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Introduction
Historically, there has been a high prevalence of intestinal parasite 

infections (IPIs) among human populations in sub Saharan Africa 
and particularly in western Kenya, (Plate 1) [1]. Today, IPIs are still 
common in economically undeveloped rural areas in sub-Saharan 
Africa. A more recent survey around Kisumu city in close proximity 
to the study area indicated that 34% of sampled children were infected 
with one or more helminth species, whereas 16.2% of children were 
infected with one or more Soil Transmitted Helminths (STH) species. 
Schools in closest proximity to Lake Victoria and River Nyamasaria 
had the highest S. mansoni prevalence while schools with STH were 
more homogenously distributed. Mean school prevalence of S. mansoni 
infection was 21% while up to 20% had S. hematobium, hookworms, 
trichuriasis or ascariasis [1].

S. mansoni infection is one of the most important and widespread
of the neglected tropical diseases in western Kenya, especially among 
communities living around the shores of Lake Victoria [2,3]. With the 
spread of HIV in the resource constrained regions of the Lake shores 
where transmission is fuelled by lifestyle and poor access to health 
services, more and more people living with HIV are likely to be co-
infected with other parasites [4]. The prevalence of HIV/schistosomiasis 
co-infection is very high in sub-Saharan Africa [5] and in particular in 
western Kenya [5], where schistosomiasis is also endemic.

Recent studies have shown that parasitic infections could disturb 
the balance of anti-HIV immune responses and contribute to HIV 
replication [6-8], which could accelerate progression to AIDS [9,10]. 
The reduced immune response caused by an HIV infection might 

Abstract
Background: Fishing communities on the shores of Lake Victoria are at high risk of schistosome infections, and 

at the same time, also considered at high risk of HIV infection due to factors associated with lifestyle or poor access 
to health services. In the absence of targeted interventions, the burden of schistosome-HIV co-infections continues 
to be high among such populations. 

Methods: Fishing communities living along the shores of Lake Victoria were recruited into immunological cohort 
studies investigating the host-parasite interactions in HIV-Schistosome co-infections. We assessed the prevalence 
and incidence of both schistosome and HIV infections among fishing communities in western Kenya, and compared 
retention rates and ease of follow-up in two completed immunological cohort studies. 

Results: At least 25 busy fishing sites were identified and six beaches were selected to participate in the studies. 
Up to 314 adults consented to participate in the immunological study on the role of human B cells in resistance to 
reinfection with S. mansoni (Cohort 1). Only 214 were able to provide baseline blood samples, while 97 and 34 were 
followed for the first and second times, respectively. Of the 191 tested for HIV, 62 (32.5%) were HIV-positive. After 
one year HIV seroprevalence had risen to 36.1% among 108 participants who were screened. In the second cohort, 
1040 potential participants were approached to participate. Up to 138 (13.3%) did not return after VCT. A total of 622 
persons who were HIV positive were enrolled. Overall 35.8% of those eligible for the study had HIV/schistosomiasis 
co-infection. The prevalence of other soil transmitted helminthes was: hookworms at 3%, Ascaris lumbricoides at 
<1% and Trichuris trichiura at about 1.5%. 

Conclusions: HIV remains an important factor to consider when planning for neglected tropical diseases (NTD) 
community based medical interventions in the region, and HIV interventions should also take into consideration the 
endemicity of prevalent NTDs in such settings. On the other hand, fishing communities could benefit from NTD/HIV 
co-infection study cohorts even though retention among these highly migrant communities is still a major issue to 
consider, while contributing to research development.

Plate 1: A fishing community on the shores of L. Victoria.
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also lead to a higher susceptibility to parasitic infections. The high 
prevalence of certain opportunistic parasites among HIV positive 
persons is well known [11,12]. Such co-infections present with more 
severe clinical symptoms compared to parasite infections of otherwise 
healthy people, and are more difficult to treat [13].

