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ABSTRACT

Diarrheal disease is a chronic public health problem in Chobe District, Botswana. Acute diarrheal outbreaks occur an-
nually with a bimodal seasonal pattern coinciding with major hydrological phenomena. Information is lacking regarding
the etiology of reoccurring outbreaks. Cryptosporidium and Giardia are recognized as important waterborne causes of
diarrheal disease with Cryptosporidium transmission potentially involving zoonotic reservoirs. In Chobe District, mu-
nicipal water is obtained from the Chobe River after it exits the Chobe National Park where high concentrations of
wildlife occur. Using the Giardia/Cryptosporidium QUIK CHEK rapid antigen cartridge test, we evaluate the occur-
rence of Giardia and Cryptosporidium among patients (n = 153) presenting to medical facilities in Chobe District with
diarrhea (August 2011-July 2012). Cryptosporidium was only identified in children less than two years of age (10%, n =
42, 95% CI 3% - 23%), with positive cases occurring during diarrheal outbreak periods. Infections were not identified
in adults despite the high level of human immunodeficiency virus infection/acquired immunodeficiency syndrome
(HIV/AIDS) in the region (n = 117). Although not significant, cases were predominately identified in the wet season
outbreak (p = 0.94, 25%, n =12, 95% CI 5% - 57%, dry season outbreaks 3%, n = 30, Cl 95% 0% - 17%). Giardia in-
fections occurred across age groups and seasons (7%, n = 153, 95% CI 4% - 10%). This is the first published report of
human infections with Cryptosporidium and Giardia in this area of Africa. This study suggests that Cryptosporidium
may be a potentially important cause of diarrheal disease in children less than 2 years of age in this region. Further re-
search is required to identify pathogen transmission and persistence dynamics and public health implications, particu-
larly the role of HIVV/AIDS and vulnerability to waterborne disease.

Keywords: Giardia; Cryptosporidium; Botswana; Africa; Waterborne Disease; Diarrhea; Zoonotic Disease; HIV/AIDS

1. Introduction ding causality of this disease syndrome in the region.

A number of important protozoan waterborne patho-
gens are associated with diarrheal disease outbreaks. Cry-
ptosporidium, a protozoal pathogen of global impor-
tance, is increasingly implicated as a leading cause of

diarrheal disease in developing nations, particularly Africa

Diarrheal disease continues to be identified as a primary
global threat to public health, particularly for children
less than 5 years of age. In Botswana, diarrhea is a lea-
ding cause of morbidity and mortality, the majority of
deaths occurring in this same age group [1]. Botswana

also has one of the highest prevelance levels of Human
Immunodeficiency Virus infection (HIV) in the world
(36%, [2]). This epidemic has impacted population vul-
nerability to infectious disease generally and diarrheal
disease in particular [3]. In northern Botswana, seasonal,
acute diarrhea in children under five years of age has
occurred across years, coinciding with major hydrolo-
gical phenomena occurring in the area (rainfall/flood
recession, Alexander unpublished data). Despite the re-
occurring nature of these outbreaks, little is known regar-
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[4-7].

This emerging group of protozoan parasites is ex-
tremely infectious, resistant to chlorine and filtration [8-
10]. While human-to-human transmission occurs, Cry-
ptosporidium can spillover from wildlife and domestic
animal reservoirs to exposed human populations through
contaminated surface water [10-12] or contact with in-
fected animal or human hosts [13].

Cryptosporidium infection is identified as an important
threat to children, particularly those living with HIV and
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Acquired Immuno Deficiency Syndrome (AIDS) [11].
While infection in the immuno compentent person is nor-
mally selflimiting, co-infection with HIV/AIDS often re-
sults in chronic diarrhea, health complications, and mor-
tality [14].

Giardia is also identified as an important protozoal
cause of diarrheal disease associated with conditions of
poverty, reduced hygiene, and contaminated water sour-
ces [15]. This pathogen is also noted as dispro-por-
tionally affecting HIV/AIDS patients [16]. The zoonotic
potential of Giardia is, however, uncertain [17,18].

In Botswana, Cryptosporidium has been reported in
children during diarrheal outbreaks in Francistown [19],
and among ostriches exported to Canada [20]. Giardia
has also been described in children [21] during diarrhea
outbreaks in the capital. Little is known regarding the
occurrence of these pathogens in Northern Botswana and
the role of these infections in recurrent outbreaks of hu-
man diarrheal disease.

