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Abstract

Background

Both HIV and schistosomiasis are major public health problems worldwide with 1.8 million

new HIV infections, and up to 110 million untreated schistosomiasis cases globally.

Although a causal link has not been established, there are strong suggestions that having

schistosomiasis increases onward transmission of HIV from co-infected men to women.

With both HIV and schistosomiasis treatment readily available in Malawi, there is a need to

investigate the feasibility, acceptability and health impacts of joint management of these two

hazards, with special focus on health education and demand-creation for fishermen. The

aim of this project is to identify optimal models of delivering integrated HIV and schistosomi-

asis services for fishermen, particularly investigating the effect of using social networks, HIV

self-test kits and beach clinic services in Mangochi, Malawi.

Methods

We have mapped 45 boat teams or landing sites for a 3-arm cluster randomized trial using

“boat team” as the unit of randomization. The three arms are: 1) Standard of care (SOC)

with leaflets explaining the importance of receiving presumptive treatment for schistosomia-

sis (praziquantel) and HIV services for fishermen, and two intervention arms of 2) SOC + a

peer explaining the leaflet to his fellow fishermen in a boat team; and 3) arm 2 with HIV self-

test kits delivered to the boat team fishermen by the peer. The primary outcomes measured

at 9 months of trial delivery will compare differences between arms in the proportions of

boat-team fishermen: 1) who self-report starting antiretroviral therapy or undergoing
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voluntary medical male circumcision; and 2) who have�1 S. haematobium egg seen on

light microscopy of the filtrate from 10mls urine (“egg-positive”).

Discussion

This is the first evaluation of an integrated HIV and schistosomiasis services intervention for

fishermen, particularly investigating the effect of using social networks, HIVST kits and

beach clinic services. The findings will support future efforts to integrate HIVST with other

health services for fishermen in similar settings if found to be efficacious.

Trial registration

This trial is registered in the ISRCTN registry: ISRCTN14354324; date of registration: 05

October 2020. https://www.isrctn.com/ISRCTN14354324?q=ISRCTN14354324&filters=

&sort=&offset=1&totalResults=1&page=1&pageSize=10&searchType=basic-search.

Linked to protocol version number 1.4 of 11 January 2021.

Background

Both HIV and schistosomiasis are major public health problems worldwide with 1.8 million

new HIV infections, and up to 110 million untreated schistosomiasis cases globally [1]. HIV

prevalence in Malawi is among the highest globally, with 9.6% of the adult population living

with HIV, and 39,000 new infections and 17,000 deaths from HIV in 2017 [2]. Fishing com-

munities throughout Africa have much higher HIV prevalence than national averages with,

for instance, complex ‘fish-for-sex’ trading networks described in Malawi [3]. In addition, in

freshwaters, including Lake Malawi, urinary schistosomiasis (Schistosoma haematobium) is a

further occupational hazard and, among other pathologies, commonly causes male and female

genital lesions resulting in subfertility, haemospermia, genital and pelvic pain [4,5].

Although a causal link has not been established, there are strong suggestions that having

schistosomiasis increases onward transmission of HIV from co-infected men to women, and

also that schistosomiasis increases susceptibility to HIV in HIV-negative women [4,5]. Most

recently, stored serum showed 59% baseline schistosome-antibody positivity in a large Zam-

bian cohort of HIV discordant couples (i.e. only one partner HIV-positive at baseline) that

documented 335 HIV seroconversion events during follow-up [5]. Baseline HIV-positive

schistosome-positive partners were more likely to transmit HIV to their HIV-negative partner

(adjusted hazard ratios 1.8 for men and 1.4 for women), with HIV-negative women who had

serological evidence of S. haematobium at increased risk of acquiring HIV (adjusted hazard

ratio 1.4) [5].

International recommendations for high prevalence communities include annual treatment

with praziquantel for at-risk adults, such as fishermen, as well as annual mass drug administra-

tion (MDA) for school age children [6]. Malawi has delivered several MDA campaigns but

mainly to children [7]. A 2018 survey showed poor control in lakeshore men [8]. Engaging

adults in MDA programmes will be essential for elimination [9], since schistosomes are long-

lived helminth parasites capable of producing eggs for decades if untreated [4]. Egg output

depends on the number of mating parasite pairs within the host. Eggs migrate through tissues

and are either retained, provoking granuloma formation, or excreted in urine, leading to infec-

tion of fresh-water snails [10]. Once treated, acquired immunity results in lasting cure or

greatly reduced intensity of reinfection of almost all adults, even if HIV-positive and with
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ongoing water contact [11] although symptoms may continue due to retained eggs and fibrosis

[4].