Parasite – HIV co-infections is an area in HIV research that has 
not received much attention although HIV generally continues to be 
a major public health concern in the sub Saharan Africa and beyond. 
We assessed the prevalence of both schistosome and HIV infections 
among fishing communities in western Kenya, and compared retention 
rate and ease of follow-up in two ongoing immunological studies in 
order to inform designing of future studies and interventions aimed at 
prevention and control of co-infections including treatment needs of 
HIV/AIDS patients.

Materials and Methods
Study area and population

All participants were from fishing communities along the shores 
of Lake Victoria who were recruited into two immunological studies 
investigating host-parasite interactions in HIV-schistosome co-
infections following informed consent. The six participating sites were 
chosen from a possible list of 25 busy fishing beaches lying between 
Kisian (Kisumu Municipality) and Luanda K’Otieno (Rarieda), along 
the lakeshores of Lake Victoria. More than half of the beaches  were 
inaccessible by car, especially in Madiany Division (Uyoma). Madiany 
Division (Uyoma) is located within the shores of Lake Victoria in the 
Nyanza Province in western Kenya. The area is highly endemic for 
S. mansoni. A 2001 survey of schools in this area found S. mansoni
prevalence ranging from 35-60% [3]. The six selected sites were
identified after considerations based on logistical factors including
access to fishing beach from the main road, population of fishermen
and fish handlers, and presence of organized beach management unit
(BMU).

Survey processes

The study of immunological investigations of the role of human B 
cells was carried out between September 2008 and March 2010 while 
the study investigating immune reconstitution inflammatory syndrome 
(IRIS), which affects people receiving HIV treatment while harboring 
latent infections was carried out from May 2010 to September 2011. 
After 2 months of study introduction to the community, training 
of community representatives, field workers at each beach, health 
education and awareness campaigns for potential study participants, 
persons working in the beaches and willing to participate in the 
studies were consented and enrolled in the surveys. Each participant 
was assigned a unique identifier and referred to the Kenyan Ministry 
of Health owned/run VCT centers for HIV testing. Participants who 
presented a VCT card (without results) as evidence of having received 
counseling and testing for HIV were then asked to provide a stool 
sample for examination of S. mansoni eggs and other intestinal worms. 

Parasitological testing

Standard Kato/Katz thick smears method was used for stool 
examinations for schistosomiasis and other helminth eggs [14], using 
2 slides per stool. These slides were then quantitatively evaluated 
by well trained laboratory technicians. Quality control was assured 
by randomized selection and examination of 25% of the samples by 
another technician who was blinded for the first results. This technique 
was used to diagnose infections with S. mansoni, Ascaris lumbricoides, 

hookworm, and Trichuris trichiura. Urine was tested for presence of 
blood using Ames Hemastix reagent strips (Miles, Inc., Elkart, IN) as a 
marker of possible S. haematobium infection.

Ethical considerations

The two study protocols were approved by the two tier scientific and 
ethical institutional review committees of the Kenya Medical Research 
Institute in Nairobi, Kenya. Participants were contacted through 
trained community representatives at the beaches. The study objectives, 
procedures, potential risks and benefits were carefully explained to all 
potential participants by study staff. Interested individuals provided 
written informed consent before inclusion in the study.

All participants were offered professional counseling before and 
after HIV testing by staff from the local HIV/AIDS clinics (managed 
by the Kenyan Ministry of Health), and all diagnostic results were kept 
strictly confidential. Deworming drugs (albendazole, praziquantel) 
were administered to all participants found to be infected with 
helminths by the study nurse.

