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Abstract

Background

Annual mass treatment with ivermectin and albendazole is used to treat lymphatic filariasis
in many African countries, including Tanzania. In areas where both diseases occur, it is
unclear whether HIV co-infection reduces treatment success.

Methodology

In a general population study in Southwest Tanzania, individuals were tested for HIV and
circulating filarial antigen, an indicator of Wuchereria bancrofti adult worm burden, before
the first and after 2 consecutive rounds of anti-filarial mass drug administration.

Principle Findings

Testing of 2104 individuals aged 0—94 years before anti-filarial treatment revealed a preva-
lence of 24.8% for lymphatic filariasis and an HIV-prevalence of 8.9%. Lymphatic filariasis
was rare in children, but prevalence increased in individuals above 10 years, whereas a
strong increase in HIV was only seen above 18 years of age. The prevalence of lymphatic
filariasis in adults above 18 years was 42.6% and 41.7% (p = 0.834) in HIV-negatives and—
positives, respectively. Similarly, the HIV prevalence in the lymphatic filariasis infected
(16.6%) and uninfected adult population (17.1%) was nearly the same. Of the above 2104
individuals 798 were re-tested after 2 rounds of antifilarial treatment. A significant reduction
in the prevalence of circulating filarial antigen from 21.6% to 19.7% was found after treat-
ment (relative drop of 8.8%, McNemar’s exact p = 0.036). Furthermore, the post-treatment
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Conclusion/Significance

In an area with a high prevalence for both diseases, no difference was found between HIV-
infected and uninfected individuals regarding the initial prevalence of lymphatic filariasis. A
moderate but significant reduction in lymphatic filariasis prevalence and worm burden was
demonstrated after two rounds of treatment with albendazole and ivermectin. Treatment
effects were more pronounced in the HIV co-infected subgroup, indicating that the effective-
ness of antifilarial treatment was not reduced by concomitant HIV-infection. Studies with
longer follow-up time could validate the observed differences in treatment effectiveness.

Author Summary

Parasite infections and HIV show large geographical overlap in sub-Saharan Africa and
could hence potentially interact in co-infected individuals. In a general-population study
conducted in Southwest Tanzania, we found high prevalence of both, lymphatic filariasis
and HIV, with 42.5% of the adult population infected with Wuchereria bancrofti and
16.8% infected with HIV. Seven percent of the adults were infected with both pathogens.
When adjusting for age, there was no statistically significant difference in initial prevalence
or worm burden between HIV-positive and negative participants. For 798 individuals test
results for both diseases were available in 2009, before and in 2011, after 2 rounds of treat-
ment against lymphatic filariasis. Between 2009 and 2011, a significant drop of prevalence
and worm burden in infected individuals were observed, which was more pronounced in
the HIV co-infected subgroup. Hence, HIV co-infection does not seem to negatively affect
lymphatic filariasis treatment programmes.

Introduction

Lymphatic Filariasis (LF) is a mosquito-borne disease caused either by Wuchereria bancrofti
which is distributed throughout the tropics, or Brugia malayi and Brugia timori, both limited
to Southeast-Asia. It is estimated that 120 million people world-wide are infected with one of
these pathogens, and 1 billion are at risk to acquire LF during their lifetime [1]. Before larger
treatment programmes started, LF was present in most of the 21 regions of Tanzania with up
to 63.8% of individuals testing positive for circulating filarial antigen, a marker for LF infection
[2]. Since the year 2000 the “Global Alliance to Eliminate Lymphatic Filariasis” uses annual
mass drug administration (MDA), with the aim to control and ultimately eliminate the disease
[3]. The campaign of the Tanzanian National Lymphatic Filariasis Elimination Programme
(NLEFP) commenced in 2001 in the coastal regions of Tanzania. In the Mbeya district in
Southwest-Tanzania the treatment programme started in October 2009 with the annual distri-
bution of albendazole (400mg) and ivermectin (150-200ug/kg). Ivermectin is considered to be
mainly microfilaricidal [4], for albendazole an effect on the release of intrauterine antigen com-
ponents of the adult worm was described [5]. Some studies report on the treatment effective-
ness of the combination of albendazole and ivermectin after 12-month: in Ghana a significant
reduction in circulating filarial antigen (CFA) levels but no measurable reduction of CFA
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prevalence was described in 370 individuals receiving both drugs [6, 7]. A longitudinal study
from Northern Tanzania showed only small reductions of CFA positivity after two annual
drug distributions (from 53.3% to 51.4%), but a significant drop to 44.9% and 19.6% after four
and seven years of treatment, respectively [8].

