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Abstract

Background

Many regions of sub-Saharan Africa experience a high prevalence of both schistosomiasis

and HIV-1, leading to frequent coinfection. Higher plasma HIV-1 viral loads are associated

with faster disease progression and genital HIV-1 loads are a primary determinant of HIV-1

transmission risk. We hypothesized that schistosome infection would be associated with

higher HIV-1 viral loads in plasma and genital samples.

Methods/Principal findings

We utilized data from individuals who HIV-1 seroconverted while enrolled in one of four pro-

spective cohort studies. Plasma and genital viral loads collected 4–24 months after the esti-

mated date of HIV-1 acquisition, but prior to antiretroviral therapy initiation, were included.

Detection of circulating anodic antigen in archived blood samples, collected prior to HIV-1

seroconversion, identified participants with active schistosomiasis; immunoblots determined

the schistosome species causing infection. Our analysis included 370 HIV-1 seroconverters

with plasma viral load results, of whom 82 (22%) had schistosomiasis. We did not find a sta-

tistically significant association between schistosomiasis and higher HIV-1 set point plasma

viral loads (-0.17 log10 copies/ml, 95% CI -0.38 to 0.03); S. mansoni infection was associ-

ated with a lower set point (-0.34 log10 copies/ml, 95% CI -0.58 to -0.09). We found no asso-

ciation between schistosomiasis and cervical (+0.07 log10 copies/swab, 95% CI -0.20 to
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0.34) or vaginal (+0.11 log10 copies/swab, 95% CI -0.17 to 0.39) set point viral loads; S. hae-

matobium infection was associated with lower cervical viral loads (-0.59 log10 copies/swab,

95% CI -1.11 to -0.06).

Conclusions/Significance

These results do not support the hypotheses that schistosome coinfection increases plasma

or genital HIV-1 viral loads.

Author summary

Schistosomiasis is a parasitic disease that is common in many parts of sub-Saharan Africa

most affected by the HIV-1 epidemic. Schistosomiasis causes genital damage when schis-

tosome ova become lodged in the female genital tract, inducing inflammation that may

elevate HIV-1 genital viral loads and increase the risk of HIV-1 transmission. Schistoso-

miasis may also promote viral replication by facilitating cell-to-cell transmission of HIV-

1, elevating HIV-1 plasma viral load levels. Using data from 370 individuals residing in

Kenya or Uganda who acquired HIV-1 while participating in one of four prospective

cohort studies, we tested the hypotheses that schistosomiasis increases plasma and genital

viral load levels. We found no evidence that individuals with schistosomiasis had higher

set point plasma viral load levels, a measure of viral replication obtained during the set

point period 4–24 months after HIV-1 acquisition when viral load levels remain relatively

stable. Additionally, we found no evidence that schistosomiasis was associated with higher

female set point genital viral loads measured from vaginal or cervical swabs. Unexpect-

edly, we found that S. mansoni infection was associated with a decline in plasma viral load

levels while S. haematobium infection was associated with a decline in cervical viral load

levels. Thus, our results do not support the hypotheses that schistosomiasis increases

plasma and genital HIV-1 viral loads.

Introduction

Schistosomiasis is a parasitic disease affecting approximately 200 million individuals globally

[1]. With 90% of schistosome infections occurring in sub-Saharan Africa [2, 3], there is signifi-

cant geographical overlap between areas with high schistosomiasis and HIV-1 prevalence [4].

Other HIV-1 coinfections have been found to increase HIV-1 transmission risk or disease pro-

gression [5–7], and these facts led to the hypothesis that schistosome coinfection plays a role in

driving the HIV-1 epidemic in sub-Saharan Africa.

Some evidence has suggested that schistosome infection increases the rate of systemic and

genital HIV-1 viral replication, potentially resulting in accelerated rates of disease progression

and increased transmission risk [8]. A recent study in Tanzania found higher set point plasma

viral load levels among individuals with schistosomiasis [9], and schistosome-infected

macaques had higher viral loads after SHIV acquisition [10, 11]. One mechanism proposed to

explain these associations is that individuals with schistosomiasis have denser concentrations

of HIV co-receptors CCR5 and CXCR4 on CD4+ T-cells, which could ease cell-to-cell spread

of HIV-1, promoting viral replication and disease progression [12]. Additionally, individuals

with S. mansoni infection had increased expression of α4β7 on blood CD4+ T cells [13], and

increased pre-HIV infection expression of α4β7 has been associated with higher set-point
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plasma viral loads [14]. Lastly, female schistosomes lay hundreds of eggs per day that can

become deposited in host female genital organs, triggering an inflammatory response with

recruitment of leukocytes to the genital epithelium [15–17]. Higher concentrations of leuko-

cytes in the genital epithelium of women have been associated with increased HIV-1 genital

viral loads [18]. Through this mechanism, schistosome coinfection has been hypothesized to

increase HIV-1 genital viral loads [15, 19, 20], a primary determinant of HIV-1 transmission

risk [21].

Using data obtained from individuals in Kenya and Uganda who acquired HIV-1, our

objective was to evaluate if schistosome infections were associated with HIV-1 viral loads dur-

ing the set point period 4–24 months after HIV-1 acquisition, when both plasma and genital

HIV-1 viral load levels are relatively stable [22]. Two schistosome species cause schistosomiasis

in the study area: S. haematobium and S. mansoni [3]. We hypothesized that individuals

infected with either species would have higher viral loads in plasma samples. Because the two

species have differing pathologies, with S. haematobium eggs more often found in the female

genital tract [23, 24], we hypothesized a positive association between S. haematobium infection

and genital viral loads, with an attenuated positive association among individuals infected by

S. mansoni.

Methods

Human subjects research

All study protocols, which included provisions for future analyses of HIV-1 transmission risk

factors, were approved by the University of Washington Human Subjects Division as well as

ethics review committees at each study site. The study was also reviewed by the U.S. Centers

for Disease Control and Prevention (CDC), which deemed CDC personnel to be non-engaged,

as they had no contact with study participants or access to personal identifiers. All study par-

ticipants were adults or emancipated minors under Kenyan and Uganda law and provided

written informed consent. Additionally, this study was conducted with approval from the Ken-

yatta National Hospital—University of Nairobi Ethics and Research Committee (KNH-UON

ERC), which requires that we release data from Kenyan studies (including de-identified data)

only with their written approval for additional analyses.

Study population

We utilized data obtained from individuals who experienced HIV-1 seroconversion while

enrolled in one of four prospective cohort studies conducted in Kenya and Uganda. Three of

these cohorts enrolled heterosexual HIV-1 serodiscordant couples: the Partners in Prevention

HSV/HIV Transmission Study [25], the Couples Observational Study [26], and the Partners

PrEP Study [27]. In total, these three cohorts followed more than 8,500 couples for 12 to 36

months, and 297 individuals seroconverted during follow-up. The fourth study was the Mom-

basa Cohort, an open cohort of female sex workers (FSW) that began enrollment in 1993.

Through 2014, 3,471 women had enrolled and 332 had experienced HIV-1 seroconversion.

