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Abstract

Background: There is conflicting evidence on the immunologic benefit of treating helminth co-infections (‘‘deworming’’) in
HIV-infected individuals. Several studies have documented reduced viral load and increased CD4 count in antiretroviral
therapy (ART) naı̈ve individuals after deworming. However, there are a lack of data on the effect of deworming therapy on
CD4 count recovery among HIV-infected persons taking ART.

Methodology/Principal Findings: To estimate the association between empiric deworming therapy and CD4 count after
ART initiation, we performed a retrospective observational study among HIV-infected adults on ART at a publicly operated
HIV clinic in southwestern Uganda. Subjects were assigned as having received deworming if prescribed an anti-helminthic
agent between 7 and 90 days before a CD4 test. To estimate the association between deworming and CD4 count, we fit
multivariable regression models and analyzed predictors of CD4 count, using a time-by-interaction term with receipt or non-
receipt of deworming. From 1998 to 2009, 5,379 subjects on ART attended 21,933 clinic visits at which a CD4 count was
measured. Subjects received deworming prior to 668 (3%) visits. Overall, deworming was not associated with a significant
difference in CD4 count in either the first year on ART (b= 42.8; 95% CI, 22.1 to 87.7) or after the first year of ART (b= 29.9;
95% CI, 224.1 to 4.4). However, in a sub-analysis by gender, during the first year of ART deworming was associated with a
significantly greater rise in CD4 count (b= 63.0; 95% CI, 6.0 to 120.1) in females.

Conclusions/Significance: Empiric deworming of HIV-infected individuals on ART conferred no significant generalized
benefit on subsequent CD4 count recovery. A significant association was observed exclusively in females and during the
initial year on ART. Our findings are consistent with recent studies that failed to demonstrate an immunologic advantage to
empirically deworming ART-naı̈ve individuals, but suggest that certain sub-populations may benefit.
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Introduction

Despite increased access to antiretroviral therapy (ART) in sub-

Saharan Africa [1], HIV outcomes in this region have lagged behind

those in more industrialized regions [2]. Although a complex interplay

of economic, biologic, and sociobehavioral factors underlies this

discrepancy, one potential contributing factor is the high rate of

endemic, chronic, and overlapping parasitic co-infections, including

schistosomiasis and the three major soil-transmitted helminth (STH)

infections: Ascaris lumbricoides, Trichuris trichiura, and hookworms –

caused by two species, Ancylostoma duodenale and Necator amer-
icanus [3]. A number of potential pathways have been proposed by

which helminth infection might impair immunologic control of the

HIV virus and accelerate disease progression. These include

suppression of antiviral Th1 lymphocyte responses by helminth-

driven Th2 lymphocyte skewing [4,5], helminth-induced stimulation

of other immunosuppressive cytokine responses [6], potentiation of

cellular susceptibility to viral entry resulting from increased co-

receptor expression [7,8], and augmentation of systemic immune

activation [3,5,9,10]. A mechanism whereby helminth infection

increases systemic immune activation is particularly intriguing, given

the growing evidence that systemic inflammation and immune

activation are associated with poor clinical outcomes in HIV-infected

individuals on ART [10,11,12].
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The geographic distributions of HIV and STH infection in sub-

Saharan are largely overlapping [13]. Existing anti-helminthic

drugs are well-tolerated, inexpensive, and easy to administer

[14,15]. On the other hand, barriers to diagnosing STH infection

in resource-constrained settings are considerable [16], given that the

current gold standard method of stool microscopy is both labor

intensive and lacks optimal sensitivity [17,18,19,20]. Furthermore,

chronic gastrointestinal STH carriage is frequently asymptomic, or

presents only with vague and non-specific manifestations that are

common among HIV-infected persons – such as weight loss,

nutritional deficiency, anemia, abdominal discomfort, or diarrhea

[21,22]. Therefore, routine empiric treatment of STH infection

(‘‘deworming’’) in HIV-infected individuals living in regions with

high prevalence of STH has been suggested as a potential

intervention to delay HIV disease progression in ART naı̈ve

patients [4,22,23]. Studies testing this hypothesis in ART-naı̈ve

populations have been conflicting [24,25,26,27]. A meta-analysis

compiling data from three randomized controlled trials demon-

strated a significantly lower plasma viral load and higher CD4 count

in individuals receiving definitive therapy for confirmed helminth

infection [28]. However, a more recent multi-site randomized

controlled trial, reported by Walson and colleagues, demonstrated

no beneficial impact of empiric deworming on markers of HIV

disease progression in a similar ART-naı̈ve population [29].

Most prior studies investigating the impact of empiric deworm-

ing on markers of HIV disease progression have been performed

in ART-naı̈ve individuals. There is a paucity of data to

demonstrate the impact of deworming on clinical outcomes

among HIV-infected persons taking ART. In the past decade

over 8 million people living with HIV/AIDS have gained access to

ART [1] and this number is expected to continue to grow rapidly

as international guidelines recommend earlier treatment at higher

CD4 counts [30]. There is increasing evidence that persistent

immune activation – perhaps mediated to some extent by the

translocation of pro-inflammatory microbial products across a

dysfunctional gastrointestinal mucosal barrier [31,32,33] – is

associated with mortality and adverse clinical outcomes, even

among those achieving viral suppression on ART

[11,34,35,36,37,38]. In response, a number of interventions are

in development and testing which aim to reduce immune

activation in this population [39]. Given the potential associations

between STH infection, disruption of the gut mucosal barrier, and

immune activation, deworming therapy warrants further explora-

tion as such an intervention.

Our primary objective was to estimate the association between

empiric deworming and change in CD4 count over time in HIV-

infected individuals receiving ART in southwestern Uganda. We

hypothesized that receipt of deworming therapy (versus no

antecedent deworming) was associated with greater increase in

CD4 count. In the Mbarara district, where the majority of our

study population resides, combined prevalence of the three major

STH infections is estimated to be 20–50% [40,41,42,43,44].

Hookworm is the most commonly identified STH in epidemio-

logic surveys, both in this district and throughout East Africa

[41,42,43]. Although schistosomal infection is endemic in many

Ugandan communities living around low-lying bodies of fresh

water, it is relatively uncommon in the higher altitude areas of

Mbarara district [45,46]. As a result, our clinic does not routinely

perform diagnostic testing for Schistosoma species or administer

empiric praziquantel.