In South Western Tanzania, both LF and HIV are public health concerns. The HIV preva-
lence in the country has been documented in several national surveys [1, 9, 10]. The third pop-
ulation based Tanzanian HIV/AIDS and Malaria Indicator Survey in 20011/2012 (THMIS)
revealed a country-wide HIV prevalence of 5.1% in Tanzanian adults between the age of 15
and 49 years, and a prevalence of 9.0% for this age-group in Mbeya Region [10]. Large scale
distribution of antiretroviral (ART) drugs was initiated in Tanzania in 2005. At the time of our
study, ART was not widely available in Southwest Tanzania. [10-12].

Local differences in initial prevalence, coverage of treatment programs, co-infection with
other pathogens, etc. can all affect treatment success, thus careful surveillance of the programs
is necessary to control the infection. [1, 13-17]. Only few manuscripts focus specifically on the
possible interaction of HIV with LF and most of these use cross-sectional data [18-21]. Only
one recently published study investigates the treatment effectiveness of MDA drugs in HIV/LF
co-infected individuals [22], but focusses on changes in CD4 and HIV viral load after antifilar-
ial treatment in selected HIV-positive individuals. No study concentrated on the antifilarial
treatment effectiveness of MDA drugs in HIV/LF co-infected individuals.

Our study assesses LF prevalence in the Mbeya Region, before and after the governmental
eradication program reached the area and examines the potential impact of HIV co-infection
on LF treatment.

Methods
Study population and study design

Data were collected during the SOLF cohort-study (Surveillance of Lymphatic Filariasis, http://
www.mmrp.org/projects/basic-research/solf.html) in the Kyela district/Mbeya region in South-
west Tanzania which was conducted at the National Institute for Medical Research (NIMR)—
Mbeya Medical Research Centre (MMRC) between 2009 and 2011. The study was embedded
into the population based EMINI (Evaluation and Monitoring of the Impact of New Interven-
tions, http://www.mmrp.org/projects/cohort-studies/emini.html) cohort study, which was carried
out in 9 selected communities in the Mbeya region (Fig 1) from 2006 to 2011. More than 170,000
inhabitants from ~42,000 households of these communities were registered and 10% of house-
holds randomly selected to participate in the study. No additional households entered the surveil-
lance, but some new participants entered through birth or marriage into included household.

Ethical considerations

The SOLF study was approved by the Mbeya Medical Research and Ethics Committee and the
Tanzanian National Institute for Medical Research—Medical Research Coordinating Commit-
tee as an amendment to the EMINI cohort study. Prior to enrolment, each EMINI participant
had provided written informed consent regarding study participation. Parents consented for
their children below 18 years of age. In addition, children above the age of 12 years signed their
own assent form.

Data collection

Data and samples from participants in the Kyela site of the EMINI study were collected annu-
ally from 2007 until 2009. During the last two surveys (2010 and 2011) only half of the study
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Fig 1. Study area. The study was conducted in the southwestern part of Tanzania (black rectangle). A general population study was performed in nine study
areas (black polygons). Data for this study were collected in Kyela (red rectangle) situated close to Lake Nyassa. (Globe Icon by Sev, https://openclipart.org).

doi:10.1371/journal.pntd.0004618.9001

households were visited in each year. During each visit, which took place between 8 am and 2
pm, blood, urine and stool samples were collected from each participant. Samples from 2,165
participants from March 2009 were used to estimate the prevalence of LF directly before the
government treatment program commenced in Kyela in October 2009. In March 2011, 18
month after the first and 6 month after the second delivery of antifilarial treatment, samples
from 1,010 participants were used to evaluate treatment impact.