With both HIV and schistosomiasis treatment readily available in Malawi, there is a need to

investigate the feasibility, acceptability and health impacts of joint management of these two

hazards, with special focus on health education and demand-creation for fishermen. Remark-

able progress has been made towards meeting the 2030 Joint United Nations Programme on

HIV/AIDS’ “95-95-95” targets for the HIV care cascade [12]: population-based surveys in

2016 estimated that 72.7% of Malawian people living with HIV (PLHIV) were diagnosed, of

whom 88.6% had started antiretroviral treatment (ART), with 90.8% of those virally sup-

pressed [13], which profoundly reduces infectiousness (“treatment-as-prevention”) [3,14–16].

Increased antiretroviral therapy (ART) coverage has reduced annual new infections and deaths

in Malawi by an estimated 39% and 50% since 2017 [14]. However, little investment has been

made in other HIV prevention services, especially for fishermen due to the mobile nature of

their occupation [17]. Similarly, MDA with praziquantel targeting fishermen is not optimally

delivered for lack of availability of the fishermen.

Our team and other researchers have successfully reached fishermen with secondary distri-

bution of HIV self-test (HIVST) kits via peers of fishermen to enhance HIV services uptake

among this group [18,19]. Secondary distribution of HIVST kits is recommended by the

World Health Organization for increasing testing particularly for men who are hard to reach

such as fishermen [20]. It is also believed that having schistosomiasis may increase the risk of

HIV transmission and acquisition in men. Such a risk, although not yet established albeit with

biological plausibility [10], implies that there is urgent need to find optimal models of increas-

ing demand for HIV and schistosomiasis services among fishermen. Thus, the project builds

on the previous experience with reaching fishermen and aims to evaluate peer-based

approaches of increasing demand for HIV and schistosomiasis services among fishermen in

Mangochi with or without the offer of HIVST kits.

Methods/Design

Study design and setting

This is a 3-arm cluster randomized trial (CRT) using “boat team” as the unit of randomization

with participant enrollment started in May 2021 (Fig 1). A “boat team” is defined as a landing

site or part of land from which fishermen dock. The intervention arms will compare 3 strate-

gies (Fig 2) for creating demand for services among fishermen. Mangochi district, where the

CRT will take place, is in the eastern region of lake Malawi bordering Mozambique in the

southern part of Lake Malawi and has an adult (15–49 years) HIV prevalence of 10.1% [21].

Mapping and enumeration

The initial activities, which occurred between November 2020 to January 2021, involved map-

ping the boat teams or landing sites through circumferential walk with global positioning sys-

tem devices (Fig 3). The aim was to demarcate landing sites comprising ~100 fishermen. The

exercise also created “buffer” zones (i.e. sufficient gaps between any two landing sites to avoid

contamination during trial delivery) (Fig 3). Potential locations for beach clinics were also

identified and marked during this exercise. Overall, 69 clusters were identified and mapped

with an overall harmonic mean number of 132.5 (95% confidence interval [CI]: 119.9; 148.0);

range 67 to 360. Number of fishermen in clusters was positively skewed (Fig 4).

To arrive at the 45 clusters required by the trial the following pre-specified exclusion criteria

were applied: 1) Any two clusters must be at least 500 meters apart as a measure to prevent

potential contamination; 2) For clusters in violation of rule 1: toss of a coin to decide which of
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the two clusters to include in the set of 45; 3) The harmonic mean number of fishermen for the

chosen set of 45 clusters should be at least 100 fishermen; 4) If rule 3 is violated, start again and

include larger clusters not withstanding rule 1 i.e. choose the larger between two clusters that

are less than 500 meters apart; 5) For any three clusters on a colinear path with distance less

than 500 meters between any given two clusters will lead to the middle cluster being dropped;

and 6) Having applied rules 1–5 yet the number of clusters remains more than 45, clusters that

are furthest will be removed one at a time from either end until only 45 clusters remain that

satisfied rule 3.