A secondary objective was to estimate the association between

empiric deworming and other markers of nutritional status, such

as body mass and anemia, during treated HIV infection. Because

STH infection is an important cause of malnutrition – specifically,

hookworms are known to cause gastrointestinal blood loss resulting

in iron deficiency anemia [47] – we hypothesized that deworming

was associated with greater increase in total body mass and blood

hemoglobin concentration with time on ART.

Methods

Ethics statement
Ethical approval for all study procedures was obtained from the

Committee on Human Research, University of California at San

Francisco; the Partners Human Research Committee, Massachu-

setts General Hospital; and the Institutional Review Committee,

Mbarara University of Science and Technology. Consistent with

national guidelines, we received clearance for the study from the

Uganda National Council for Science and Technology and from

the Research Secretariat in the Office of the President. The

database used for this analysis is primarily a clinical database.

Personal identifiers and protected health information are removed

prior to data extraction and analysis. As such, all ethical review

committees granted a waiver for informed consent.

Study design and population
We conducted a retrospective, observational study among HIV-

infected adults on ART at a large, publicly operated, regional HIV

clinic located on the campus of the Mbarara Regional Referral

Hospital in southwestern Uganda. Clinical data from 1998

through 2009 were analyzed in this study. Depending on clinical

status, patients were seen in the clinic approximately two to six

times annually. We included all subjects aged 17 years or greater

who were on ART and had at least one recorded CD4 count test

during the study period.

Definition of variables
For a given CD4 count measurement, subjects were assigned as

having received deworming treatment if they were prescribed

Author Summary

It is estimated that up to half of all people infected with
HIV in sub-Saharan Africa are co-infected with one or more
gastrointestinal parasites. These parasitic infections may
negatively impact the ability of the immune system to
combat the HIV virus, leading to worse clinical outcomes in
people with HIV. Therefore, routine, universal, empiric
treatment of gastrointestinal parasite infections (‘‘deworm-
ing’’) has been suggested as one strategy for optimizing
HIV outcomes in this region. Previous studies have
provided conflicting results on whether empiric deworm-
ing positively impacts markers of HIV disease progression
such as CD4 count and viral load, but all of these studies
were performed in HIV-infected individuals not yet on
antiretroviral therapy. In this study, we measured the
association between receipt of empiric deworming and
CD4 count over time in HIV-infected adults taking
antiretroviral therapy in southwestern Uganda, an area
with a high parasite burden. We found that, overall, there
was no significant association between deworming and
change in CD4 count; however, when we performed a sub-
analysis looking exclusively at females during the first year
of ART, deworming was associated with significantly
increased CD4 count. These results suggest that empiric
deworming may not be an effective generalized strategy
for improving HIV treatment outcomes in sub-Saharan
Africa; however, the possibility of targeted benefit in
specific sub-populations deserves further investigation.

Empiric Deworming and CD4 Count Recovery
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either albendazole or mebendazole between 7 and 90 days before

the date of the CD4 test. The same 7 to 90 day time window was

used to assign credit for deworming with respect to the date of

measurement for our secondary outcomes, body mass and

hemoglobin. Standard practice in this clinic was to administer a

single oral dose of either albendazole (500 milligrams) or

mebendazole (400 milligrams) for routine deworming approxi-

mately once per year (which corresponds to approximately every

six visits). We chose a 7 to 90 day window to assign credit for

having received deworming therapy based on evidence that the

likelihood of STH re-infection approaches 50% at 90 days post-

treatment [48]. Additionally, this time window was chosen in

order to maintain consistency with prior studies that examined the

effect of deworming on CD4 count at 70 to 112 days after

deworming [24,25,26,27].

Statistical analysis
We compared baseline characteristics between subjects who

received at least one deworming treatment and those who received

no deworming during the study period. Categorical variables were

compared between these groups using chi squared testing, and

continuous variables using the equality of medians test.

In our primary analysis, we fit a multivariable linear regression

model to estimate the association between deworming and CD4

count. The primary explanatory variables of interest were time on

ART, receipt (vs. non-receipt) of deworming, and an interaction

between these two variables. Because graphical depiction of CD4

changes on ART demonstrated a clear leveling of the rate of

increase in CD4 count after one year of ART, we implemented a

linear spline model for duration of ART with a knot at one year.

We then carried out a sub-analysis stratified by gender, to

determine if there was a differential effect of deworming in males

versus females. Finally, we performed two secondary analyses to

estimate the association between deworming and 1) body mass

(kilograms), and 2) blood hemoglobin concentration (grams per

deciliter). We fit a separate multivariable linear regression model

for each of these secondary outcomes, similarly using time on

ART, receipt (vs. non-receipt) of deworming, and a time by

deworming interaction term as our explanatory variables of

interest.

To account for within-participant clustering over time, we used

cluster-correlated robust estimates of variance [49,50]. We

adjusted for known correlates of HIV disease progression and

CD4 count change, including age, time on ART, co-morbid

tuberculosis infection, and pregnancy (if applicable). We consid-

ered also adjusting for known socio-demographic predictors of

STH infection, such as educational attainment, socioeconomic

status, and rural (versus urban) residence [18,51]; however, in our

clinical database these variables were inconsistently documented

over the course of the study period. Given the high degree of

missing data and the uneven distribution of missingness with

respect to other subject characteristics, we did not include these

additional co-variables in our final analyses. However, we did

employ the following relevant variables in a sensitivity analysis:

educational attainment, monthly income, and travel time from

home to clinic.

To test the robustness of our primary model, we performed

several sensitivity analyses. First, we fit a model in which CD4

count outliers were excluded. Outliers were defined as CD4 count

measurements that varied by greater than 400 cells/mm3

(approximately +/22 standard deviations from the median

change in CD4 count) from the immediately previous or

subsequent measurement. Additionally, we considered that the

potential benefit of deworming on CD4 count may persist for

greater than 90 days, and that some subjects who received

deworming may have simply not been scheduled for a CD4 count

measurement within the 7 to 90 day time window after

deworming. Therefore, we performed analyses in which credit

for deworming was extended to CD4 count measurements up 120

days and 180 days after treatment. Finally, although several

compelling socio-demographic indicators were missing for the

majority of our subjects, we performed a sensitivity analysis in

which educational attainment, monthly income, and travel time

from home to clinic were added as co-variables to our primary

model in a step-wise fashion. For our secondary analyses, we

performed sensitivity analyses in which we extended credit for

deworming up to 120 and 180 days, stratified by gender, and

excluded outliers, defined as body mass or hemoglobin measure-

ments that were +/23 standard deviations from the median. All

data analysis was performed using Stata version 11.2 (StataCorp,

College Station, Texas).