Sample processing

From each study participant, 2.7 ml of blood was collected during morning hours in EDTA
tubes and immediately stored at 4°C. Cells and plasma were separated within 24 hours and sub-
sequently stored at -80°C. All laboratory tests were performed at NIMR-MMRC, Mbeya
Tanzania.

HIV diagnosis

HIV testing was performed using the SD-Bioline HIV-1/2 3.0 (Standard Diagnostics, Kyonggi-
do, South Korea) rapid diagnostic test (RDT). Negative RDT results from one survey, followed
by another negative RDT result in a subsequent survey, were regarded as confirmed negative
and not further tested. All positive results were confirmed using an ELISA HIV test (Enzygnost
Anti HIV 1/2 Plus, DADE-Behring, Marburg, Germany), and tested by Western blot (MPD
HIV Blot 2.2, MP Biomedicals, Geneva, Switzerland) if discordant. For all HIV incident cases,
the negative result of the previous year, as well as the new positive results was confirmed by the
testing algorithm described above. For children below the age of two years, HIV testing was
done by PCR. Further details are described elsewhere [23]. Because confidential disclosure of
the HIV-status could not be ensured during household visits, we did not inform participants
about their HIV status. Instead they were offered voluntary counseling and testing by an
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independent team, which was travelling with our study team, who provided referral to the local
care and treatment center, to everyone who was tested positive.

Filarial antigen testing

A commercially available ELISA (TropBio Og4C3 serum ELISA, Townsville, Australia) was
used to detect circulating filarial antigen (CFA) using 100 pl of the collected sera. The Og4C3
antibody detects Wuchereria bancrofti antigen with high specificity (98.5%) and no known
cross-reaction to Onchocerca volvulus, Brugia spp., Mansonella, Dracunculus medinensis, Asca-
ris lumbricoides or Strongyloides stercoralis [24]. Sensitivity varies between 73% [25] and 100%
[26], but was found 97.9% in individuals carrying microfilariae [24]. CFA is secreted by fully
developed W. bancrofti adults and can be found at similar levels during day and night. Antigen
levels thus reflect the W. bancrofti worm burden. The measurement of CFA with the Trop Bio
ELISA is semi-quantitative; seven control tubes with standardized amounts of antigen are sup-
plied and allow an estimation of the filarial antigen levels in the analysed plasma according to
the measured optical density (OD). LF test results were considered negative, indeterminate or
positive if the OD was <0.2, >0.2 and <0.3, or >0.3 respectively.

Statistics

Statistical analyses were performed using Stata statistics software (version 14; Stata Corp.,
College Station, TX). Pearson s chi-squared test was used to compare binominal outcomes
between groups and to compare CFA positivity before and after treatment in all participants.
McNemar s exact test for paired data was used to compare CFA positivity before and after
treatment in those individuals who participated in both surveys. The non-parametric
Wilcoxon rank sum test was used to compare selected baseline characteristics of continuous
variables, since none of these was normally distributed. In order to examine the associa-

tion of LF infection with HIV status and other potentially important covariates we per-
formed uni- and multi-variable log link binomial regression analyses with robust variance
estimates.

Results

In March 2009, before the first national MDA commenced, valid CFA results were obtained
from 2,104 individuals (Table 1). Indeterminate results were found for the 61 of the tested
2,165 samples (2.8%). Their median age was 16.6 years (range 0-94, IQR: 8.8 to 34), and 51.0%
were female. Only 4 (1.6%) of the 245 children below the age of 5 years were CFA-positive; LF
prevalence started to rise in participants above 10 years and was 42.3% in adults above 18 years
of age (Fig 2). When including all age groups, 24.8% of the study population were CFA-positive
with a trend to higher prevalence in males (26.5%) than in females (23.1%, chi-squared

p = 0.074). In the adult population above 18 years the difference in CFA-positivity between
males (47.3%) and females (38.0%) was significant (chi-squared p = 0.003).