The result of applying the above criteria was the removal of 24 clusters the majority of

which had less than 100 fishermen. The harmonic mean number for the remaining 45 clusters

was 128.0 (95% CI: 113.5; 146.6); range 70 to 360 and the distribution of number of fishermen

remained positively skewed (Fig 3). Following the mapping exercise, a survey was conducted

with fishermen in the final 45 selected landing sites with questions including socio-demo-

graphic data, some schistosomiasis-related questions and questions around willingness to

attend the beach clinic. The main inclusion criterion was a male resident fisherman with exclu-

sions on the basis of being younger than 18 years old, non-resident fisherman.

Trial hypothesis

The study will test the hypothesis that HIVST promoted by peer educators (PE) or provided by

peer-distributor-educators (PDE) will achieve higher coverage of health interventions (recent

Fig 1. SPIRIT figure summarizing trial schedule.

https://doi.org/10.1371/journal.pone.0262237.g001
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HIV testing, linkage to voluntary male medical circumcision (VMMC) and ART as indicated,

and praziquantel) than beach-side services alone, and will leave men with increased under-

standing of the benefits of early treatment and prevention for both diseases.

Recruitment and randomization

Boat teams were randomised 1:1:1 by an independent statistician based at London School of

Hygiene & Tropical Medicine using computerized restricted block randomization (geographi-

cal spread, cluster size, traditional authority, and HIV and schistosomiasis estimates) with final

arm allocation assigned at a public randomisation ceremony held on 28 May 2021. Investigator

masking was maintained for technical but not field staff or participants. It was not practical to

blind either the participants or the investigator in this study because of the nature of the inter-

ventions which includes collection of different study materials such as HIVST kits. However,

all data will be managed without reference to the study arm until the final data analysis, thus

providing masking to main investigators and collaborators.

Beach clinic

A beach clinic, providing HIV testing, confirmatory testing and referral for ART and voluntary

male medical circumcision will be set up as part of the trial. The beach clinic will also provide

presumptive praziquantel to all attendees. Beach clinic services will be provided from two tents

located strategically to cover five clusters per round. Each beach clinic will be manned by expe-

rienced staff: one nurse-preferably seconded from Mangochi District Hospital; one HIV

Fig 2. Trial schema.

https://doi.org/10.1371/journal.pone.0262237.g002
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diagnostic assistant and one laboratory microscopist. The administration of praziquantel will

have clinical oversight by a Doctor (co-investigator).

Trial arms and interventions

In the standard of care arm (SOC), demand for beach clinic services will be through mere pro-

vision of leaflets in the SOC arm via selected fishermen. For boat-teams randomized to peer-

intervention arms, 2 to 5 PEs and PDEs were peer-nominated per boat-team for training by

the study team in basic HIV and schistosomiasis facts, and in how to pass on key messages to

others using educational materials provided. In the PE arm: PEs will actively explain the trial

leaflet and encourage fellow fishermen to attend the beach clinic with a pre-allocated invitation

letter. In the PDE arm: PDEs will follow PE arm procedures plus the provision of HIVST kits

to their fellow boat crews. PDEs will be trained in HIVST for secondary distribution. Informa-

tion and educational materials demonstrating correct use of HIVST kits will be part of the

training. PDE/PEs will receive US$20 on meeting agreed intervention targets. PEs will receive

HIV/schistosomiasis educational and promotion materials and barcoded colored vouchers to

distribute to boat-team members (5 vouchers per client) promoting Beach Clinic service

uptake. Voucher recipients will be recorded in a register. PDEs will receive educational materi-

als as above and a starter supply of 50 HIVST kits for distribution, recorded in an HIVST

register.

Primary and secondary outcomes

Primary outcomes measured at 9 months of trial delivery will compare differences between

arms in the proportions of boat-team fishermen: 1) who self-report starting ART or

Fig 3. Map of Mangochi district in Malawi showing study clusters. Source: Google Earth Pro with study clusters drawn by the study team.

https://doi.org/10.1371/journal.pone.0262237.g003
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undergoing VMMC; and 2) who have�1 S. haematobium egg seen on light microscopy of the

filtrate from 10mls urine (“egg-positive”). Secondary outcomes will compare differences

between arms in: 1) self-reported recent (last 9 months) HIV testing; 2) self-reported HIV pre-

vention knowledge score; 3) self-reported schistosomiasis knowledge score; 4) self-reported

high-risk sex in the last month; and 5) S. haematobium intensity. Arms will also be compared

for difference in self-reported praziquantel uptake and intensity of infection using egg count

per 10mls of urine. Uptake of HIV and praziquantel in broader social networks will be investi-

gated by constructing egocentric social networks.