Results

From 1998–2009, a total of 5,379 subjects on ART attended

21,933 clinic visits at which a CD4 count was measured. Sixty-one

percent of subjects were female. The median baseline CD4 count

and age at the time of ART initiation were 270 cells/mm3 and

38.3 years, respectively. During our study period, the median

number of clinic visits per subject at which a CD4 count was

measured was four. A total of 2,781 out of 5,379 (52%) subjects

received deworming therapy at least once during the observation

period, and a total of 668 (3%) CD4 count measurements were

preceded by deworming therapy within the 7 to 90 day time

window. Baseline characteristics, compared between subjects that

received deworming therapy at least one time during the study

period and those that received no deworming therapy during the

study period, are summarized in Table 1.

In our primary multivariable linear regression analysis

(Table 2), deworming was not significantly associated with a

change in CD4 count over time in either the first year on ART

(b= 42.8; 95% CI, 22.1 to 87.7) or after the first year of ART

(b= 29.9; 95% CI, 224.1 to 4.4). In this model, statistically

significant predictors of CD4 count were age, time on ART,

tuberculosis co-infection, and receipt of deworming. Based on

estimates derived from our primary model, predicted CD4 count

as a function of time on ART is graphically depicted in Figure 1.

In our sensitivity analyses, excluding outlier CD4 values, extending

the treatment window, or adjusting for additional socio-demo-

graphic variables did not yield qualitatively different results.

In the sub-analysis restricted to female gender (Table 3),

deworming was significantly associated with a greater increase in

CD4 count during the first year of ART (b= 63.0; 95% CI, 6.0 to

120.1), but not after the first year of ART (b= 215.4; 95% CI,

232.6 to 1.8). Statistically significant predictors of CD4 count

were time on ART, tuberculosis co-infection, pregnancy, and

receipt of deworming. When the analysis was restricted to male

gender, deworming was not significantly associated with CD4

count change in either the first year on ART (b= 13.0; 95% CI,

257.4 to 83.4) or after the first year of ART (b= 26.9; 95% CI,

229.3 to 15.5). Statistically significant predictors of CD4 count for

males were time on ART and tuberculosis co-infection. Notably,

as compared to males in our study population, females were

significantly younger (median age 36.2 vs. 41.3; p,0.001), more

likely to have initiated ART after 2007 (48.1% vs. 44.4%;

p = 0.009), less likely to have ever had tuberculosis during the

study period (15.2% vs. 25.6%; p,0.001), and had significantly

higher pre-ART baseline CD4 count (282 vs. 248; p,0.001).

Empiric Deworming and CD4 Count Recovery
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Table 1. Subject characteristics.

Characteristic n

Received deworming at
least once during study
period (n = 2781)

Never received deworming
during study period
(n = 2598) x2 (p-value)

Gender; n (%) 5379

Female 3302 1695 (61.0%) 1607 (61.9%) 0.47 (0.50)

Male 2077 1086 (39.0%) 991 (38.1%)

Time of ART initiation; n (%) 5379

Prior to January 1, 2007 2868 1482 (53.3%) 1386 (53.4%) 0.002 (0.97)

On or after January 1, 2007 2511 1299 (46.7%) 1212 (46.6%)

Baseline CD4 count at time of ART initiation;
median (IQR)

5379 265 (163–392) 273 (166–395) 1.72 (0.19)

Age at time of first post-ART CD4 count
(years); median (IQR)

5359 38.4 (32.5–44.3) 38.0 (32.4–44.7) 1.42 (0.23)

Clinic visits at which CD4 count was obtained;
median (IQR)

5379 4 (2–6) 3 (2–5) 90.49 (,0.001)

Education; n (%) 2106

Primary only 1457 847 (69.9%) 610 (68.2%) 0.77 (0.38)

Secondary or greater 649 364 (30.1%) 285 (31.8%)

Monthly income (Uganda shillings)*; n (%) 1439

,100000 1095 616 (76.1%) 479 (76.0%) 0.002 (0.96)

$100000 344 193 (23.9%) 151 (24.0%)

Self-reported travel time from home to clinic 1577

,1 hour 815 464 (52.6%) 351 (50.5%) 0.69 (0.41)

.1 hour 762 418 (47.4%) 344 (49.5%)

Diagnosed with TB at least once during study
period

5379

Yes 1033 540 (19.4%) 493 (90.0%) 0.17 (0.68)

No 4346 2241 (80.6%) 2105 (81.0%)

Pregnant at least once during study period 3302

Yes 733 375 (22.1%) 358 (22.3%) 0.01 (0.92)

No 2569 1320 (77.9%) 1249 (77.7%)

*100000 Uganda shillings valued at approximately 40 USD as of April 1, 2014.
doi:10.1371/journal.pntd.0003036.t001

Table 2. Primary analysis: multivariable linear regression model of predictors of CD4 count (n = 5379).

Parameter b 95% CI p-value

Time on ART

0 to 1 year (per year of ART up to 1 year) 98.5 85.5 to 111.6 ,0.001

.1 year (per year of ART after 1 year) 31.2 26.8 to 35.6 ,0.001

Age (each year of age) 20.8 21.4 to 20.2 0.011

TB co-infection 2114.8 2153.9 to 275.8 ,0.001

Deworming 255.6 286.3 to 225.0 ,0.001

Deworming6Time on ART interaction term{

0 to 1 year on ART 42.8 22.2 to 87.7 0.062

.1 year on ART 29.9 224.1 to 4.4 0.174

{Predicted difference in CD4 count between patients receiving versus not receiving deworming therapy in the past 90 days. The interaction terms were separated by
duration of prior ART use as up to 1 year of therapy versus greater than 1 year of therapy.
doi:10.1371/journal.pntd.0003036.t002

Empiric Deworming and CD4 Count Recovery
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Females and males were not significantly different with respect to

the likelihood of receiving deworming at least once during the

study period, as well as the median number post-ART visits at

which a CD4 measurement was obtained.