Individuals who HIV-1 seroconverted during study follow-up and who had a blood sample

collected prior to seroconversion available for schistosomiasis testing were eligible for the pres-

ent analysis. In addition, for the Partners in Prevention HSV/HIV Transmission Study and

Couples Observational Study, we only included participants enrolled at study sites in Kenya

and Uganda, where schistosomiasis is endemic [3]. Screening or mass-treatment for schistoso-

miasis were not included in the study protocol for any of the four cohorts. All HIV-1 serocon-

verters in the four cohorts were invited to continue their cohort enrollment. Seroconverters

in the serodiscordant couples cohorts were invited to attend quarterly study visits, while
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seroconverters in the Mombasa Cohort were invited to monthly visits; at these visits, a blood

sample was collected to measure plasma viral loads. Additionally, women in the Mombasa

Cohort had vaginal and cervical swabs collected to measure genital viral loads. Vaginal swab

collection was performed by rolling a Dacron swab for three full turns against the lateral vagi-

nal wall, while cervical swabs were inserted into the cervical os and rotated two full turns

(study procedures described previously [28]).

Schistosomiasis and viral load testing

Schistosome infections were identified via a three-stage testing algorithm. Samples collected

prior to HIV-1 seroconversion were initially tested by soluble egg antigen (SEA) ELISA to

detect antischistosomal antibodies [29]. Since antibodies persist beyond the period of active

infection, SEA ELISA-positive serum samples were tested for circulating anodic antigen

(CAA) using the SCAA20 assay (detection threshold of 10 pg/ml) [30]; CAA becomes unde-

tectable within two weeks after successful treatment with praziquantel [31]. To identify the

schistosome species causing infection, CAA-positive samples had species-specific immuno-

blots performed for S. mansoni and S. haematobium [32, 33]. SEA ELISAs and species-specific

immunoblots were performed by the Parasitic Diseases Branch of the CDC and CAA testing

was performed at Leiden University Medical Center.

The assay used to measure plasma HIV-1 RNA levels varied across studies (Partners HSV/

HIV: COBAS AmpliPrep/COBAS TaqMan HIV-1 RNA assay, version 1.0 [Roche Diagnos-

tics]; Couples Observational Study and Partners PrEP Study: Abbott m2000 Real-Time HIV-1

RNA assay [Abbott]; Mombasa Cohort: Gen-Probe HIV-1 viral load assay [Gen-Probe Incor-

porated]). Genital swabs collected from the Mombasa Cohort were eluted in 1 ml of buffer,

and the concentration of HIV-1 RNA was reported as HIV-1 copies/swab. Quantification of

genital HIV-1 RNA was conducted using the Gen-Probe HIV-1 viral load assay (Gen-Probe

Incorporated).

Date of HIV-1 infection and HIV-1 set point

We estimated the date of HIV-1 acquisition using both serology and plasma viral load results.

Study participants were tested for HIV-1 seroconversion at all routine study visits (monthly or

quarterly). For the serodiscordant couples cohorts, dual rapid HIV-1 antibody tests were per-

formed, followed by a confirmatory HIV-1 enzyme immunoassay and Western blot. For the

Mombasa Cohort, HIV-1 ELISA testing was performed, with positive results confirmed by a

second ELISA. In all cohorts, once a positive serology was confirmed, HIV-1 RNA levels were

measured in plasma samples collected at the seroconversion visit and preceding visits until a

visit prior to HIV-1 acquisition was identified.

For individuals with detectable HIV-1 RNA prior to HIV-1 seroconversion, we estimated

the date of HIV-1 acquisition to be 17 days prior to the date of the first positive HIV-1 RNA

result. For those whose first detectable HIV-1 RNA occurred at the seroconversion visit, the

date of HIV-1 infection was estimated to be at the midpoint between the last seronegative and

first seropositive visit. For this study we excluded participants without detectable plasma HIV-

1 RNA prior to seroconversion who had >1 year between their last seronegative and first sero-

positive visit, since those individuals’ date of HIV-1 acquisition could not be estimated with

adequate precision.

We defined the set point period as being between 4–24 months after HIV-1 infection. Thus,

we included all eligible plasma or genital viral load samples collected 4–24 months after the

estimated date of HIV-1 acquisition. We excluded any samples collected after the participant

reported initiating antiretroviral therapy (ART); information on ART use was collected at all
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study visits. This approach is consistent with previous analyses conducted with these cohorts

[34, 35].

Statistical methods

We log10-transformed plasma and genital HIV-1 RNA concentrations to approximate a nor-

mal distribution. Samples with undetectable RNA levels were set equal to half the lower limit

of quantification (120 copies/ml for plasma and 25 copies/swab for genital samples). Linear

mixed-effects models with a random intercept for each individual evaluated if schistosomiasis

was associated with plasma or genital set point viral load levels. Multivariable models evaluat-

ing set point plasma viral loads adjusted for a set of a priori confounders identified through a

review of the literature: age [36], sex [37, 38], study, and four year bands of calendar year

(Mombasa Cohort only, to account for time trends in HIV-1 transmission in that community)

[36]. Multivariable models for genital viral loads included this same set of confounders with

additional adjustment for plasma viral load levels obtained at the same study visit as genital

viral loads. At the request of a reviewer, we also evaluated if hormonal contraceptives or sexu-

ally transmitted infections confounded the association between schistosomiasis and plasma or

genital viral loads, and we found that their inclusion did not meaningfully change effect esti-

mates (change of�0.02 log10 copies/ml).

We used analogous statistical models with the same sets of covariates to perform subgroup

analyses by schistosome species. We included indicator variables for S. mansoni, S. haemato-
bium, and infections caused by an undetermined species (CAA�10 pg/ml but negative immu-

noblot results for both species) into a single statistical model, with uninfected individuals

(CAA negative results) as the reference group. For plasma viral loads, where we had more sta-

tistical power, we also performed exploratory subgroup analyses by sex, study population, and

schistosome infection intensity levels, using CAA levels to classify infections as low (10–99 pg/

ml), medium (100–999 pg/ml), or high burden (�1000 pg/ml) since CAA levels correlate with

worm burden [30]. Additionally, to address the possibility that schistosome infection status

changed over time, we performed a sensitivity analysis, restricting the selection criteria to

include only samples collected 4–12 months after HIV-1 infection. All analyses were con-

ducted using Stata version 13.1 (Stata Corporation, College Station, TX).

Results

Descriptive statistics of the study population

A total of 245 Kenyan and Ugandan participants from the three serodiscordant couples

cohorts and 332 FSWs from the Mombasa Cohort experienced HIV-1 seroconversion, and all

but two individuals had a pre-seroconversion blood sample available for schistosomiasis test-

ing (Fig 1). From these 575 individuals, 370 (64%) had at least one plasma viral load result

from the set point period obtained prior to ART initiation (Table 1). In the serodiscordant

couples cohorts 21% (36/168) of HIV-1 seroconverters had schistosomiasis, compared to 23%

(46/202) among members of the Mombasa Cohort. The median number of days from collec-

tion of the sample used for schistosomiasis testing to the estimated date of HIV-1 acquisition

was 14 (interquartile range [IQR], -17 to 46) for the serodiscordant couples cohorts and 74

(IQR, 47 to 127) for the Mombasa Cohort; negative numbers indicate that the participant

acquired HIV-1 prior to the date of schistosomiasis testing. The median number of eligible set

point viral load results per individual was 4 (IQR, 3 to 6) in the serodiscordant couples cohorts

and 3 (IQR, 2 to 5) in the Mombasa Cohort.