In March 2011, 18 months after the first MDA and six months after the second, ~50% of the
initially included households were revisited for interviews and blood sample collection. Some
scheduled participants were not found in 2011, and some new individuals had entered the vis-
ited households (see study population and design). In addition to an analysis where the data of
all participants form each Survey (= open cohort) are evaluated, which reflects more a cross
sectional design, a second analysis included only the 798 individuals who actively participated
in both years of the surveillance longitudinally (= closed cohort). The numbers of participants
is shown in Table 1. Of the 974 valid test results in 2011, 19.7% were CFA-positive, leading to a
calculated prevalence reduction of 5.1% (24.8% vs. 19.7%, chi-squared p = 0.002) when
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Table 1. Study participants and LF prevalence in 2009 and 2011.
2009

alln LF-positive n LF-prevalence % alln
open cohort
all* 2,104 521 24.8 974
HIV-negative 1,905 450 23.6 878
HIV-positive 187 69 36.9 91
closed cohort
all** 798 172 21.6 798
HIV-negative 723 151 20.9 723
HIV-positive 69 19 27.5 69

*12 individuals without valid HIV result
**@ individuals without valid HIV result

2011
LF-positive n

192
166
25

157
140
15

LF-prevalence %

19.7
18.9
27.5

19.7
19.4
21.7

Data for all study participants from 2009 and 2011 are shown in the upper part of the table (= open cohort). Only 798 individuals participated in both years

of the surveillance (= closed cohort) their data are shown in the lower part.

doi:10.1371/journal.pntd.0004618.t001

including all subjects who participated in at least one survey (Table 1, open cohort). In the
analysis of samples from 798 individuals who actively participated in both surveys (Table 1,
closed cohort), a lower prevalence reduction (21.6 to 19.7%, McNemar s exact p = 0.036) was

measured (Fig 3).
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Fig 2. Baseline CFA prevalence by age. Numbers of participants for each age group are given in parenthesis.
doi:10.1371/journal.pntd.0004618.9002
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Fig 3. HIV prevalence by age. Numbers of participants for each age group are given in parenthesis (for 12 individuals no valid HIV result was available).

doi:10.1371/journal.pntd.0004618.9003

At baseline the overall HIV prevalence in our study cohort was 8.9%, with a prevalence of
only 2.1% in children and adolescents below the age of 18 years, and a prevalence of 16.9% in
individuals >18 years of age (Fig 3).

HIV-infection was more prevalent in female (10.7%), compared to male participants (7.1%,
chi-squared p = 0.003). Sixty-eight of the 968 adult individuals (7.0%) were infected with both
pathogens and among the whole group of 2,104 individuals 69 co-infections (= 3.3%) were
observed. The initial univariable analysis of the potential association of HIV with LF infection
showed a higher prevalence of LF in HIV-positive (36.9%); compared to HIV-negative individ-
uals (23.6%) (RR = 1.56,95% CI = 1.26 to 1.94, p<0.001). But we already demonstrated that
HIV and LF are both less common in children than in adults, which confounds this association.
To further study the pattern of co-infection we analysed CFA positivity in HIV infected and
uninfected individuals stratified by age (Fig 4); in adults (> = 18 years) only; and in log-link
binomial multivariable regression adjusted for age and gender. None of these analyses showed
a significant association of LF infection with HIV, neither within the single age strata nor over-
all in the multivariable regression model where the influence of age and gender were con-
firmed, but where the adjusted RR for HIV was only 1.04 (Table 2). When only analysing data
from adults above 18, the CFA prevalence was 42.6% in the HIV-negative and 41.7% in the
HIV-positive subgroup (univariable log-link regression RR = 0.98, 95% CI = 0.80 to 1.20;
p=0.84).