In the secondary analyses, there was no significant effect of

deworming on either body mass (b= 20.09; 95% CI, 20.40 to

0.23) or hemoglobin (b= 0.08; 95% CI, 20.05 to 0.22) over time

(Table 4). Statistically significant predictors of both body mass and

hemoglobin were time on ART, age, tuberculosis co-infection, and

receipt of deworming. The sensitivity analysis in which we

extended the time window for assigning deworming credit and

simultaneously restricted the population to females resulted in the

new observation that deworming was significantly associated with

increased hemoglobin concentration over time for both the 120

day (b= 0.15; 95% CI, 0.02 to 0.27) and the 180 day (b= 0.14;

95% CI, 0.04 to 0.25) time windows. Otherwise, the remaining

sensitivity analyses for both the body mass and hemoglobin

outcomes yielded qualitatively similar results to the original

models.

Discussion

In this retrospective analysis accounting for over 600 deworm-

ing events in more than 5,000 persons accessing HIV care at a

public clinic during a 10 year period in rural Uganda, we found no

generalized benefit of empiric deworming on CD4 count recovery

among HIV-infected individuals on ART. Although it did not

reach statistical significance, it is notable that deworming predicted

an increased CD4 count over time during the first year on ART,

but not during subsequent years. Additionally, in the sub-

Figure 1. Predicted CD4 count by time on ART. Predicted values are based on the multivariable linear regression model y = a+b1t+b2t+b3t+b4t,
where the independent variable, y, is CD4 count; the dependent variable, t, is time on ART, the y-intercept, a, is CD4 count at t = 0, and b1–b4 are
respective b-coefficients for the co-variables age, TB co-infection, deworming, and deworming*time interaction.
doi:10.1371/journal.pntd.0003036.g001

Table 3. Multivariable linear regression model of predictors of CD4 count, stratified by gender (n = 5379).

Female (n = 3302) Male (n = 2077)

Parameter b 95% CI p-value b 95% CI p-value

Time on ART

0 to 1 year (per year of ART up to 1 year) 109.8 92.5 to 127.0 ,0.001 65.6 45.2 to 86.0 ,0.001

.1 year (per year of ART after 1 year) 38.4 32.1 to 44.7 ,0.001 22.6 16.9 to 28.4 ,0.001

Age 0.1 20.8 to 1.0 0.777 0.3 20.6 to 1.1 0.578

TB co-infection 2104.4 2161.3 to 247.4 ,0.001 2109.5 2159.0 to 260.1 ,0.001

Pregnant 231.8 253.1 to 210.7 0.003 n/a n/a n/a

Deworming 267.3 2103.9 to 230.7 ,0.001 234.3 288.7 to 20.1 0.217

Deworming6Time on ART interaction{

Deworming during 0 to 1 year on ART 63.0 6.0 to 120.1 0.030 13.0 257.4 to 83.4 0.717

Deworming during .1 year on ART 215.4 232.6 to 1.8 0.078 26.9 229.3 to 15.5 0.544

{Predicted difference in CD4 count between patients receiving versus not receiving deworming therapy in the past 90 days. The interaction terms were separated by
duration of prior ART use as up to 1 year of therapy versus greater than 1 year of therapy.
doi:10.1371/journal.pntd.0003036.t003
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population of females, deworming predicted a significantly greater

rise in CD4 count during the first year on ART. Not only was the

latter effect statistically significant, but compared to our primary

model the magnitude of CD4 count increase was greater. In the

secondary analysis, deworming conferred no benefit on body

weight over time. Similarly, in our original model for the

hemoglobin outcome, deworming conferred no benefit on

hemoglobin level over time; however, we did observe a small

but significant increase in hemoglobin level with deworming when

we concurrently restricted the population to females and extended

the time window for assigning deworming credit to 120 or 180

days before a given hemoglobin measurement.

Interestingly, in both our primary model and the sub-analysis

restricted to females, baseline CD4 count at time of ART initiation

was significantly lower in subjects who received deworming. One

possible explanation for this would be if clinicians were more likely

to recommend deworming to patients who were judged to be

clinically more ill, or more specifically to those with lower CD4

counts. This notion is supported by our finding that both baseline

body weight and hemoglobin were also lower in subjects who

received deworming. Given that we observed a non-significant

trend toward greater CD4 count recovery during the first year of

ART with deworming (and a significant effect in the female sub-

analysis), it is intriguing to speculate that our estimate did not

reach significance simply due to methodological limitations, such

as an unidentified bias toward the null, under-powering, or

residual confounding. Additionally, the dominant effect of ART

on CD4 count recovery may have masked any smaller, but still

potentially significant, effect of deworming. In light of these

limitations, it is critical to interpret the above findings in the

context of the disparity in baseline CD4 count between those

receiving deworming and those not (Table 1). The fact that,

independent of deworming, there was no significant association

between baseline CD4 count and rate of CD4 count rise during

the first year of ART (data not shown) suggests that a true

treatment effect may be more likely.

It should be noted that females in our study population differed

significantly from males with respect to several important baseline

characteristics in our model, including age, tuberculosis co-

infection, and baseline CD4 count. Our finding that deworming

had a significant benefit for females during the first year on ART

may be partly explained by the fact that females in our population

were younger and less likely to have tuberculosis co-infection, since

both age and tuberculosis co-infection were inversely associated

with CD4 count in our primary model, and in prior studies

[52,53]. Notably, our models included both age and tuberculosis

co-infection, which should account for potential confounding by

these factors.

We are unaware of prior data supporting a differential impact of

deworming between males and females. The most likely explana-

tion is unmeasured confounding between these two groups.

Barring that, a plausible explanation for our findings would be

greater prevalence of helminth infection or higher parasite load

among females in our population. However, we have no

compelling reason to suspect this. In fact, several studies in

HIV-infected populations have demonstrated that prevalence of

STH infection in some areas of East Africa is actually similar to or

lower in females than in males [54,55,56,57]. However, that these

studies were conducted in regions outside of our geographic area

of scope and may not be generalizable to our study population.

Models demonstrating the impact of deworming on changes in

body mass and hemoglobin after ART initiation paralleled the

results of our primary analysis of CD4 count. Although both

models failed to demonstrate a significant effect of deworming,

time on ART was strongly associated with both greater body mass

and greater hemoglobin levels. Similarly, tuberculosis co-infection

was strongly associated with both decreased body mass and

decreased hemoglobin level. Taken together, these findings

support the validity of the analyses because they are consistent

with anticipated results based on known relationships.