Schistosomiasis and HIV-1 plasma and genital viral loads
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Schistosomiasis and plasma viral load

In total, there were 1,102 set point plasma viral load results from 288 HIV-1 seroconverters

without schistosomiasis (mean = 4.50 log10 copies/ml) and 305 results from 82 seroconverters

with schistosomiasis (mean = 4.32 log10 copies/ml). After controlling for age, sex, cohort, and

year of HIV-1 acquisition, we found that HIV-1 seroconverters with schistosomiasis had set

point plasma viral loads that were 0.17 log10 copies/ml lower (95% CI -0.38 to 0.03) than sero-

converters without schistosomiasis (Table 2). To address the possibility that schistosomiasis

status may have changed over time, we performed a sensitivity analysis including only samples

collected 4–12 months after the estimated date of HIV-1 acquisition. In this sensitivity analysis,

we obtained a point estimate of similar magnitude that achieved statistical significance (-0.22

log10 copies/ml, 95% CI -0.43 to -0.01). Additionally, we performed subanalyses by schisto-

some species (Table 2). Compared to individuals without schistosomiasis, individuals infected

by S. mansoni had statistically significantly lower set point plasma viral loads (-0.34 log10 cop-

ies/ml, 95% CI -0.58 to -0.09). In contrast, individuals infected by S. haematobium had higher

plasma viral loads compared to uninfected individuals (+0.33 log10 copies/ml, 95% CI -0.07 to

0.73), though the result did not achieve statistical significance.

Although we did not anticipate that schistosome infection intensity would impact plasma

HIV viral load levels, we conducted an exploratory analysis and found that individuals with

high intensity infections (CAA�1000 pg/ml) had lower set point plasma viral load levels

(-0.44 log10 copies/ml, 95% CI -0.75 to -0.13) compared to those without schistosomiasis (S1

Table). We also performed exploratory subanalyses by sex and study population (S2 Table).

We found that women with schistosomiasis had a near-significant association with lower set

point plasma viral load levels (-0.23 log10 copies/ml, 95% CI -0.46 to 0.00) while among men

with schistosomiasis we did not observe a strong association (0.04 log10 copies/ml, 95% CI

-0.38 to 0.46). Additionally, we found that FSWs in the Mombasa Cohort with schistosomiasis

had lower set point plasma viral load levels (-0.29 log10 copies/ml, 95% CI -0.55 to -0.02) com-

pared to those without schistosomiasis (S2 Table).

Schistosomiasis and genital viral load

Genital viral load results were only available for the Mombasa Cohort. Out of 202 women with

eligible plasma viral load results, 152 had at least one eligible cervical viral load result and 153

Fig 1. Eligibility and availability of samples from HIV-1 seroconverters in the serodiscordant couples and female sex worker

cohorts.

https://doi.org/10.1371/journal.pntd.0007886.g001
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Table 1. Characteristics of participants with eligible set point viral load results after HIV-1 seroconversion.

Serodiscordant Couples

HIV-1 Seroconverters

Female Sex Workers

HIV-1 Seroconverters

Schistosome infected

(N = 36)

Schistosome uninfected

(N = 132)

Schistosome infected

(N = 46)

Schistosome uninfected

(N = 156)

Age at HIV-1 seroconversion

16–24 5 (14%) 29 (22%) 10 (22%) 34 (22%)

25–34 16 (44%) 63 (48%) 25 (54%) 85 (54%)

�35 15 (42%) 40 (30%) 11 (24%) 37 (24%)

Sex

Female 15 (42%) 70 (53%) 46 (100%) 156 (100%)

Male 21 (58%) 62 (47%) — —

Education1

<9 years 28 (78%) 88 (67%) 34 (74%) 98 (63%)

�9 years 8 (22%) 44 (33%) 12 (26%) 58 (37%)

Married2

Yes 35 (97%) 127 (96%) 28 (61%) 83 (53%)

No 1 (3%) 5 (4%) 18 (39%) 73 (47%)

Enrollment location

Kenya 11 (31%) 63 (48%) 46 (100%) 156 (100%)

Uganda 25 (69%) 69 (52%) — —

Any unprotected sex3

Yes 22 (61%) 95 (72%) 21 (46%) 88 (56%)

No 14 (39%) 37 (28%) 25 (54%) 68 (44%)

Number of sex partners3

�1 32 (91%) 120 (93%) 38 (83%) 118 (76%)

>1 3 (9%) 9 (7%) 8 (17%) 38 (24%)

Sexually transmitted infections4

Yes 7 (19%) 15 (11%) 10 (22%) 27 (18%)

No 29 (81%) 117 (89%) 35 (78%) 127 (82%)

Contraceptive use, females only

None 11 (73%) 43 (61%) 27 (59%) 70 (45%)

IUD/surgical 2 (13%) 1 (1%) 3 (7%) 2 (1%)

Implant/injectable 2 (13%) 22 (31%) 13 (28%) 55 (35%)

Oral contraceptive 0 (0%) 4 (6%) 3 (7%) 29 (19%)

Serodiscordant couples cohort

Partners HSV/HIV Transmission Study 21 (58%) 67 (51%) — —

Couples Observational Study 1 (3%) 9 (7%) — —

Partners PrEP Study 14 (39%) 56 (42%) — —

Number of plasma viral load results per participant [Median

(IQR)]

4 (3–6) 3 (2–5)

Number of cervical viral load results per participant [Median

(IQR)]

— — 2 (1–4)

Number of vaginal viral load results per participant [Median

(IQR)]

— — 2 (1–4)

(Continued)
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had at least one eligible vaginal viral load result. The median number of cervical and vaginal

viral load results per individual was 2 (IQR, 1 to 4).

We found that individuals with and without schistosomiasis had similar set point genital

viral loads (Table 3). Individuals with schistosomiasis had cervical set point viral loads that

were on average 0.07 log10 copies/swab (95% CI -0.20 to 0.34) higher than uninfected individu-

als, adjusting for age, year of HIV-1 acquisition, and plasma viral load. Adjusting for the same

covariates, individuals with schistosomiasis had vaginal set point viral loads that were 0.11

log10 copies/swab (95% CI -0.17 to 0.39) higher than uninfected individuals. In a sensitivity

analysis including only samples collected 4–12 months after the estimated date of HIV-1

acquisition, we still found no evidence that cervical (-0.02 log10 copies/ml, 95% CI -0.35 to

0.30) or vaginal (-0.14 log10 copies/ml, 95% CI -0.49 to 0.21) viral loads were associated with

schistosome infection.

Since ova from S. haematobium more frequently induce genital damage than ova from S.

mansoni, potentially leading to inflammation and elevated genital viral load levels, we per-

formed subgroup analyses for each schistosome species (Table 4). After adjusting for age, year

Table 1. (Continued)

Serodiscordant Couples

HIV-1 Seroconverters

Female Sex Workers

HIV-1 Seroconverters

Schistosome infected

(N = 36)

Schistosome uninfected

(N = 132)

Schistosome infected

(N = 46)

Schistosome uninfected

(N = 156)

CAA levels, pg/ml [Median (IQR)] 495 (93–3264) — 433 (56–2324) —

1 Years of education at time of cohort enrollment.
2 For the serodiscordant couples cohorts, marital status at the time of study enrollment was assessed. For the FSW cohort, marital status at enrollment was categorized as

ever married vs. never married because few participants were married.
3 For the serodiscordant couples cohorts, sexual behaviors were assessed over the prior month. Some individuals had missing values for number of sexual partners

(n = 4). For the FSW cohorts, average sexual behaviors were calculated for each year of cohort follow-up.
4 For the serodiscordant couples cohorts, sexually transmitted infection testing (trichomoniasis, gonorrhea, and chlamydia) was done at enrollment. For the FSW

cohort, sexually transmitted infection testing (trichomoniasis and gonorrhea) occurred at each study visit and was time-varying, and a few individuals lacked test results

(n = 3).

https://doi.org/10.1371/journal.pntd.0007886.t001

Table 2. Associations between schistosomiasis and HIV-1 set point plasma viral load.