Outcome measurements

28 days after the last round of beach clinic services, an endline survey will follow up all con-

senting (S1 File) boat-team members (~4,500 individuals) through the peer leaders. Fishermen

will be requested to attend the beach clinic for a face-to-face interview, finger prick blood for

immediate HIV testing, and a urine sample for egg-microscopy. Data will be extracted from

the Beach Clinic registers, using barcode readers to allocate trial arm origin of each

participant.

Fig 4. Distribution of number of fishermen in study clusters.

https://doi.org/10.1371/journal.pone.0262237.g004
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All solicited and unsolicited adverse events will be reported according to the local institu-

tional review board (IRB) guidelines and forms. Participants who experience harms related to

the study will be cared for by linking them to appropriate services.

Sample size and statistical analyses

Using established cluster-randomized methodology [22] 15 boat-teams/arm (1,500 fishermen/

arm) will provide 80% power to detect a 9% increase in combined ART/VMMC uptake com-

pared to an assumed 10% under SOC [23]. We assume intercluster coefficient of variation (k)

of 0.20, with HIVST uptake of 50%-80% [18,23] (Table 1). For the second primary outcome,

we assume praziquantel uptake will be 10% to 20% higher in PDE/PE arms than an assumed

40–60% for the SOC arm, with baseline egg-positivity 15–25%, 95% cure from praziquantel,

and k 0.20–0.30 [7,24]. Power provided by the 15 clusters/arm for HIV endpoints is >80%

over most of this range of scenarios.

Trial analyses will be conducted with R [25] and Stata 14.0 and will follow the statistical

analysis plan (S2 File). Baseline and endline characteristics will be computed as proportions or

median (interquartile range [IQR]), or geometric mean (eggs/10ml), as appropriate, by arm.

Imbalances will be adjusted for in primary and secondary outcomes. A test of null hypothesis

of no difference in effectiveness of each intervention compared to SOC will be conducted. All

analyses will be done by intention to treat. The clustered design will be taken into account dur-

ing analysis. In each cluster, the proportion of fishermen achieving the primary outcome (s)

will be calculated.

number of fishermen achieving the primary outcome ðsÞ
number of fishemen eligible

Cluster level summaries will be examined graphically in each trial arm to determine the distri-

bution of the cluster proportion with the primary outcome (s) [22]. If the distributions are

skewed, logarithm will be applied to approximate normal distributions. The mean of propor-

tions in each of the two intervention arms will be compared to the SOC arm using unpaired t-

test. A risk ratio and 95% confidence interval (CI) will be computed for each comparison by

dividing the mean of proportions in each intervention arm and the mean of proportions in the

SOC arm. A random effects logistic regression model will also be fitted to the individual level

data to estimate the odds ratio and 95% CI for each of the intervention arms. These models

will also be used to estimate the coefficient of variation (k) for each of the two primary

outcomes.

Table 1. Assumptions and parameters for sample size.

Assumptions

Average cluster size (number of men in a fishing dock) 100

Proportion eligible for the trial (mainly not already on ART) 0.80

Proportion accepting to self-test 0.50–0.80[18,23]

Proportion HIV positive or HIV negative and uncircumcised 0.20–0.50[23]

Uptake of praziquantel in SOC arm by endline 0.4–0.6

Proportion urine egg-positive in SOC arm (endline) 0.09–0.17

Geometric mean egg-count if egg-positive in SOC (endline) 10/10mL

Parameters

Significance level (α) 0.05

Power (1-β) 0.80

Allocation ratio 1:1:1

https://doi.org/10.1371/journal.pone.0262237.t001
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The analysis for all secondary outcomes that are measured as a proportion will proceed in a

similar fashion to the analysis of the primary outcomes as described for the primary outcomes.