Interestingly, in a sensitivity analysis in which we permitted an

increased duration of deworming therapeutic response from 90 to

120 or 180 days, we found that deworming was associated with

increases in hemoglobin in females only. This finding may be

explained by the fact that hemoglobin levels are checked less

frequently than CD4 count in our clinical population. Therefore,

lengthening the deworming therapeutic time window may have

increased the number of hemoglobin measurements receiving

credit for deworming, thereby increasing the statistical power to

allow for measurement of this association. Alternatively, it is

Table 4. Secondary analysis: multivariable linear regression modeling of predictors of body mass and blood hemoglobin
concentration.

Parameter b 95% CI p-value

Body Mass (kg), n = 7225

Time on ART (years) 1.11 0.97 to 1.25 ,0.001

Age (each year of age) 0.08 0.05 to 0.11 ,0.001

TB co-infection 24.95 25.88 to 24.03 ,0.001

Deworming 22.43 22.99 to 21.87 ,0.001

Deworming6Time on ART interaction term{ 20.09 20.40 to 0.23 0.599

Hemoglobin (g/dl), n = 4811

Time on ART (years) 0.33 0.30 to 0.37 ,0.001

Age (each year of age) 0.01 0.00 to 0.02 0.001

TB co-infection 21.67 22.37 to 20.97 ,0.001

Deworming 20.81 21.15 to 20.47 ,0.001

Deworming6Time on ART interaction term{ 0.08 20.05 to 0.22 0.222

{Predicted difference in body mass or blood hemoglobin concentration between patients receiving versus not receiving deworming therapy in the past 90 days.
doi:10.1371/journal.pntd.0003036.t004
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possible that a period of time greater than 90 days is required for

deworming to sufficiently exert an effect on hemoglobin levels,

which is consistent with the known red blood cell life span of

approximately 120 days. Alternatively, deworming may confer a

benefit on hemoglobin levels directly by reducing the gastrointes-

tinal parasite load, particularly with respect to hookworms.

Although this study is strengthened by its large sample size

(668 deworming visits) and ability to adjust for key confounding

variables, we acknowledge that there are several notable

limitations beyond the inherent risks for confounding and bias

in a retrospective analysis. First, although STH infection is

reported to be high in southwestern Uganda [40,41,42,43,44],

actual prevalence in our study population was unknown. Lower

rates of infection than previously published would bias the

observed effect of any true deworming treatment effect towards

the null. Similarly, STH infection intensity (stool parasite load)

was also unmeasured, although it should be considered as a

factor that may modulate any potential effect of empiric

deworming. The intensity of STH infection has been shown to

correlate with certain markers of clinical disease severity,

including anemia and eosinophilia [18,19]. Therefore, it is

conceivable that deworming may exert a greater beneficial effect

on CD4 count recovery in the setting of higher intensity STH

infection. Second, because viral load monitoring was not

routinely available in our study setting, it is not possible to

adjust for the presence or absence of viral suppression, an

important predictor of CD4 reconstitution. We would only expect

confounding if receipt of deworming therapy were associated with

virologic failure, which is unlikely given the nearly equivalent

patterns of CD4 reconstitution observed in both groups. Third, a

small incremental effect conferred by deworming may be obscured

by the expected dominant effect of ART (and resulting suppression

of HIV activity) on CD4 count recovery. Fourth, although most

patients (52%) received deworming therapy at least once during the

observation period, deworming therapy was recorded prior to only

3% of visits with a corresponding CD4 count measurement, which

is less than what would be expected with annual deworming visits

(i.e. closer to 10–20%). Fifth, patients at our clinic site receive only a

single dose of either mebendazole or albendazole at each

deworming. Therefore, it is possible that high rates of STH re-

infection [48] and incomplete eradication of parasite load with

standard doses of anti-helminthic therapy [58], especially in

individuals with a large parasite burden, may obscure the potential

benefit of deworming on CD4 count recovery.

Finally, host-parasite interactions during STH infection are

complex and incompletely understood. In addition to causing disease,

helminths have been associated with protection from atopic

syndromes and other pathologic inflammatory conditions [59,60].

Like these conditions, untreated HIV infection is characterized by the

presence of exuberant systemic inflammation and immune activation.

This lessens with the initiation of ART, but never completely

normalizes to the levels seen in HIV-uninfected individuals [12,36].

Furthermore, even in the setting of virologic control on ART, higher

levels of immune activation are associated with increased risk for HIV

disease progression and mortality [11,12,33,36]. Given that there are

conflicting data on the association between STH infection and

immune activation [3,5,61,62], it is plausible to consider that STH

infection may promote immune activation only in certain circum-

stances. This is supported by evidence that STH infections may both

promote and protect against immune activation – by disrupting the

gut mucosal barrier during high-intensity infection, or by reinforcing

mucosal barriers in other settings, respectively [63].

Therefore, we cannot rule out the possibility that, depending on

host and parasite-specific characteristics (for example: helminth

species, stage of infection, host genetic factors), STH infection –

and therefore deworming – may alternately confer either

beneficial or deleterious effects on HIV disease progression.

Indeed, it has been suggested that low-intensity infection with

certain helminth species may protect against HIV disease

progression [5,64]. Thus, it is possible that only under certain

circumstances will deworming confer a significant benefit on HIV

disease progression or CD4 count recovery. Under certain

conditions, deworming could even cause harm by disrupting as

yet incompletely understood pathways by which helminths protect

against pathologic inflammation and T-cell activation. Alterna-

tively, anti-helminthic agents could have pleiotropic effects with

either antiviral or immunomodulatory properties.

One might consider a hypothetical model in which deworming

is beneficial during the most active period of STH-mediated

mucosal disruption (such as early in the natural history of STH

infection), but is in fact detrimental or has no effect during chronic,

stable, low-intensity infection – when protective anti-inflammatory

or mucosal barrier stabilizing effects of STH infection presumably

predominate. Consistent with this model, the variation in life cycle

and time course of infection between different STH species may

explain species-specific differences in the effect of deworming on

HIV disease progression that have been observed in certain

settings [24,55]. Furthermore, several studies have demonstrated

an association between STH infection and higher CD4 count in

ART-naı̈ve, HIV-infected individuals [18,51,54]. Although po-

tentially confounded by a number of factors, this finding is

consistent with a model in which low-intensity STH infection

confers a beneficial effect on CD4 count.