In order to compare antifilarial treatment success in the HIV-negative and positive sub-
groups we again performed two analysis: one for all tested individuals who participated in at
least one survey (open cohort using chi-squared testing), and one only for the individuals who
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Fig 4. Baseline CFA prevalence by age for HIV-positive and HIV-negative participants. Prevalence of CFA positivity in HIV-negative (blue) and HIV-
positive (red) participants. No HIV/LF co-infection was observed in participants below 10 years of age.

doi:10.1371/journal.pntd.0004618.9004

participated in both surveys before and after treatment (closed cohort, using McNemar s exact
test).

For the open cohort a CFA prevalence reduction from 23.6% to 18.9% (chi-squared
p = 0.015, relative drop = 19.7%) was found in HIV-negative participants, and from 36.9% to
27.5% (chi-squared p = 0.023, relative drop = 25.4%) in HIV-positives. For the closed cohort
we observed a drop in CFA positivity from 20.9% to 19.4% (McNemar s exact p = 0.117, rela-
tive drop = 7.3%) in 723 HIV-negatives and from 27.5% to 21.7% (McNemar 's exact p = 0.125,
relative drop = 21.1%) in 69 HIV-positive participants. The reason for this pronounced differ-
ence (7.3% vs. 21.1%) is a higher incidence of CFA positivity in the HIV negative participants
where 15 (2.6%) of the 572 initially CFA negative participants turned CFA-positive, whereas
none of the 50 HIV-positive participants who were initially CFA-negative turned CFA-positive
(chi-squared p = 0.246). The proportion of initially CFA positives who turned CFA negative
was very similar in HIV-negative (26/151 = 17.2%) and HIV-positive participants (4/
19 = 21.1%, chi-squared p = 0.679). When combining this information about change in LF sta-
tus in one outcome variable (-1 = turned CFA negative; 0 = no change in CFA status; 1 = turned
CFA positive) univariable linear regression modelling resulted in a coefficient p for the HIV
infected subgroup of -0.043 (95%CI = -0.102 to 0.016, p = 0.154).
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Table 2. Uni- and Multivariable binomial log-link regression models showing associations of Age, Sex and HIV positivity with LF infection in 2092
individuals before antifilarial treatment commenced.

All:

HIV

neg

pos

Sex:
female
male

Age (years)
0-<18
18-<50
>=50

Univariable Multivariable
n LF pos (%) RR 95% CI P RR 95% ClI P
2,092 24.8
1,905 23.6 1 1.26 to 1.94 <0.001 1 0.851t0 1.27 0.689
187 36.9 1.56 1.04
1,067 23.2 1 0.99t0 1.32 0.064 1 1.11t0 1.44 <0.001
1,025 26.5 0.15 0.27
1,124 9.6 1 1
689 39.2 4.01 3.27 to 5.08 <0.001 410 3.29t0 5.10 <0.001
279 50.5 5.26 4.20 to 6.58 <0.001 4.16 4.32 10 6.70 <0.001

doi:10.1371/journal.pntd.0004618.t002

Analysing the prevalence reduction in the closed cohort for adults > = 18 years only, a drop
from 42.7% to 40.3% (McNemar s exact p = 0.248, relative drop = 5.6%) was noted for HIV-
negatives, and from 32.7% to 25.5% (McNemar s exact p = 0.125, relative drop = 22.0%) in the
HIV-positive subgroup. Summarizing our results, we found more pronounced drops in preva-
lence among the HIV positive subgroup, compared with the HIV negative, no matter, whether
all participants or only adults are analysed and also with both possible ways of evaluating the
data (open cohort or closed cohort).

The measurement of CFA with the Trop Bio ELISA is semi-quantitative; with the OD of the
plasma samples reflecting the participant’s worm burden. Our findings for CFA intensities par-
allel those for CFA prevalence: geometric mean intensities before treatment were relatively
similar between HIV-positives (157 units) and HIV-negatives (179 units, Wilcoxon rank sum
p = 0.34), which is also true for the relative reduction of geometric mean intensity after treat-
ment, which was 26% and 30% respectively (Wilcoxon rank sum p = 0.50)