In this study, we evaluate the occurrence of Cry-
ptosporidium amd Giardia among patients presenting to
medical facilities with diarrheal disease in Chobe District
from August 2011-July 2012. Three diarrheal outbreaks
occurred during this period. We discuss our results and
provide recommendations for future study.

2. Methods
2.1. Study Site

Botswana is a politically stable, semi-arid, landlocked
country located in sub-Saharan Africa. The study area
(Figure 1) is located in Chobe District, the northern most
district in the country. The relatively small district popu-
lation (~18,500 people) is spread across two peri-urban

NAMIBIA

Kazungula

Kasane Forest Reserve

Chobe National Park BOTSWANA

Figure 1. Chobe District, Botswana is located in Northern
Botswana. Communities live around the Chobe National
Park (green outline). The Chobe River (blue) flows through
the Park to industrial, commercial, residential develop-
ments (red) and commercial agricultural (green) areas.
Sewage treatment facilities are located downstream from
the water abstraction point (brown). Tourism facilities are
found within the developed and protected areas (yellow).
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communities (Kasane and Kazungula) and seven smaller
villages. The country has a subtropical climate with an-
nual wet (November-March) and dry (April-October)
seasons. The Chobe River is the only permanent surface
water in the area. The river crosses through the Chobe
National Park (a high density wildlife area) before rea-
ching the towns of Kazungula and Kasane where water is
abstracted for municipal use for the district. Piped water
is available either through direct reticulation to resi-
dences or through a limited number of public taps. Go-
vernment health services are freely available to the pub-
lic with a nominal charge.

During the study period, three diarrheal outbreaks oc-
curred with peaks in August 2011 (dry season), February
2012 (wet season), and July 2012 (dry season, Alexander
unpublished data).

2.2. Sample Collection and Diagnostic
Evaluations

Patients (all ages) presenting to Chobe District health
facilities with diarrheal disease (August 2011-July 2012)
were asked by medical staff to submit a single fecal sam-
ple as part of a prospective study of diarrhea in the Dis-
trict. Stool samples were requested from hospitalized
patients as well as those presenting for outpatient treat-
ment. A subset of these individuals returned a fresh stool
to nursing or laboratory staff. Other than reporting diar-
rheal disease, no other health data could be secured on
patients submitting stool samples for this study (e.g.,
HIV/AIDS status). Diarrheal disease was defined as the
occurrence of at least 3 loose stools in a 24-hour period
within the four days preceding the health visit. This study
was conducted under permit from the Ministry of Health
in Botswana and approval from the Virginia Tech Insti-
tutional Review Board (IRB# 11 - 573). All human asso-
ciated data were anonymized.

Collected stool samples were frozen at —18°C until
testing. Samples were screened for the presence of Giar-
dia and Cryptosporidium protozoa species using the
Giardia/Cryptosporidium QUIK CHEK (TechLab, Inc.,
Blacksburg, VA) rapid antigen cartridge test in accor-
dance with the manufacturer’s directions. Test specificity
and sensitivity levels have previously been identified for
both human associated Giardia (94% and 100%, respec-
tively) and Cryptosporidium species (100% for both in-
dices) [22].

2.3. Statistical Tests

Exact binomial 95% confidence intervals were calculated
using the Epitools package in R [23]. Fisher’s Exact Test
was used to evaluate differences between seasons [24].
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3. Results

Stool samples were collected from 164 patients (children:
<2 years = 42; >2 and <5 years = 2; >5 and <14 years = 3;
and Adults: n = 117). Of those patients where data were
available (n = 130), only 12% were hospitalized. The re-
maining patients were seen on an outpatient basis. With
the exception of one adult, hospitalized patients were all
reported to be 2 years or younger.

All of the Cryptosporidium positive samples came
from children less than two years of age (mean = 13.5
months, standard deviation = 5.28 months). Positive
cases were identified in both the dry and wet season out-
break periods of 2011 and 2012, respectively (10%, n =
42, 95% CI 3% - 23%).

While there was no significant difference between
seasons (p = 0.094) among infected children <2 years,
cases were predominately identified in the wet season
outbreak (25%, n = 12, 95% CI 5 - 57, dry season out-
breaks 3%, n = 30, Cl 95% 0% - 17%). Infections were
not identified in adults during this study period (n = 117,
wet season n = 56).

Giardia infections were identified broadly across age
groups (mean = 10.68 years, standard deviation = 11.72
years) and season (7%, 95% CI 4% - 10%). One child
was co-infected with both Cryptosporidium and Giardia
at the peak of the wet season outbreak in 2012.