In summary, our findings are consistent with previous studies

that failed to find a benefit of empiric deworming in ART-naı̈ve,

HIV-infected individuals [25,29,55], but also suggest that there

may be a modest benefit among women on ART. Although our

study does not support a role for universal, empiric deworming as

a method to improve immune reconstitution in the general

population of HIV-infected persons on ART, this strategy

warrants further investigation as a potential adjunct to optimize

ART effectiveness in females. Regardless of these results,

deworming should continue to be a fundamental part of routine

care for individuals living in areas highly endemic for STH

infection.

Given the inherent constraints of our retrospective study design,

including the inability to select at least a representative sample of

subjects with confirmed and quantified STH infection, there is a

need for more thoroughly controlled, randomized, and prospective

studies that will avoid such limitations. These future investigations

could more clearly establish any deworming treatment effects of

targeted benefit to those with confirmed STH infections. Future

studies should also examine the role of deworming using optimally

effective anti-helminthic drug regimens, the effect of empiric

treatment on specific sub-populations, and the impact of

deworming on other surrogate and clinical markers or sequelae

of HIV disease, including immune activation, systemic inflamma-

tion, gut microbial translocation, and cardiovascular disease.

Additional investigations are also warranted to confirm our finding

of improved CD4 count recovery with empiric deworming in the

sub-population of females.

Finally, to our knowledge this is the first study to describe the

impact of deworming on clinical and immunologic markers of

HIV disease in patients on ART. Given the increasing accessibility

of ART in sub-Saharan Africa and other regions that are co-

endemic for HIV and STH infection, future research on

deworming and HIV infection ought to focus on patients initiating

or already on ART.

Empiric Deworming and CD4 Count Recovery

PLOS Neglected Tropical Diseases | www.plosntds.org 7 August 2014 | Volume 8 | Issue 8 | e3036



Supporting Information

Checklist S1 STROBE Checklist. Check (!) marks indicate

that the authors have included the item in the manuscript. ‘‘N/A’’

indicates that the authors feel the item is not applicable to this

specific study.

(PDF)

Acknowledgments

We thank the data management teams at the Immune Suppression

Syndrome Clinic of the Mbarara Regional Referral Hospital, and at the

University of California San Francisco, for their efforts in collecting and

organizing all clinical data used in this study.

Author Contributions

Conceived and designed the experiments: AJL ACT PWH MJS.

Performed the experiments: AJL ACT MJS. Analyzed the data: AJL

ACT MJS. Contributed reagents/materials/analysis tools: MK MB JEH

MW JNM DRB PWH MJS. Wrote the paper: AJL ACT MJS. Contributed

to data extraction and/or data management: MK MB MW. Organized the

creation of the clinical database from which data were gathered, including

procurement of ethical clearance: MK MB JEH MW JNM DRB PWH.

References

1. Joint United Nations Programme on HIV/AIDS (2013) Global report:

UNAIDS report on the global AIDS epidemic 2013.

2. Braitstein P, Brinkhof MW, Dabis F, Schechter M, Boulle A, et al. (2006)

Mortality of HIV-1-infected patients in the first year of antiretroviral therapy:

comparison between low-income and high-income countries. Lancet 367: 817–

824.

3. Bentwich Z, Kalinkovich A, Weisman Z (1995) Immune activation is a dominant

factor in the pathogenesis of African AIDS. Immunol Today 16: 187–191.

4. Borkow G, Bentwich Z (2006) HIV and helminth co-infection: is deworming

necessary? Parasite Immunol 28: 605–612.

5. Brown M, Mawa PA, Kaleebu P, Elliott AM (2006) Helminths and HIV

infection: epidemiological observations on immunological hypotheses. Parasite

Immunol 28: 613–623.

6. Blish CA, Sangare L, Herrin BR, Richardson BA, John-Stewart G, et al. (2010)

Changes in plasma cytokines after treatment of ascaris lumbricoides infection in

individuals with HIV-1 infection. J Infect Dis 201: 1816–1821.

7. Kalinkovich A, Borkow G, Weisman Z, Tsimanis A, Stein M, et al. (2001)

Increased CCR5 and CXCR4 expression in Ethiopians living in Israel:

environmental and constitutive factors. Clin Immunol 100: 107–117.

8. Lawn SD, Butera ST, Folks TM (2001) Contribution of immune activation to

the pathogenesis and transmission of human immunodeficiency virus type 1

infection. Clin Microbiol Rev 14: 753–777.

9. Chachage M, Podola L, Clowes P, Nsojo A, Bauer A, et al. (2014) Helminth-

associated systemic immune activation and HIV co-receptor expression:

response to albendazole/praziquantel treatment. PLoS Negl Trop Dis 8: e2755.

10. El-Sadr WM, Lundgren J, Neaton JD, Gordin F, Abrams D, et al. (2006) CD4+
count-guided interruption of antiretroviral treatment. N Engl J Med 355: 2283–

2296.

11. Hunt PW, Cao HL, Muzoora C, Ssewanyana I, Bennett J, et al. (2011) Impact of

CD8+ T-cell activation on CD4+ T-cell recovery and mortality in HIV-infected

Ugandans initiating antiretroviral therapy. AIDS 25: 2123–2131.

12. Hunt PW (2012) HIV and inflammation: mechanisms and consequences. Curr

HIV/AIDS Rep 9: 139–147.

13. Hotez PJ, Molyneux DH, Fenwick A, Kumaresan J, Sachs SE, et al. (2007)

Control of neglected tropical diseases. N Engl J Med 357: 1018–1027.

14. Molyneux DH, Hotez PJ, Fenwick A (2005) ‘‘Rapid-impact interventions’’: how

a policy of integrated control for Africa’s neglected tropical diseases could benefit

the poor. PLoS Med 2: e336.

15. Hotez PJ, Bundy DAP, Beegle K, et al. (2006) Helminth Infections: Soil-

transmitted Helminth Infections and Schistosomiasis. In: Jamison DT, Breman

JG, Measham AR, et al., editors. Disease Control Priorities in Developing

Countries. 2nd edition. Washington D.C.: World Bank. Chapter 24. Available:

http://www.ncbi.nlm.nih.gov/books/NBK11748/. Accessed 15 July 2014.

16. Santos FL, Cerqueira EJ, Soares NM (2005) Comparison of the thick smear and

Kato-Katz techniques for diagnosis of intestinal helminth infections. Rev Soc

Bras Med Trop 38: 196–198.