Discussion

In our study we found a significant decrease in LF-prevalence after only 2 years of MDA in an
area with high HIV co-infection in South-West Tanzania. This was in contrast to our expecta-
tions and previously published manuscripts [2, 6, 7, 16, 27]. Furthermore we did not find any
evidence that HIV co-infection impairs the effectiveness of antifilarial treatment. On the con-
trary, our data show a more pronounced decrease in prevalence and CFA intensity among
HIV-positive compared to HIV-negative participants. We tried to consider several factors
which could have affected our analysis. The age distribution of LF and HIV infection had to be
taken into account, but also the composition of the study population and potential changes
during follow-up. However, an almost three-fold relative drop in LF prevalence was seen for
HIV-positive compared to HIV-negative participants in the most stringent analysis which only
considered individuals for whom we have data both before and after treatment. We do not
want to overstate this result since the overall numbers of participants with HIV/LF-co-infec-
tion was low, despite an initially large cohort and accordingly the differences in cure and inci-
dence rate between HIV-infected and uninfected participants are not significant. Moreover, we
are unable to present an explanation for this finding. Reports about the LF prevalence in HIV-
negative and HIV-positive individuals have been rare and conflicting in the past. Nielsen et al.
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described a positive association of HIV and LF infection after adjusting for age and sex in a
cross-sectional study from Northern Tanzania [20], even though a further evaluation of this
group of individuals did not support an association between HIV and LF [19]. No difference
regarding CFA levels was found in other cross sectional studies from India [18] and Malawi
[28]. The latter findings are supported by the cross sectional analysis of our study participants
in 2009. To date, no other longitudinal study has compared the effectiveness of antifilarial
treatment in HIV-positive and negative subgroups.

One interesting finding is the higher pre-treatment CFA prevalence in the open compared
to the closed cohort which demonstrates that LE-positive individuals were more likely to be
lost to follow-up than LF-negative participants. This can at least partly be explained by the
higher prevalence of LF in adults, who are more likely than younger participants to relocate
(e.g. in search of a job), to harbour diseases that prevent them from further study participation
(e.g. HIV-infection) and to die.

Most other studies analyse the treatment effectiveness after 6, 8 or even more years of treat-
ment. Thus one limitation of our study is the short duration of follow-up, which is a conse-
quence of funding restrictions and does not allow for a conclusive analysis of MDA
effectiveness. Furthermore we are not able to identify individually who of our participants was
treated and who was not: the local district medical officer and Neglected Tropical Diseases
(NTD) coordinator, who supervised the drug distribution in Kyela district, reported coverages
0f 60.8% in October 2009 and 68.2% in 2010 (Mrs. Masawe, personal communication). How-
ever, very few participants of the SOLF study were aware of the treatment program against LF,
when asked about their participation. Therefore, firm assumptions about efficacy, i.e. the effect
of antifilarial treatment on CFA prevalence and intensity under ideal conditions cannot be
made. Instead our data are better suited to describe the effectiveness of MDA under real-life
conditions. Furthermore, information on CD4 count and antiretroviral treatment status of
HIV infected individuals would have helped to refine our analysis, but this information was
not collected.

The Og4C3 antibody is supposed to specifically recognise Wuchereria bancrofti antigen
with no relevant cross-reaction to Onchocerca volvulus, Brugia spp., Mansonella, Dracunculus
medinensis, Ascaris lumbricoides or Strongyloides stercoralis. In spite of this, cross reactivity
with Loa microfilariae has been found in another test (Binax Now Filariasis Immunochromato-
graphic Test, Alere, Scarborough, ME, USA), which detects the same antigen as the Trop Bio
ELISA [29]. However, there is no significant reported disease burden of Loiasis in our study
area [30].

Conclusion

In an area with high prevalence of and no previous treatment against LF we investigated the
potential association of HIV and LF infection. When adjusting for age we found similar CFA
prevalence and intensities in HIV-positive and negative participants. After two rounds of treat-
ment a significant reduction in CFA prevalence and intensity was demonstrated, which was
more pronounced in the HIV-positive compared to HIV-negative participants. Hence, HIV
co-infection does not seem to negatively affect antifilarial treatment.
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