Bivariate Adjusted model1

n obs. (N indiv.) Log10 copies/ml2 β 95% CI P β 95% CI P
No schistosomiasis 1102 (288) 4.50 Ref — — Ref — —

Schistosomiasis3 305 (82) 4.32 -0.14 -0.34, 0.07 0.184 -0.17 -0.38, 0.03 0.094

n obs.4 (N indiv.) Log10 copies/ml2 β 95% CI P β 95% CI P
No schistosomiasis 1102 (288) 4.50 Ref — — Ref — —

S. mansoni 205 (53) 4.24 -0.30 -0.55, -0.06 0.015 -0.34 -0.58, -0.09 0.007

S. haematobium 62 (18) 4.61 0.41 0.01, 0.81 0.046 0.33 -0.07, 0.73 0.108

Undetermined species5 68 (18) 4.38 -0.05 -0.44, 0.35 0.818 -0.01 -0.40, 0.39 0.971

1 Adjusted for age (16-24/25-34/�35), sex, and cohort, plus year of HIV-1 acquisition for the Mombasa Cohort (4-year bands).
2 The mean log10 copies/ml plasma viral loads for individuals with and without schistosomiasis, it does not take into account multiple observations per individual.
3 Individuals with antischistosomal antibodies (anti-SEA) and schistosome antigens (CAA >10 pg/ml).
4 There were 8 individuals (31 observations) who tested positive for both S. mansoni and S. haematobium.
5 These individuals had antischistosomal antibodies (anti-SEA) and schistosome antigens (CAA >10 pg/ml), but tested negative for both S. mansoni and S.

haematobium.

https://doi.org/10.1371/journal.pntd.0007886.t002
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of HIV-1 acquisition, and plasma viral load levels, S. mansoni infection was not associated

with a statistically significant change in cervical (0.29 log10 copies/swab, 95% CI -0.04 to 0.62)

or vaginal (0.16 log10 copies/swab, 95% CI -0.19 to 0.52) set point viral loads. In adjusted mod-

els, S. haematobium infected individuals had lower set point cervical viral loads (-0.59 log10

copies/swab, 95% CI -1.11 to -0.06) but similar set point vaginal viral loads (-0.09 log10 copies/

swab, 95% CI -0.65 to 0.46) compared to schistosome-uninfected individuals.

Discussion

Using data from 370 individuals who HIV-1 seroconverted during prospective follow-up and

who contributed 1,407 plasma and 814 genital samples, we found no evidence supporting our

hypothesis that schistosomiasis increases HIV-1 plasma or genital viral loads. In fact, S. man-
soni infection was associated with a statistically significant decline in plasma viral loads, while

S. haematobium infection was associated with a statistically significant decline in cervical viral

loads.

Our findings conflict with a recent study in Tanzania that found S. mansoni associated with

increased HIV-1 set point plasma viral loads [9]. Interestingly, HIV-1 viral load levels in the

Table 3. Associations between schistosomiasis and HIV-1 genital viral loads in the Mombasa Cohort.

Bivariate Adjusted model1

Cervical HIV-1 viral load n obs. (N indiv.) Log10 copies/swab2 β 95% CI P β 95% CI P
No schistosomiasis 317 (117) 2.87 Ref — — Ref — —

Schistosomiasis 86 (35) 2.70 -0.12 -0.49, 0.25 0.522 0.07 -0.20, 0.34 0.623

Vaginal HIV-1 viral load n obs. (N indiv.) Log10 copies/swab2 β 95% CI P β 95% CI P
No schistosomiasis 327 (118) 2.66 Ref — — Ref — —

Schistosomiasis 84 (35) 2.62 -0.02 -0.36, 0.31 0.893 0.11 -0.17, 0.39 0.459

1 Adjusted for age (16-24/25-34/�35), year of HIV-1 acquisition (4-year bands), and log10 plasma viral loads.
2 The mean log10 copies/swab genital viral loads for individuals with and without schistosomiasis, it does not take into account multiple observations per individual.

https://doi.org/10.1371/journal.pntd.0007886.t003

Table 4. Associations between schistosome species and HIV-1 genital viral loads in the Mombasa Cohort.

Bivariate Adjusted model1

Cervical HIV-1 viral load2 n obs. (N indiv.) Log10 copies/swab3 β 95% CI P β 95% CI P
No schistosomiasis 317 (117) 2.87 Ref — — Ref — —

S. mansoni 54 (21) 2.72 0.01 -0.47, 0.46 0.983 0.29 -0.04, 0.62 0.089

S. haematobium 18 (8) 2.54 -0.31 -1.04, 0.42 0.404 -0.59 -1.11, -0.06 0.029

Undetermined species4 20 (8) 2.80 -0.02 -0.73, 0.70 0.965 0.11 -0.40, 0.62 0.672

Vaginal HIV-1 viral load2 n obs. (N indiv.) Log10 copies/swab3 β 95% CI P β 95% CI P
No schistosomiasis 327 (118) 2.66 Ref — — Ref — —

S. mansoni 52 (21) 2.58 -0.08 -0.50, 0.34 0.707 0.16 -0.19, 0.52 0.367

S. haematobium 18 (8) 2.83 0.09 -0.56, 0.74 0.718 -0.09 -0.65, 0.46 0.738

Undetermined species4 20 (8) 2.73 0.16 -0.47, 0.80 0.615 0.18 -0.36, 0.72 0.507

1 Adjusted for age (16-24/25-34/�35), year of HIV-1 acquisition (4-year bands), and log10 plasma viral loads.
2 In both analyses there were 3 individuals (7 observations) who tested positive for both S. mansoni and S. haematobium.
3 The mean log10 copies/swab genital viral loads for individuals with and without schistosomiasis, it does not take into account multiple observations per individual.
4 These individuals had antischistosomal antibodies (anti-SEA) and schistosome antigens (CAA >10 pg/ml), but tested negative for both S. mansoni and S.

haematobium.

https://doi.org/10.1371/journal.pntd.0007886.t004
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two studies were similar among individuals with S. mansoni (4.2 vs. 4.4 log10 copies/ml) but

schistosome-uninfected individuals had lower viral load levels in the Tanzania study (4.5 vs.

3.7 log10 copies/ml). Though set point plasma viral loads vary by population, in other reports

from sub-Saharan Africa they typically range from 4.2 to 4.8 log10 copies/ml [22, 38–40]. Thus,

the Tanzania study had unusually low plasma viral load levels in their uninfected population,

perhaps explained by ART use, which was not monitored in their study population.

Overall, studies that evaluated associations between schistosomiasis and plasma viral load

levels in cross-sectional analyses or assessed changes in viral load levels after schistosomiasis

treatment have found inconsistent results [8, 9, 41–45]. Since higher set point plasma viral

loads are predictive of faster HIV-1 disease progression and mortality [34, 46–50], a positive

association between schistosomiasis and plasma viral loads would suggest that schistosomiasis

plays a role in catalyzing the HIV-1 epidemic. Results presented in this manuscript represent

the largest evaluation of this association done to date, and our results do not support this

hypothesis. The schistosomiasis prevalence among our study population was similar to the

national prevalence in Kenya (23%) and Uganda (20%) [51], suggesting that our findings may

be generalizable to the general populations of these countries. In addition, the fact that high

intensity schistosome infections were associated with lower, rather than higher, plasma viral

load levels makes it unlikely that we failed to identify a positive association because our study

population did not have a sufficient burden of schistosomiasis. Additionally, our results are

consistent with a recent study that found schistosomiasis associated with slower, rather than

faster, rates of HIV-1 disease progression [52].