17. Bergquist R, Johansen MV, Utzinger J (2009) Diagnostic dilemmas in

helminthology: what tools to use and when? Trends Parasitol 25: 151–156.

18. Arndt MB, John-Stewart G, Richardson BA, Singa B, van Lieshout L, et al.

(2013) Impact of helminth diagnostic test performance on estimation of risk

factors and outcomes in HIV-positive adults. PLoS One 8: e81915.

19. Ojha SC, Jaide C, Jinawath N, Rotjanapan P, Baral P (2014) Geohelminths:

public health significance. J Infect Dev Ctries 8: 5–16.

20. Petti CA, Polage CR, Quinn TC, Ronald AR, Sande MA (2006) Laboratory

medicine in Africa: a barrier to effective health care. Clin Infect Dis 42: 377–

382.

21. Bethony J, Brooker S, Albonico M, Geiger SM, Loukas A, et al. (2006) Soil-

transmitted helminth infections: ascariasis, trichuriasis, and hookworm. Lancet

367: 1521–1532.

22. Walson JL, John-Stewart G (2007) Treatment of helminth co-infection in

individuals with HIV-1: A systematic review of the literature. PLoS Negl Trop

Dis 1: e102.

23. Gerns HL, Sangare LR, Walson JL (2012) Integration of deworming into HIV

care and treatment: a neglected opportunity. PLoS Negl Trop Dis 6: e1738.

24. Walson JL, Otieno PA, Mbuchi M, Richardson BA, Lohman-Payne B, et al.

(2008) Albendazole treatment of HIV-1 and helminth co-infection: a
randomized, double-blind, placebo-controlled trial. AIDS 22: 1601–1609.

25. Modjarrad K, Zulu I, Redden DT, Njobvu L, Lane HC, et al. (2005) Treatment
of intestinal helminths does not reduce plasma concentrations of HIV-1 RNA in

coinfected Zambian adults. J Infect Dis 192: 1277–1283.

26. Kallestrup P, Zinyama R, Gomo E, Butterworth AE, Mudenge B, et al. (2005)

Schistosomiasis and HIV-1 infection in rural Zimbabwe: effect of treatment of

schistosomiasis on CD4 cell count and plasma HIV-1 RNA load. J Infect Dis
192: 1956–1961.

27. Nielsen NO, Simonsen PE, Dalgaard P, Krarup H, Magnussen P, et al. (2007)
Effect of diethylcarbamazine on HIV load, CD4%, and CD4/CD8 ratio in

HIV-infected adult Tanzanians with or without lymphatic filariasis: randomized
double-blind and placebo-controlled cross-over trial. Am J Trop Med Hyg 77:

507–513.

28. Walson JL, Herrin BR, John-Stewart G (2009) Deworming helminth co-infected
individuals for delaying HIV disease progression. Cochrane Database Syst Rev:

CD006419.

29. Walson J, Singa B, Sangare L, Naulikha J, Piper B, et al. (2012) Empiric

deworming to delay HIV disease progression in adults with HIV who are
ineligible for initiation of antiretroviral treatment (the HEAT study): a multi-site,

randomised trial. Lancet Infect Dis 12: 925–932.

30. World Health Organization (2013) Consolidated guidelines on the use of
antiretroviral drugs for treating and preventing HIV infection. Available: http://

apps.who.int/iris/bitstream/10665/85321/1/9789241505727_eng.pdf. Ac-
cessed 9 November 2013.

31. Brenchley JM, Price DA, Schacker TW, Asher TE, Silvestri G, et al. (2006)
Microbial translocation is a cause of systemic immune activation in chronic HIV

infection. Nat Med 12: 1365–1371.

32. Estes JD, Harris LD, Klatt NR, Tabb B, Pittaluga S, et al. (2010) Damaged
intestinal epithelial integrity linked to microbial translocation in pathogenic

simian immunodeficiency virus infections. PLoS Pathog 6: e1001052.

33. Lederman MM, Calabrese L, Funderburg NT, Clagett B, Medvik K, et al.

(2011) Immunologic failure despite suppressive antiretroviral therapy is related
to activation and turnover of memory CD4 cells. J Infect Dis 204: 1217–1226.

34. Tien PC, Choi AI, Zolopa AR, Benson C, Tracy R, et al. (2010) Inflammation

and mortality in HIV-infected adults: analysis of the FRAM study cohort.
J Acquir Immune Defic Syndr 55: 316–322.

35. Kuller LH, Tracy R, Belloso W, De Wit S, Drummond F, et al. (2008)
Inflammatory and coagulation biomarkers and mortality in patients with HIV

infection. PLoS Med 5: e203.

36. Kalayjian RC, Machekano RN, Rizk N, Robbins GK, Gandhi RT, et al. (2010)

Pretreatment levels of soluble cellular receptors and interleukin-6 are associated

with HIV disease progression in subjects treated with highly active antiretroviral
therapy. J Infect Dis 201: 1796–1805.

37. Boulware DR, Hullsiek KH, Puronen CE, Rupert A, Baker JV, et al. (2011)
Higher levels of CRP, D-dimer, IL-6, and hyaluronic acid before initiation of

antiretroviral therapy (ART) are associated with increased risk of AIDS or death.
J Infect Dis 203: 1637–1646.

38. Sandler NG, Wand H, Roque A, Law M, Nason MC, et al. (2011) Plasma levels

of soluble CD14 independently predict mortality in HIV infection. J Infect Dis
203: 780–790.

39. Hatano H (2013) Immune activation and HIV persistence: considerations for
novel therapeutic interventions. Curr Opin HIV AIDS 8: 211–216.

40. Brooker S, Kabatereine NB, Tukahebwa EM, Kazibwe F (2004) Spatial analysis
of the distribution of intestinal nematode infections in Uganda. Epidemiol Infect

132: 1065–1071.

41. Kabatereine NB, Tukahebwa EM, Kazibwe F, Twa-Twa JM, Barenzi JF, et al.
(2005) Soil-transmitted helminthiasis in Uganda: epidemiology and cost of

control. Trop Med Int Health 10: 1187–1189.

42. Shapiro AE, Tukahebwa EM, Kasten J, Clarke SE, Magnussen P, et al. (2005)

Epidemiology of helminth infections and their relationship to clinical malaria in
southwest Uganda. Trans R Soc Trop Med Hyg 99: 18–24.