For the HIV and schistosomiasis knowledge outcomes, a binary outcome coded as 1 = for

those showing knowledge and 0 = for those without adequate knowledge will be first generated

based on the median knowledge score. The secondary outcome of S. haematobium intensity

will begin with a histogram plotted to examine the distribution of eggs per 10ml of urine. The

geometric mean and standard deviation of eggs per 10ml urine will then be computed for each

trial arm. An incidence rate ratio and 95% CI will be computed by fitting a negative binomial

model.

No data monitoring board will be set up in this study as no interim analysis is planned.

However, a trial steering committee will provide oversight for the study. Independent trial

audits will also be conducted by the local IRB. Any important changes to the study protocol

(S3 File) will be communicated by the principal investigator to all stakeholders in accordance

with IRB requirements.

Discussion

To the best of our knowledge, this is the first evaluation of an integrated HIV and schistosomi-

asis services intervention for fishermen, particularly investigating the effect of using social net-

works, HIVST kits and beach clinic services. The Rift Valley in Africa suffers high prevalence

of both HIV and schistosomiasis, and although the pathology is different, HIV and Schisto-
soma haematobium have important commonalities. First, both are hazards for fishermen with

diagnosis being a major barrier to treatment [8,17]. Secondly, recent studies have suggested

that female genital schistosomiasis increases the risk of HIV infection 3 to 4 times in women

and although the link between HIV and genital schistosomiasis is not yet established in men

there is biological plausibility [5]. Thirdly, controlling HIV in fishing communities may also

require tackling schistosomiasis because while policies are in place their implementation is

suboptimal [10,17]. The manuscript is summarized through the SPIRIT Checklist (S4 File).

As elsewhere, multiple barriers prevent and delay Malawian men from seeking health-seek-

ing relative to women, with lower coverage of lifetime HIV testing (69.9% vs 83.3% in women

[13,26] and more advanced HIV at ART initiation [21]. Harmful masculine norms relating to

health service usage [27–30] in part explain this, but men also face substantial access barriers

especially when trying to access clinic services from a position of job insecurity [31,32]. Clinics

tend to be structured around maternal and child health in a way that unintentionally alienates

and disadvantages men [31,32]. Therefore, uptake of effective HIV prevention approaches

remains low with 72.2% of men being uncircumcised, and condom use is suboptimal even

with non-primary/transactional partners [2]. In addition, fishermen face multiple risk in their

jobs that may be associated with sexual risk taking and increase their HIV risk. From the male

perspective, fishing jobs with the highest risk of drowning typically pay a share of the catch to

low-status migrant labourers, for whom risk-taking behaviour with alcohol and transactional

sex can then provide temporary relief from the dangerous, physical demands and insecurity of

their work [3]. For women, transactional sex can bring favourable access to quality fish and a

way to recover lost capital from unsold spoilt fish [3].

Given the barriers and risk fishermen face and their mobility, an integrated approach to

provide HIV and schistosomiasis services can improve efficiency and address multiple health

topics for this group. Evidence from integrated services for HIV and other health topics have

found them to be cost-effective [33]. The project will also be one of the first to integrate

HIVST with another health service. The majority of the HIVST studies and programs targeting

men have been implemented as HIVST alone [34]. The findings will support future efforts to
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integrate HIVST with other health services for men. Given the high uptake of HIVST among

men, there is potential to reach men for other health services integrated with HIVST. For

example, our previous experience with reaching male partners of pregnant women with

HIVST has demonstrated that this strategy is effective. Partner-delivered HIVST showed

HIVST to be strongly preferred over other testing modalities, with high uptake (87.0% to

95.4%) of men self-testing using kits delivered by their pregnant partner [23,35,36]. In addi-

tion, our recent pilot study in Uganda showed high acceptability (82% of 116 men offered a kit

accepting to self-test) and safety of peer-delivered HIVST to fishermen [18].

The existing evidence of high HIVST uptake among men through different intervention

strategies support the potential for integrating HIVST with other health services. Thus, an inte-

grated community-led MDA and peer-based interventions can also reach remote or hard-to-

reach populations such as fishermen more effectively than standard interventions [37]. Malawi

National Policy already supports praziquantel presumptive treatment and peer-based HIVST

delivery for male workplaces [38]. Delivering HIVST along with additional interventions can

encourage prompt uptake of VMMC and ART, and schistosomiasis treatment [23,39].
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