Though a positive association between schistosomiasis and genital HIV-1 levels has been

hypothesized by others [15, 19, 20], to the best of our knowledge this is the first study to evalu-

ate this association. Since S. haematobium more frequently causes genital damage than S. man-
soni [23, 24], and the cervix is the genital organ most often damaged by schistosome ova [23],

we expected to see the highest genital viral loads among cervical samples collected from

women infected by S. haematobium. Yet, cervical HIV-1 viral loads were lower in this popula-

tion. We lack a possible biological mechanism to explain this result and acknowledge that we

have only eight women infected by S. haematobium included in the analysis. This result may

have occurred by chance, as we performed multiple statistical tests, increasing the probability

of identifying a false association.

Utilizing data from four cohort studies, one strength of our analysis is the large sample size

of HIV-1 seroconverters included in the plasma set point analysis. Since these individuals were

enrolled in ongoing cohort studies, we were able to estimate their date of HIV-1 acquisition

with good precision and utilize data collected on potential confounders such as ART use to

address possible sources of bias. Our schistosomiasis testing algorithm allowed us to determine

the schistosome species causing the infection, enabling us to perform subanalyses by species.

Lastly, the availability of both cervical and genital HIV-1 viral load measurements from the

Mombasa Cohort allowed us to assess the impact of schistosomiasis on two female genital

organs known to experience damage from schistosome ova.

One limitation of our analysis is that schistosomiasis status was measured at a single time

point prior to HIV-1 seroconversion. Thus, it is possible that participants’ schistosome infec-

tion status changed during the set point period. We expect most individuals’ schistosomiasis

status remained unchanged over the two year period since schistosomiasis acquisition most

frequently occurs during childhood [53], individuals in these cohorts were not systematically

screened or treated for schistosomiasis, and untreated infections have been shown to persist

for up to 40 years [53]. Additionally, to address this concern, we performed a sensitivity analy-

sis restricting sample inclusion to 4–12 months after HIV-1 acquisition, yet we still detected

Schistosomiasis and HIV-1 plasma and genital viral loads
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no positive associations between schistosomiasis and HIV-1 set point plasma or genital viral

loads.

An additional limitation is that the SCAA20 assay lacks the sensitivity to detect very low-

burden infections [30]. This could be a modest source of misclassification, but we would

expect low burden infections to induce the least amount of genital damage. Additionally,

the fact that our study population included 68 individuals with “undetermined species”

of schistosome infection likely indicates that the Western blots used to differentiate between

S. mansoni and S. haematobium infection were not as sensitive as we anticipated, since

existing epidemiological data indicates that no other schistosome species are found in the

study area [3]. Since these assays have a specificity of >99% [33], we do not believe that this

biased our species-specific results, but instead that it reduced our statistical power in the

subanalyses by species by reducing the number of individuals we could classify as S. mansoni
or S. haematobium infected. Our limited statistical power may have prevented us from

detecting more modest associations between schistosomiasis and HIV, and our analysis

evaluating associations between S. haematobium and genital viral loads would have

been strengthened by a larger sample size that would have produced more precise point

estimates.

In conclusion, we found no evidence that schistosomiasis is associated with increased

plasma HIV-1 set point viral loads. Thus, our results do not support the hypothesis that schis-

tosomiasis increases the rate of HIV-1 disease progression. Additionally, we found no evidence

that schistosomiasis is associated with increased female genital HIV-1 set point viral loads,

providing no evidence to support the hypothesis that schistosome coinfection increases HIV-1

infectivity in women. Though we did not find that schistosomiasis increased plasma or genital

HIV-1 viral loads, schistosomiasis induces significant morbidity and mortality, and ongoing

support for preventive treatment and schistosomiasis control is needed in many regions of

sub-Saharan Africa [54].

Supporting information

S1 Table. Associations between schistosomiasis infection intensity and HIV-1 set point

plasma viral load.

(DOCX)

S2 Table. Associations between schistosomiasis and HIV-1 set point plasma viral load by

sex and study population.

(DOCX)

S1 Checklist. STROBE Checklist.

(DOC)

Acknowledgments

The authors thank all co-investigators and staff who worked on the Partners in Prevention

HSV/HIV Transmission Study, Couples Observational Study, Partners PrEP Study, or the

Mombasa Cohort. We gratefully acknowledge the contributions of the participants in these

studies. We also thank Claudia J. de Dood from LUMC Department of Cell and Chemical Biol-

ogy for producing the CAA strip materials, quality control, and performance of the UCAA

assay.

Disclaimer: The findings and conclusions in this report are those of the authors and do not

necessarily represent the views of the CDC.

Schistosomiasis and HIV-1 plasma and genital viral loads

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007886 November 20, 2019 11 / 15

http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0007886.s001
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0007886.s002
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0007886.s003
https://doi.org/10.1371/journal.pntd.0007886


Author Contributions

Conceptualization: Aaron F. Bochner, W. Evan Secor, Jared M. Baeten, Adam A. Szpiro,

Sammy M. Njenga, Romel D. Mackelprang, Connie Celum, R. Scott McClelland, Ruanne

V. Barnabas.

Formal analysis: Aaron F. Bochner.

Funding acquisition: Jared M. Baeten, Julie Overbaugh, Ruanne V. Barnabas.

Investigation: Aaron F. Bochner, W. Evan Secor, Govert J. van Dam, Paul L. A. M. Corstjens.

Methodology: Aaron F. Bochner, W. Evan Secor, Jared M. Baeten, Govert J. van Dam, Adam

A. Szpiro, Paul L. A. M. Corstjens, Romel D. Mackelprang, R. Scott McClelland, Ruanne V.

Barnabas.

Project administration: Aaron F. Bochner, Ruanne V. Barnabas.

Resources: W. Evan Secor, Jared M. Baeten, Nelly R. Mugo, Julie Overbaugh, Connie Celum,

Andrew Mujugira, R. Scott McClelland.

Supervision: Ruanne V. Barnabas.

Writing – original draft: Aaron F. Bochner.

Writing – review & editing: W. Evan Secor, Jared M. Baeten, Govert J. van Dam, Adam A.

Szpiro, Sammy M. Njenga, Paul L. A. M. Corstjens, Romel D. Mackelprang, Nelly R. Mugo,

Julie Overbaugh, Connie Celum, Andrew Mujugira, R. Scott McClelland, Ruanne V.

Barnabas.

References
1. Vos T, Abajobir AA, Abate KH, Abbafati C, Abbas KM, Abd-Allah F, et al. Global, regional, and national

incidence, prevalence, and years lived with disability for 328 diseases and injuries for 195 countries,

1990–2016: a systematic analysis for the Global Burden of Disease Study 2016. The Lancet. 2017;

390(10100):1211–59.

2. World Health Organization. Schistosomiasis Fact Sheet: World Health Organization; 2018 [updated

March 2018. http://www.who.int/mediacentre/factsheets/fs115/en/.

3. Global Atlas of Helminth Infections. Global Burden: London Applied and Spatial Epidemiology Reseach

Group, London School of Hygiene and Tropical Medicine 2018 [http://www.thiswormyworld.org/worms/

global-burden.

4. Mbabazi PS, Andan O, Fitzgerald DW, Chitsulo L, Engels D, Downs JA. Examining the relationship

between urogenital schistosomiasis and HIV infection. PLoS neglected tropical diseases. 2011; 5(12):

e1396. https://doi.org/10.1371/journal.pntd.0001396 PMID: 22163056

5. Barnabas RV, Webb EL, Weiss HA, Wasserheit JN. The role of coinfections in HIV epidemic trajectory

and positive prevention: a systematic review and meta-analysis. AIDS (London, England). 2011;

25(13):1559–73.