43. Clements AC, Deville MA, Ndayishimiye O, Brooker S, Fenwick A (2010)

Spatial co-distribution of neglected tropical diseases in the east African great

Empiric Deworming and CD4 Count Recovery

PLOS Neglected Tropical Diseases | www.plosntds.org 8 August 2014 | Volume 8 | Issue 8 | e3036

http://www.ncbi.nlm.nih.gov/books/NBK11748/
http://apps.who.int/iris/bitstream/10665/85321/1/9789241505727_eng.pdf
http://apps.who.int/iris/bitstream/10665/85321/1/9789241505727_eng.pdf


lakes region: revisiting the justification for integrated control. Trop Med Int

Health 15: 198–207.

44. Global Atlas of Helminth Infections. Available: http://www.thiswormyworld.

org/maps/2013/distribution-of-soil-transmitted-helminth-survey-data-in-

uganda. Accessed 22 April 2014.

45. Global Atlas of Helminth Infections. Available: http://www.thiswormyworld.

org/sites/www.thiswormyworld.org/files/images/maps/Uganda_Schisto.png.

Accessed 22 April 2014.

46. Kabatereine NB, Brooker S, Tukahebwa EM, Kazibwe F, Onapa AW (2004)

Epidemiology and geography of Schistosoma mansoni in Uganda: implications

for planning control. Trop Med Int Health 9: 372–380.

47. Hotez PJ, Brooker S, Bethony JM, Bottazzi ME, Loukas A, et al. (2004)

Hookworm infection. N Engl J Med 351: 799–807.

48. Jia TW, Melville S, Utzinger J, King CH, Zhou XN (2012) Soil-transmitted

helminth reinfection after drug treatment: a systematic review and meta-analysis.

PLoS Negl Trop Dis 6: e1621.

49. Huber PJ (1967) The behavior of maximum likelihood estimates under

nonstandard conditions. Proceedings of the Fifth Berkeley Symposium on

Mathematical Statistics and Probability 1: 221–233.

50. White H (1980) A heteroskedasticity-consistent covariance matrix estimator and

a direct test for heteroskedasticity. Econometrica 48: 817–830.

51. Walson JL, Stewart BT, Sangare L, Mbogo LW, Otieno PA, et al. (2010)

Prevalence and correlates of helminth co-infection in Kenyan HIV-1 infected

adults. PLoS Negl Trop Dis 4: e644.

52. Cingolani A, Cozzi Lepri A, Castagna A, Goletti D, De Luca A, et al. (2012)

Impaired CD4 T-cell count response to combined antiretroviral therapy in

antiretroviral-naive HIV-infected patients presenting with tuberculosis as AIDS-

defining condition. Clin Infect Dis 54: 853–861.

53. Kaufmann GR, Bloch M, Finlayson R, Zaunders J, Smith D, et al. (2002) The

extent of HIV-1-related immunodeficiency and age predict the long-term CD4

T lymphocyte response to potent antiretroviral therapy. AIDS 16: 359–367.

54. Elliott AM, Mawa PA, Joseph S, Namujju PB, Kizza M, et al. (2003)

Associations between helminth infection and CD4+ T cell count, viral load and
cytokine responses in HIV-1-infected Ugandan adults. Trans R Soc Trop Med

Hyg 97: 103–108.

55. Brown M, Kizza M, Watera C, Quigley MA, Rowland S, et al. (2004) Helminth
infection is not associated with faster progression of HIV disease in coinfected

adults in Uganda. J Infect Dis 190: 1869–1879.
56. Modjarrad K, Zulu I, Redden DT, Njobvu L, Freedman DO, et al. (2005)

Prevalence and predictors of intestinal helminth infections among human

immunodeficiency virus type 1-infected adults in an urban African setting.
Am J Trop Med Hyg 73: 777–782.

57. Knopp S, Mohammed KA, Stothard JR, Khamis IS, Rollinson D, et al. (2010)
Patterns and risk factors of helminthiasis and anemia in a rural and a peri-urban

community in Zanzibar, in the context of helminth control programs. PLoS Negl
Trop Dis 4: e681.

58. Keiser J, Utzinger J (2008) Efficacy of current drugs against soil-transmitted

helminth infections: systematic review and meta-analysis. JAMA 299: 1937–1948.
59. Yazdanbakhsh M, Kremsner PG, van Ree R (2002) Allergy, parasites, and the

hygiene hypothesis. Science 296: 490–494.
60. Fallon PG, Mangan NE (2007) Suppression of TH2-type allergic reactions by

helminth infection. Nat Rev Immunol 7: 220–230.

61. Mkhize-Kwitshana ZL, Taylor M, Jooste P, Mabaso ML, Walzl G (2011) The
influence of different helminth infection phenotypes on immune responses

against HIV in co-infected adults in South Africa. BMC Infect Dis 11: 273.
62. Chachage M, Podola L, Clowes P, Nsojo A, Bauer A, et al. (2014) Helminth-

associated systemic immune activation and HIV co-receptor expression:
response to albendazole/praziquantel treatment. PLoS Negl Trop Dis 8: e2755.

63. Boyett D, Hsieh MH (2014) Wormholes in host defense: how helminths

manipulate host tissues to survive and reproduce. PLoS Pathog 10: e1004014.
64. Wolday D, Mayaan S, Mariam ZG, Berhe N, Seboxa T, et al. (2002) Treatment

of intestinal worms is associated with decreased HIV plasma viral load. J Acquir
Immune Defic Syndr 31: 56–62.

Empiric Deworming and CD4 Count Recovery

PLOS Neglected Tropical Diseases | www.plosntds.org 9 August 2014 | Volume 8 | Issue 8 | e3036

http://www.thiswormyworld.org/maps/2013/distribution-of-soil-transmitted-helminth-survey-data-in-uganda
http://www.thiswormyworld.org/maps/2013/distribution-of-soil-transmitted-helminth-survey-data-in-uganda
http://www.thiswormyworld.org/maps/2013/distribution-of-soil-transmitted-helminth-survey-data-in-uganda
http://www.thiswormyworld.org/sites/www.thiswormyworld.org/files/images/maps/Uganda_Schisto.png
http://www.thiswormyworld.org/sites/www.thiswormyworld.org/files/images/maps/Uganda_Schisto.png

	Empiric Deworming and CD4 Count Recovery in HIV-Infected Ugandans Initiating Antiretroviral Therapy
	Let us know how access to this document benefits you.
	Citation Details
	Authors

	pntd.0003036 1..9