Results
Study cohort 1

Studies investigating the role of human B cells in resistance 
to reinfection with S. mansoni: Following study introduction and 
community training, 314 adults (male fishermen) consented to 
participate in the immunological study on the role of human B cells in 
resistance to reinfection with S. mansoni. Only 214 (68%) were able to 
provide baseline blood samples, while 97 and 34 were followed through 
the second and third year, respectively. Since this cohort 1 (Table 1 
and figure 2) consisted exclusively of fishermen, there was a very high 
frequency of movement in search of fish resulting in 74.4% loss to 
follow-up, other losses to follow-up were due to refusals accounting 
for 12.8% while the rest (12.2%) were as a result of other reasons like 
death (n=4), imprisonment (n=2) or being bedridden with illness 
(n=5). Of the 191 tested for HIV at the start of the study, 62 (32.5%) 
were HIV-positive. After one year, HIV sero-prevalence had risen to 
36.1% following screening of 108 participants. The heavy losses up to 
50% especially to movement in search of fish would have an influence 
on the data since it can possibly be viewed as those already having HIV 
were likely to be left behind due to their inability to perform fully their 
duties.

Study cohort 2

Studies investigating Immune Reconstitution Inflammatory 
Syndrome (IRIS): One thousand and forty (1040) potential 

N Mean Median Range 
Participant Age 257 34.82 31 17-75 
Years resident in the area 110 22.14 20 1-66 
Years worked as fisherman 110 11.8 9.5 1-45 

Table 1: Demographic characteristics of study populations recruited in the first cohort.

S. mansoni egg 
positive (+ve)at 
baseline (n=53)

S. mansoni egg 
negative (–ve) at 
baseline (n=46) 

p-value

Age in years [mean (std. dev)] 36.8 (10.1) 35 (9.1)  0.3646

Years around the lake [mean (std)]  21 (2.2)  23 (3.1)  0.5661

Gender [male (n) (%)] 31(54.39)  13 (37.1)  0.1013

Table 2: Demographic characteristics of study populations recruited in the second 
cohort.
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participants were approached to participate in the cohort 2 (Table 2) 
study investigating immune reconstitution inflammatory syndrome. 
IRIS affects people receiving HIV treatment while harboring latent 
infections. Up to 280 (26.9%) of them tested HIV negative and therefore 
were not eligible for enrollment into the study, while 64.3% of the HIV 
negative participants were S. mansoni positive. Overall 59.8% had HIV/
schistosomiasis co-infection (622 out of 1040). Other soil transmitted 
helminthes were also recorded with the following prevalence: 
hookworms at 3% overall, Ascaris lumbricoides at <1% and Trichuris 
trichiura at about 1.5% (Figure 1). Comparatively, Cohort 2 had a better 
follow-up retention possibly because all eligible adults regardless of 
gender were included in the study. Women were more likely to remain 
in the study area compared to men as observed in the second cohort 
where 52 women were able to complete at least three months follow 
up compared to 40 males. Cohort 1 was used to inform cohort 2 and 
lessons learnt in the previous cohort were crucial in the implementation 
of the second study cohort. 

The study investigating the role of human B cells in resistance to 
re-infection with S. mansoni showed that CD23 may be involved in the 
development of resistance to schistosome infection through its role in 
IgE regulation. The immune reconstitution inflammatory syndrome 
(IRIS) study results showed that Schistosoma-associated IRIS in 
patients with HIV/S. mansoni co-infection develops generally within 
three months upon successful HAART. Case definition specific to 
Schistosoma-associated IRIS involves radiological examination showing 
worsening or emergence of hepato-splenomegaly and vein enlargement, 
increase in CD4+ lymphocyte count and significant reduction in viral 
load count with adequate adherence to ART (Unpublished data), this 
definition will be useful to clinicians and researchers in schistosomiasis 
endemic settings for identification and management of Schistosoma-
associated IRIS.

Discussions
We describe fishing community sites that present priority 

populations for intervention and investigations related to NTD/

HIV co-infections due to high incidence rates of HIV and prevalent 
NTDs. Prioritizing such sites for research studies will also ensure 
access to urgently needed interventions in such settings. At the same 
time, disease management strategies and timing of treatments for co-
infected individuals are areas where urgent data is needed to inform 
policy. We recorded very high dropout rates with up to less than half of 
the fishermen being followed up two times in cohort 1 with the main 
contributor being refusals and movement in search for fish among 
others like death, imprisonment and serious illnesses. 