6. Lingappa JR, Baeten JM, Wald A, Hughes JP, Thomas KK, Mujugira A, et al. Daily acyclovir for HIV-1

disease progression in people dually infected with HIV-1 and herpes simplex virus type 2: a randomised

placebo-controlled trial. Lancet. 2010; 375(9717):824–33. https://doi.org/10.1016/S0140-6736(09)

62038-9 PMID: 20153888

7. Reynolds SJ, Makumbi F, Newell K, Kiwanuka N, Ssebbowa P, Mondo G, et al. Effect of daily aciclovir

on HIV disease progression in individuals in Rakai, Uganda, co-infected with HIV-1 and herpes simplex

virus type 2: a randomised, double-blind placebo-controlled trial. The Lancet Infectious diseases. 2012;

12(6):441–8. https://doi.org/10.1016/S1473-3099(12)70037-3 PMID: 22433279

8. Kallestrup P, Zinyama R, Gomo E, Butterworth AE, Mudenge B, van Dam GJ, et al. Schistosomiasis

and HIV-1 infection in rural Zimbabwe: effect of treatment of schistosomiasis on CD4 cell count and

plasma HIV-1 RNA load. The Journal of infectious diseases. 2005; 192(11):1956–61. https://doi.org/10.

1086/497696 PMID: 16267767

9. Downs JA, Dupnik KM, van Dam GJ, Urassa M, Lutonja P, Kornelis D, et al. Effects of schistosomiasis

on susceptibility to HIV-1 infection and HIV-1 viral load at HIV-1 seroconversion: A nested case-control

Schistosomiasis and HIV-1 plasma and genital viral loads

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007886 November 20, 2019 12 / 15

http://www.who.int/mediacentre/factsheets/fs115/en/
http://www.thiswormyworld.org/worms/global-burden
http://www.thiswormyworld.org/worms/global-burden
https://doi.org/10.1371/journal.pntd.0001396
http://www.ncbi.nlm.nih.gov/pubmed/22163056
https://doi.org/10.1016/S0140-6736(09)62038-9
https://doi.org/10.1016/S0140-6736(09)62038-9
http://www.ncbi.nlm.nih.gov/pubmed/20153888
https://doi.org/10.1016/S1473-3099(12)70037-3
http://www.ncbi.nlm.nih.gov/pubmed/22433279
https://doi.org/10.1086/497696
https://doi.org/10.1086/497696
http://www.ncbi.nlm.nih.gov/pubmed/16267767
https://doi.org/10.1371/journal.pntd.0007886


study. PLoS neglected tropical diseases. 2017; 11(9):e0005968. https://doi.org/10.1371/journal.pntd.

0005968 PMID: 28945756

10. Chenine AL, Shai-Kobiler E, Steele LN, Ong H, Augostini P, Song R, et al. Acute Schistosoma mansoni

infection increases susceptibility to systemic SHIV clade C infection in rhesus macaques after mucosal

virus exposure. PLoS neglected tropical diseases. 2008; 2(7):e265. https://doi.org/10.1371/journal.

pntd.0000265 PMID: 18648516

11. Chenine AL, Buckley KA, Li PL, Rasmussen RA, Ong H, Jiang S, et al. Schistosoma mansoni infection

promotes SHIV clade C replication in rhesus macaques. AIDS (London, England). 2005; 19(16):1793–7.

12. Secor WE, Shah A, Mwinzi PM, Ndenga BA, Watta CO, Karanja DM. Increased density of human immu-

nodeficiency virus type 1 coreceptors CCR5 and CXCR4 on the surfaces of CD4(+) T cells and mono-

cytes of patients with Schistosoma mansoni infection. Infection and immunity. 2003; 71(11):6668–71.

https://doi.org/10.1128/IAI.71.11.6668-6671.2003 PMID: 14573694

13. Yegorov S, Joag V, Galiwango RM, Good SV, Mpendo J, Tannich E, et al. Schistosoma mansoni treat-

ment reduces HIV entry into cervical CD4+ T cells and induces IFN-I pathways. Nature communica-

tions. 2019; 10(1):2296. https://doi.org/10.1038/s41467-019-09900-9 PMID: 31127086

14. Sivro A, Schuetz A, Sheward D, Joag V, Yegorov S, Liebenberg LJ, et al. Integrin alpha4beta7 expres-

sion on peripheral blood CD4(+) T cells predicts HIV acquisition and disease progression outcomes.

Science translational medicine. 2018; 10(425).

15. Leutscher PD, Pedersen M, Raharisolo C, Jensen JS, Hoffmann S, Lisse I, et al. Increased prevalence

of leukocytes and elevated cytokine levels in semen from Schistosoma haematobium-infected individu-

als. The Journal of infectious diseases. 2005; 191(10):1639–47. https://doi.org/10.1086/429334 PMID:

15838790

16. Wright ED, Chiphangwi J, Hutt MS. Schistosomiasis of the female genital tract. A histopathological

study of 176 cases from Malawi. Transactions of the Royal Society of Tropical Medicine and Hygiene.

1982; 76(6):822–9. https://doi.org/10.1016/0035-9203(82)90118-3 PMID: 7164149

17. Helling-Giese G, Sjaastad A, Poggensee G, Kjetland EF, Richter J, Chitsulo L, et al. Female genital

schistosomiasis (FGS): relationship between gynecological and histopathological findings. Acta tropica.

1996; 62(4):257–67. https://doi.org/10.1016/s0001-706x(96)00027-7 PMID: 9028410

18. Johnson LF, Lewis DA. The effect of genital tract infections on HIV-1 shedding in the genital tract: a sys-

tematic review and meta-analysis. Sexually transmitted diseases. 2008; 35(11):946–59. https://doi.org/

10.1097/OLQ.0b013e3181812d15 PMID: 18685546

19. Feldmeier H, Krantz I, Poggensee G. Female genital schistosomiasis as a risk-factor for the transmis-

sion of HIV. International journal of STD & AIDS. 1994; 5(5):368–72.

20. Leutscher P, Ramarokoto CE, Reimert C, Feldmeier H, Esterre P, Vennervald BJ. Community-based

study of genital schistosomiasis in men from Madagascar. Lancet. 2000; 355(9198):117–8.

21. Baeten JM, Kahle E, Lingappa JR, Coombs RW, Delany-Moretlwe S, Nakku-Joloba E, et al. Genital

HIV-1 RNA predicts risk of heterosexual HIV-1 transmission. Science translational medicine. 2011;

3(77):77ra29. https://doi.org/10.1126/scitranslmed.3001888 PMID: 21471433

22. Morrison CS, Demers K, Kwok C, Bulime S, Rinaldi A, Munjoma M, et al. Plasma and cervical viral

loads among Ugandan and Zimbabwean women during acute and early HIV-1 infection. AIDS (London,

England). 2010; 24(4):573–82.

23. World Health Organization. Report Of An Informal Working Group Meeting On Urogenital Schistosomi-

asis And HIV Transmission. Geneva, Switzerland: World Health Organization; 2010.

