,
2007).
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In the present study, the relative frequencies
of the B and AIl genotypes (among children
with giardial infection) appeared to be unaf-
fected by most environmental and socio—
cultural conditions, such as the quality of the
housing and sanitation, level of overcrowding,
frequency of flooding and the presence/
absence of household dogs. Kohli er al
(2008) found no statistically significant links
between the relative frequencies of infecting
genotypes in Brazilian children and any of the
epidemiological variables that they investi-
gated. Only the source of household water
appeared to affect the relative frequencies of
the B and AII genotypes significantly in the
present study, perhaps indicating that there is
more transmission of genotype B from well
water than of genotype All

Person-to-person transmission of geno-
type AIl may explain why, in the present
study, compared with their older counter-
parts, the preschool children (with their
relatively low standards of personal hygiene
and high levels of mouth—hand contact) who
were Grardia-positive were significantly
more likely to be carrying this genotype.
Pet—-human transmission of any genotype
may also be important in Argentina and
merits further investigation. Although no
significant link was observed, in the present
study, between household ownership of a
pet dog and the relative frequencies of the B
and AII genotypes, it remains possible that
other types of pet or livestock are involved in
transmission.

In this study, the cyst loads in faecal
material were similar whatever the infecting
genotype. Although Hussein ez al. (2009)
found that people infected with genotype B
excreted greater numbers of giardial cysts
than those infected with genotype All, their
subjects were all patients who were seeking
medical treatment for abdominal problems
(not, as in the present study, a mixture of
children with and without intestinal symp-
toms).

In the present study, the children found
infected with genotype AIl were signifi-
cantly younger than those found infected

with genotype B (Fig. 1). This observation
matches that made earlier, in Argentina, by
Minvielle (2005). When Kohli ez al. (2008)
carried out a diachronic analysis of 47
children infected with Giardia, they con-
cluded that all the children had been
(re)infected with genotype B, irrespective
of the initial infecting genotype. Genotype-B
infection in older children might be a
consequence of various factors: the geno-
type is endemic in schools, it causes more
persistent infections than genotype All, and/
or it is more resistant to antigiardiasic drugs.

Infection with Giardia may often be
asymptomatic. In this study, the frequency
of symptomatic illness (presumably sympto-
matic giardiasis) tended to decrease with
age, probably as the result of acquired
immunity (Hughes and Kelly, 2006).
Pezzani (2007) found that, in rural
Argentina, most intestinal parasites cause
more symptoms in young children than in
older children and adults. Although, in the
present study, infection with genotype AII
appeared to be no more or less likely to be
symptomatic than infection with genotype
B, genotype-B infection did appear to be
significantly linked to abdominal pain.
Other studies have reported a significant
association between genotype A and the
presence of symptoms (Read ez al., 2002;
Aydin er al., 2004; Haque er al., 2005;
Sahagun ez al., 2008) and other genotype-
linked differences in clinical symptoms
(Homan and Mank, 2001; Gelanew et al.,
2007).

Diarrhoea was reported for <20% of the
Giardia-infected children investigated in the
present study and was not significantly
associated with the infecting genotype in any
age-group. These results are very similar to
those of Read er al. (2002), who studied
Dutch children aged <5 years, and those of
Haque er al (2005), who genotyped the
Giardia cysts excreted by patients in Bang-
ladesh, only 29% of whom had diarrhoea.

To conclude, this is the first report on the
Giardia genotypes in the provinces of
Mendoza and Chaco. Genotype B was
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predominant in the children of these pro-
vinces and in Buenos Aires province. There
was a significant association between geno-
type B and both residence in a rural area and
the use of well water. Other environmental
and socio—cultural conditions had no appar-
ent effect on the infecting genotype of
Giardia. Children infected with genotype
AIl were significantly younger than those
infected with genotype B but symptomatic
giardiasis was detected at similar frequency
among children infected with each genotype.
There was a statistically significant associa-
tion between genotype-B infection and
abdominal pain. Diarrhoea was found in
<20% of the children infected with Giardia
and was not significantly associated with the
infecting genotype in any age-group. Future
research to expand our knowledge on the
relationships between Giardia genotype and
symptoms in children should include studies
on larger groups of children with sympto-
matic and asymptomatic infection and on
children from other regions of Argentina.
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