Involvement of fishermen in study participation led to the highest 
study drop out rate but still an adequate number managed to complete 
the study especially in the second cohort that got informed by the 
experiences of the first. This is consistent with literature that records 
vulnerability of fishing communities to HIV/AIDS and other diseases 
has been widely overlooked. The consequence is that they have been 
left largely beyond the reach of prevention, care and mitigation efforts. 
This neglect is having devastating consequences. In the last decade, it 
has become evident that fishermen in many developing country fishing 
communities suffer from HIV prevalence rates often five to ten times 
higher than those in the general population.

Interventions targeting fishermen should therefore build in 
mechanisms for tracing and follow up, to monitor their migration 
patterns and to consider such patterns into intervention designs. The 
data suggests considerable number of deaths that could be attributed 
to low adherence to HIV treatment as a result of movements. Among 
the study participants included in the second cohort, there was high 
prevalence of S. mansoni in HIV negative individuals as well as HIV/
schistosomiasis co-infection. Other soil transmitted helminthes were 
also recorded to be lower than the national survey results with the 
highest in terms of prevalence being Hookworms followed by Ascaris 
and Trichuris trichiura. This second cohort had a better retention 
possibly because all adults were inclusive and since women were 
occupationally not likely to by migrate by virtue of being more involved 
in house duties, they are also more likely not to move away from field 
sites and therefore had a better follow-up record compared to men.

Accessed for eligibility: VCT 
(n= 1040)

Clinical and parasitological 
screening (all HIV-POS)
(n=622); 

Excluded from follow-up 
HIV neg (n= 280);  

64% epg+ Rx for 
Schisto and released 

Up to 3month parasitological & 
clinical follow -up (n=541); 92% epg+

Loss to follow –up 
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Figure 1: Schematic representation of Cohort 2.
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Figure 2: Schematic representation of Cohort 1.
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The second cohort also most probably benefited from lessons 
related to retention from the previous cohort and that possibly played 
a very crucial part in the success of the second cohort. The helminthic 
prevalence values are considerably lower than those reported from the 
nationwide survey [15] except for S. mansoni which could be due to 
differences in transmission. Th e nationwide prevalence survey of these 
infections in this area reported 28.6% overall with A. lumbricoides at 
13.3%. Hookworm sp. at 55.7% and T. trichiura at 4.9% showed decline 
in helminthic prevalences which can be attributable to the economical 
development of the country resulting in increased urbanization, 
infrastructure development and increased health consciousness. 

The fishing communities due to their geographic isolation, low 
literacy levels, high mobility, general attitudes towards risk, and the near 
absence of a wide range of basic health services, makes them vulnerable 
to a variety of infectious diseases as our survey indicates and as might 
be expected, they have been hit especially hard by the HIV epidemic. 
Early data emerging from an ongoing study conducted by the Uganda 
Virus Research Institute (UVRI) and funded by the European and 
Developing Countries Clinical Trials Partnership (EDCTP) revealed 
that 27.5% of their fishing population is living with HIV, compared to a 
national average of 6.4% [16]. 

This is comparable with our data in both cohorts having HIV 
prevalence at 35.7% and 32.5% respectively for cohort one and two 
against a national average of 6.9% according to UNAIDS and the 
WHO’s report on the Global health Epidemic [17]. Overall it has been 
estimated that more than a third of all individuals in sub-Saharan Africa 
are infected with at least one species of helminth, with considerable 
overlap in the prevalence of helminthes and HIV-1 [18,19]. According 
to our data this is higher in the fishing communities making them 
priority targets for more intervention strategies that are suitable for 
such unstable populations to be coupled with the clinical evaluations. 
Thus, co-infection with HIV-1 and helminths is common among adults 
in Kenya and more particularly among the fishing communities which 
includes more than one million people living in the along the shores 
and islands of Lake Victoria. We therefore present unique cohorts in 
which marginalized communities may benefit from participation in 
basic and operational research aimed at HIV and NTD prevention and 
control, and the acceptance of such research. This information should 
be useful in designing interventions in these settings.
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