24. Poggensee G, Krantz I, Kiwelu I, Diedrich T, Feldmeier H. Presence of Schistosoma mansoni eggs in

the cervix uteri of women in Mwanga District, Tanzania. Transactions of the Royal Society of Tropical

Medicine and Hygiene. 2001; 95(3):299–300. https://doi.org/10.1016/s0035-9203(01)90239-1 PMID:

11491002

25. Celum C, Wald A, Lingappa JR, Magaret AS, Wang RS, Mugo N, et al. Acyclovir and transmission of

HIV-1 from persons infected with HIV-1 and HSV-2. The New England journal of medicine. 2010; 362

(5):427–39. https://doi.org/10.1056/NEJMoa0904849 PMID: 20089951

26. Heffron R, Donnell D, Rees H, Celum C, Mugo N, Were E, et al. Use of hormonal contraceptives and

risk of HIV-1 transmission: a prospective cohort study. The Lancet Infectious diseases. 2012; 12(1):19–

26. https://doi.org/10.1016/S1473-3099(11)70247-X PMID: 21975269

27. Baeten JM, Donnell D, Ndase P, Mugo NR, Campbell JD, Wangisi J, et al. Antiretroviral prophylaxis for

HIV prevention in heterosexual men and women. The New England journal of medicine. 2012; 367

(5):399–410. https://doi.org/10.1056/NEJMoa1108524 PMID: 22784037

28. Graham SM, Holte SE, Peshu NM, Richardson BA, Panteleeff DD, Jaoko WG, et al. Initiation of antire-

troviral therapy leads to a rapid decline in cervical and vaginal HIV-1 shedding. AIDS (London,

England). 2007; 21(4):501–7.

Schistosomiasis and HIV-1 plasma and genital viral loads

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007886 November 20, 2019 13 / 15

https://doi.org/10.1371/journal.pntd.0005968
https://doi.org/10.1371/journal.pntd.0005968
http://www.ncbi.nlm.nih.gov/pubmed/28945756
https://doi.org/10.1371/journal.pntd.0000265
https://doi.org/10.1371/journal.pntd.0000265
http://www.ncbi.nlm.nih.gov/pubmed/18648516
https://doi.org/10.1128/IAI.71.11.6668-6671.2003
http://www.ncbi.nlm.nih.gov/pubmed/14573694
https://doi.org/10.1038/s41467-019-09900-9
http://www.ncbi.nlm.nih.gov/pubmed/31127086
https://doi.org/10.1086/429334
http://www.ncbi.nlm.nih.gov/pubmed/15838790
https://doi.org/10.1016/0035-9203(82)90118-3
http://www.ncbi.nlm.nih.gov/pubmed/7164149
https://doi.org/10.1016/s0001-706x(96)00027-7
http://www.ncbi.nlm.nih.gov/pubmed/9028410
https://doi.org/10.1097/OLQ.0b013e3181812d15
https://doi.org/10.1097/OLQ.0b013e3181812d15
http://www.ncbi.nlm.nih.gov/pubmed/18685546
https://doi.org/10.1126/scitranslmed.3001888
http://www.ncbi.nlm.nih.gov/pubmed/21471433
https://doi.org/10.1016/s0035-9203(01)90239-1
http://www.ncbi.nlm.nih.gov/pubmed/11491002
https://doi.org/10.1056/NEJMoa0904849
http://www.ncbi.nlm.nih.gov/pubmed/20089951
https://doi.org/10.1016/S1473-3099(11)70247-X
http://www.ncbi.nlm.nih.gov/pubmed/21975269
https://doi.org/10.1056/NEJMoa1108524
http://www.ncbi.nlm.nih.gov/pubmed/22784037
https://doi.org/10.1371/journal.pntd.0007886


29. Smith H, Doenhoff M, Aitken C, Bailey W, Ji M, Dawson E, et al. Comparison of Schistosoma mansoni

soluble cercarial antigens and soluble egg antigens for serodiagnosing schistosome infections. PLoS

neglected tropical diseases. 2012; 6(9):e1815. https://doi.org/10.1371/journal.pntd.0001815 PMID:

23029577

30. Corstjens PL, De Dood CJ, Kornelis D, Fat EM, Wilson RA, Kariuki TM, et al. Tools for diagnosis, moni-

toring and screening of Schistosoma infections utilizing lateral-flow based assays and upconverting

phosphor labels. Parasitology. 2014; 141(14):1841–55. https://doi.org/10.1017/S0031182014000626

PMID: 24932595

31. de Jonge N, De Caluwe P, Hilberath GW, Krijger FW, Polderman AM, Deelder AM. Circulating anodic

antigen levels in serum before and after chemotherapy with praziquantel in schistosomiasis mansoni.

Transactions of the Royal Society of Tropical Medicine and Hygiene. 1989; 83(3):368–72. https://doi.

org/10.1016/0035-9203(89)90507-5 PMID: 2515625

32. Abdel-Fattah M, Al-Sherbiny M, Osman A, Charmy R, Tsang V. Improving the detection limit of quanti-

tative diagnosis of anti-S. haematobium antibodies using Falcon Assay Screening Test (FAST) ELISA

by developing a new standard curve. Parasitology research. 2011; 108(6):1457–63. https://doi.org/10.

1007/s00436-010-2198-y PMID: 21161274

33. Tsang VC, Wilkins PP. Immunodiagnosis of schistosomiasis. Immunological investigations. 1997;

26(1–2):175–88. https://doi.org/10.3109/08820139709048925 PMID: 9037622

34. Lavreys L, Baeten JM, Chohan V, McClelland RS, Hassan WM, Richardson BA, et al. Higher set point

plasma viral load and more-severe acute HIV type 1 (HIV-1) illness predict mortality among high-risk

HIV-1-infected African women. Clinical infectious diseases: an official publication of the Infectious Dis-

eases Society of America. 2006; 42(9):1333–9.

35. Lingappa JR, Thomas KK, Hughes JP, Baeten JM, Wald A, Farquhar C, et al. Partner characteristics

predicting HIV-1 set point in sexually acquired HIV-1 among African seroconverters. AIDS research and

human retroviruses. 2013; 29(1):164–71. https://doi.org/10.1089/aid.2012.0206 PMID: 23061422

36. Touloumi G, Pantazis N, Pillay D, Paraskevis D, Chaix M-L, Bucher HC, et al. Impact of HIV-1 Subtype

on CD4 Count at HIV Seroconversion, Rate of Decline, and Viral Load Set Point in European Serocon-

verter Cohorts. Clinical Infectious Diseases. 2013; 56(6):888–97. https://doi.org/10.1093/cid/cis1000

PMID: 23223594

37. Donnelly CA, Bartley LM, Ghani AC, Le Fevre AM, Kwong GP, Cowling BJ, et al. Gender difference in

HIV-1 RNA viral loads. HIV medicine. 2005; 6(3):170–8. https://doi.org/10.1111/j.1468-1293.2005.

00285.x PMID: 15876283

38. Saathoff E, Pritsch M, Geldmacher C, Hoffmann O, Koehler RN, Maboko L, et al. Viral and host factors

associated with the HIV-1 viral load setpoint in adults from Mbeya Region, Tanzania. Journal of

acquired immune deficiency syndromes (1999). 2010; 54(3):324–30.

39. Roberts L, Passmore JA, Mlisana K, Williamson C, Little F, Bebell LM, et al. Genital tract inflammation

during early HIV-1 infection predicts higher plasma viral load set point in women. The Journal of infec-

tious diseases. 2012; 205(2):194–203. https://doi.org/10.1093/infdis/jir715 PMID: 22190580

40. Fraser C, Hollingsworth TD, Chapman R, de Wolf F, Hanage WP. Variation in HIV-1 set-point viral load:

Epidemiological analysis and an evolutionary hypothesis. Proceedings of the National Academy of Sci-

ences. 2007; 104(44):17441–6.