4. Discussion

Water borne pathogens contribute significantly to diar-
rheal disease particularly in developing countries where
declining water quality can be a persistent problem [25,
26]. Both Giardia and Cryptosporidium are considered
important emerging protozoan pathogens contributing
significantly to diarrheal disease outbreaks in both de-
veloped and developing nations across the globe [27].

In this study, Cryptosporidium and Giardia are identi-
fied among patients reporting diarrheal disease in Chobe
District, Botswana. This study was conducted on a li-
mited number of samples (n = 153) across age groups.
Most of the stool samples originated from patients seen
on an outpatient base (88%). Obtaining stool samples
from outpatients is often difficult in more rural areas. In
these settings, people are required to return largely on
foot to the requesting health facility in order to submit
these specimens. Medical and laboratory personnel are
often overwhelmed with patients and laboratory duties,
reducing interest in obtaining specimens for prospective
research studies. The large sample sizes often associated
with studies conducted in major hospitals are then often
not possible in more remote, low-density locations. Small
sample sizes then become an important limitation to
health studies conducted in these more remote rural loca-
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tions, limiting statistical power. Never the less, it is often
these more remote locations where health impacts are the
highest and knowledge of causation is the lowest, neces-
sitating continuation of such studies, despite sample size
limitations.

Whereas Giardia was found broadly among age groups
and seasons, Cryptosporidium was found only in chil-
dren less than two years of age. Previous studies have
found similar associations with age in Cryptosporidium
infections [14,28].

In Chobe, as in many locations across Africa, HIV/
AIDS has influenced population vulnerability to water-
borne infections such as Cryptosporidium and Giardia
directly and indirectly through reduced immunocompe-
tence related to breastfeeding [29,30]. Despite high levels
of HIV in this population, we did not identify any
Cryptosporidium infections in adults (total n = 117, wet
season n = 56). This could be a product of a reduced
sample size. In addition, Botswana does offer universal
access to antiretroviral therapy for HIV positive patients
[31] and this may contribute to decreased infections in
the face of the exceptionally high proportion of infected
individuals in this region [32]. Further research is needed
to understand these possible interactions.

The potential indirect affects of the HIV/AIDS epi-
demic have important implications to water borne disease
and invasion potential. HIV-positive mothers are en-
couraged to use formula rather than breastfeed to reduce
mother-to-child transmission of the virus. Natural ma-
ternal immunity, important in fighting water associated
infections, is therefore absent in a great percentage of
children in Africa, particularly in Botswana [33]. In a
survey in 2006 in Chobe, 48% of children reported not
being breast-fed [34]. In Botswana in 2006, 537 children
under five years of age died during a diarrheal outbreak
linked to rainfall flooding of pit latrines. In this outbreak,
most affected children had not been breastfed (88%) and
Cryptosporidium was one of the most common infecting
agents identified [19].

More research is needed to understand the role of HIV
in the temporal and spatial dynamics of these protozoan
infections. It is likely, that HIV/AIDS has a significant
influence on the transmission dynamics of these patho-
gens, and both the direct and indirect mechanisms must
be considered.

Humans, cattle, and wildlife can all contribute to en-
vironmental transmission of Cryptosporidium, although
species-specific transmission dynamics and host speci-
ficity influence the movement of these protozoan patho-
gens between hosts [35,36]. Seasonal changes in wildlife
and domestic animal densities in water restricted envi-
ronments and calving may influence the spatial and tem-
poral dynamics of Cryptosporidium oocytes in the envi-
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ronment [37-39] and potential human exposure. Land use
has also been identified as an important predictor of wa-
ter contamination with Cryptosporidium oocytes [40].
Direct contamination of water resources with human fe-
cal waste from direct defection on the ground, sewage
spills, and pit latrines frequently occurs in this system
and can also contribute or may dominate human-to-hu-
man transmission of these parasites. Molecular tools will
ultimately be necessary to discriminate between proto-
zoan species and subgenotypes as they occur in domestic
and wildlife species, infected humans, and potentially
connecting water resources [35,36]. This information is
important to public health strategy development and a
critical area of future research.

5. Conclusion

While this initial survey is limited in scope, it identifies
two important findings. Firstly, Cryptosporidium and
Giardia are identified as contributing to recurrent diar-
rheal disease in Chobe District Botswana. Secondly, Cry-
ptosporidium appears to be a potentially important source
of diarrheal disease for children less than 2 years of age
but initial data did not identify any adult infections, de-
spite high levels of HIV/AIDS in the region. Further re-
search is required to fully understand pathogen trans-
mission and persistence dynamics, the impact of HIV/
AIDS and interventions on transmission potential, and
the public health implications.
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