41. Lawn SD, Karanja DM, Mwinzia P, Andove J, Colley DG, Folks TM, et al. The effect of treatment of

schistosomiasis on blood plasma HIV-1 RNA concentration in coinfected individuals. AIDS (London,

England). 2000; 14(16):2437–43.

42. Elliott AM, Mawa PA, Joseph S, Namujju PB, Kizza M, Nakiyingi JS, et al. Associations between hel-

minth infection and CD4+ T cell count, viral load and cytokine responses in HIV-1-infected Ugandan

adults. Transactions of the Royal Society of Tropical Medicine and Hygiene. 2003; 97(1):103–8. https://

doi.org/10.1016/s0035-9203(03)90040-x PMID: 12886815

43. Brown M, Kizza M, Watera C, Quigley MA, Rowland S, Hughes P, et al. Helminth infection is not associ-

ated with faster progression of HIV disease in coinfected adults in Uganda. The Journal of infectious dis-

eases. 2004; 190(10):1869–79. https://doi.org/10.1086/425042 PMID: 15499545

44. Brown M, Mawa PA, Joseph S, Bukusuba J, Watera C, Whitworth JA, et al. Treatment of Schistosoma

mansoni infection increases helminth-specific type 2 cytokine responses and HIV-1 loads in coinfected

Ugandan adults. The Journal of infectious diseases. 2005; 191(10):1648–57. https://doi.org/10.1086/

429668 PMID: 15838791

45. Obuku AE, Asiki G, Abaasa A, Ssonko I, Harari A, van Dam GJ, et al. Effect of Schistosoma mansoni

Infection on Innate and HIV-1-Specific T-Cell Immune Responses in HIV-1-Infected Ugandan Fisher

Folk. AIDS research and human retroviruses. 2016; 32(7):668–75. https://doi.org/10.1089/AID.2015.

0274 PMID: 26864743

Schistosomiasis and HIV-1 plasma and genital viral loads

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007886 November 20, 2019 14 / 15

https://doi.org/10.1371/journal.pntd.0001815
http://www.ncbi.nlm.nih.gov/pubmed/23029577
https://doi.org/10.1017/S0031182014000626
http://www.ncbi.nlm.nih.gov/pubmed/24932595
https://doi.org/10.1016/0035-9203(89)90507-5
https://doi.org/10.1016/0035-9203(89)90507-5
http://www.ncbi.nlm.nih.gov/pubmed/2515625
https://doi.org/10.1007/s00436-010-2198-y
https://doi.org/10.1007/s00436-010-2198-y
http://www.ncbi.nlm.nih.gov/pubmed/21161274
https://doi.org/10.3109/08820139709048925
http://www.ncbi.nlm.nih.gov/pubmed/9037622
https://doi.org/10.1089/aid.2012.0206
http://www.ncbi.nlm.nih.gov/pubmed/23061422
https://doi.org/10.1093/cid/cis1000
http://www.ncbi.nlm.nih.gov/pubmed/23223594
https://doi.org/10.1111/j.1468-1293.2005.00285.x
https://doi.org/10.1111/j.1468-1293.2005.00285.x
http://www.ncbi.nlm.nih.gov/pubmed/15876283
https://doi.org/10.1093/infdis/jir715
http://www.ncbi.nlm.nih.gov/pubmed/22190580
https://doi.org/10.1016/s0035-9203(03)90040-x
https://doi.org/10.1016/s0035-9203(03)90040-x
http://www.ncbi.nlm.nih.gov/pubmed/12886815
https://doi.org/10.1086/425042
http://www.ncbi.nlm.nih.gov/pubmed/15499545
https://doi.org/10.1086/429668
https://doi.org/10.1086/429668
http://www.ncbi.nlm.nih.gov/pubmed/15838791
https://doi.org/10.1089/AID.2015.0274
https://doi.org/10.1089/AID.2015.0274
http://www.ncbi.nlm.nih.gov/pubmed/26864743
https://doi.org/10.1371/journal.pntd.0007886


46. Hansmann A, Schim van der Loeff MF, Kaye S, Awasana AA, Sarge-Njie R, O’Donovan D, et al. Base-

line plasma viral load and CD4 cell percentage predict survival in HIV-1- and HIV-2-infected women in a

community-based cohort in The Gambia. Journal of acquired immune deficiency syndromes (1999).

2005; 38(3):335–41.

47. Sterling TR, Vlahov D, Astemborski J, Hoover DR, Margolick JB, Quinn TC. Initial plasma HIV-1 RNA

levels and progression to AIDS in women and men. The New England journal of medicine. 2001; 344

(10):720–5. https://doi.org/10.1056/NEJM200103083441003 PMID: 11236775

48. Schacker TW, Hughes JP, Shea T, Coombs RW, Corey L. Biological and virologic characteristics of pri-

mary HIV infection. Annals of internal medicine. 1998; 128(8):613–20. https://doi.org/10.7326/0003-

4819-128-8-199804150-00001 PMID: 9537934

49. Lefrere JJ, Roudot-Thoraval F, Mariotti M, Thauvin M, Lerable J, Salpetrier J, et al. The risk of disease

progression is determined during the first year of human immunodeficiency virus type 1 infection. The

Journal of infectious diseases. 1998; 177(6):1541–8. https://doi.org/10.1086/515308 PMID: 9607831

50. Mellors JW, Rinaldo CR Jr., Gupta P, White RM, Todd JA, Kingsley LA. Prognosis in HIV-1 infection

predicted by the quantity of virus in plasma. Science (New York, NY). 1996; 272(5265):1167–70.

51. Steinmann P, Keiser J, Bos R, Tanner M, Utzinger J. Schistosomiasis and water resources develop-

ment: systematic review, meta-analysis, and estimates of people at risk. The Lancet Infectious dis-

eases. 2006; 6(7):411–25. https://doi.org/10.1016/S1473-3099(06)70521-7 PMID: 16790382

52. Colombe S, Machemba R, Mtenga B, Lutonja P, Kalluvya SE, de Dood CJ, et al. Impact of schistosome

infection on long-term HIV/AIDS outcomes. PLoS neglected tropical diseases. 2018; 12(7):e0006613.

https://doi.org/10.1371/journal.pntd.0006613 PMID: 29965987

53. Colley DG, Bustinduy AL, Secor WE, King CH. Human schistosomiasis. Lancet. 2014.

54. World Health Organization. Current estimated total number of individuals with morbidity and mortality

due to Schistosomiasis Haematobium and S. Mansoni infection in Sub-Saharan Africa: World Health

Organization; 2018 [updated March 2018. http://www.who.int/schistosomiasis/epidemiology/table/en/.

Schistosomiasis and HIV-1 plasma and genital viral loads

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007886 November 20, 2019 15 / 15

https://doi.org/10.1056/NEJM200103083441003
http://www.ncbi.nlm.nih.gov/pubmed/11236775
https://doi.org/10.7326/0003-4819-128-8-199804150-00001
https://doi.org/10.7326/0003-4819-128-8-199804150-00001
http://www.ncbi.nlm.nih.gov/pubmed/9537934
https://doi.org/10.1086/515308
http://www.ncbi.nlm.nih.gov/pubmed/9607831
https://doi.org/10.1016/S1473-3099(06)70521-7
http://www.ncbi.nlm.nih.gov/pubmed/16790382
https://doi.org/10.1371/journal.pntd.0006613
http://www.ncbi.nlm.nih.gov/pubmed/29965987
http://www.who.int/schistosomiasis/epidemiology/table/en/
https://doi.org/10.1371/journal.pntd.0007886

