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Abstract

Co-infections contribute to HIV-related pathogenesis and often increase viral load in HIV-infected
people. We did a systematic review to assess the effect of treating key co-infections on plasma
HIV-1-RNA concentrations in low-income countries. We identified 18 eligible studies for review:
two on tuberculosis, two on malaria, six on helminths, and eight on sexually transmitted
infections, excluding untreatable or non-pathogenic infections. Standardised mean plasma viral
load decreased after the treatment of co-infecting pathogens in all 18 studies. The standardised
mean HIV viral-load difference ranged from —0:04 logyg copies per mL (95% CI —0-24 to 0-16)
after syphilis treatment to —3-47 logyg copies per mL (95% CI —3-78 to —3-16) after tuberculosis
treatment. Of 14 studies with variance data available, 12 reported significant HIV viral-load
differences before and after treatment. Although many of the viral-load reductions were 1-0 logyg
copies per mL or less, even small changes in plasma HIV-RNA concentrations have been shown
to slow HIV progression and could translate into population-level benefits in lowering HIV
transmission risk.

Introduction

Sustainable and affordable therapeutic and preventive strategies for HIV and AIDS in
settings with limited health-care resources represent a formidable public health challenge.
Despite widespread implementation of antiretroviral therapy programmes, medications were
inaccessible or not yet indicated for 71% of the world’s HIV-infected people at the end of
2008.1 Antiretroviral therapy improves HIV prognosis and reduces infectiousness through
the reduction of plasma and genital viral load. However, treatment requires a life-long, daily
regimen supported by periodic laboratory tests to monitor the efficacy and toxicity of
treatment. Furthermore, patients without opportunistic infections and with higher CD4 cell
counts (ie, >350x108/L) might be advised to defer antiretroviral therapy in settings with
limited health-care resources. Thus, there remains a compelling imperative to prevent HIV
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Methods

transmission and to improve the prognosis of individuals infected with HIV in settings
where antiretroviral therapy is either not yet available or indicated.

In the 1980s, before the era of antiretroviral therapy, much attention was given to HIV co-
infections and their effect on host immunity.2 In-vitro data early in the HIV epidemic
showed that infections endemic to low-income countries upregulate HIV transcription and
robustly activate cellular immunity.3~8 Subsequent human studies have suggested that
treatment of co-infections could translate into small HIV viral-load reductions.”~12 A greater
focus on co-infections among patients not yet on antiretroviral therapy is warranted for
several reasons: there is a high burden of co-infections in HI\VV-endemic zones; many co-
infections non-specifically activate host immunity;6:13-17 some organisms can directly
facilitate HIV replication;18:19 and small HIV viral-load reductions could translate into
benefits in disrupting viral transmission and improving AIDS-free survival.20

Despite increasing evidence for its salience to HIV outcomes, the effect of co-infection
clearance on HIV viral load has not yet been systematically reviewed or quantitatively
summarised. We therefore did a systematic review of published studies that assess the effect
of treating co-infections that are common in low-income countries on plasma concentrations
of HIV-1 RNA, a primary surrogate for HIV transmission risk and disease progression.

Search strategy

We searched PubMed, Medline, AEGIS, Embase, and LILACS databases for studies
published between Jan 1, 1987, and April 1, 2010, and available conference proceedings
from the American Society of Tropical Medicine and Hygiene (2004-09), International
AIDS Society (1987-2009), and the Conference on Retroviruses and Opportunistic
Infections (1997-2010). In our search, we used permutations of key terms including “HIV”,
“RNA”, “viral load”, “co-infection”, and “treatment”, as well as those specific infections
endemic to low-income countries and those commonly studied in the context of HIV co-

infection: “tuberculosis”, “malaria”, “helminth”, “hepatitis”, “herpes”, “HTLV”,

“cytomegalovirus”, “leishmania”, “sexually transmitted infection”, “gonorrhea”,
“chlamydia”, “syphilis”, “pneumonia”, “influenza”, “measles”, “chagas”, “trypanosome”,
and “dengue”. Additional references were identified from bibliographies of published
manuscripts included in our review. All populations, languages, and ages of patients were

included.

Selection criteria

We followed QUOROM (Quality of Reporting of Meta-analyses), PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-analyses), and STROBE (Strengthening
the Reporting of Observational Studies in Epidemiology) guidelines of the Cochrane
Collaboration for the meta-analysis and review of randomised trials and observational
studies.21723 Our initial search included all human studies that assessed the effect of co-
infection treatment on changes in plasma HIV-RNA concentrations. Studies were eligible
for inclusion in our final analysis if they were prospective (randomised or non-randomised),
contained a comparator group, and presented plasma viral-load data for patients before and
after treatment of co-infection. We did not study co-infections that are untreatable or non-
pathogenic, such as GB virus type C. We excluded crosssectional studies, case studies, case
series, and all other studies that did not follow plasma viral load prospectively or have a
comparison group. We also excluded studies that used comparison groups that comprised
co-infected participants who did not respond to treatment. We only reviewed articles
published since 1987, when reliable and reproducible HIVV-RNA assays were first available.
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We grouped studies according to the type of co-infection assessed. We assessed the primary
outcome—viral-load change after successful treatment of co-infection—at the longest
follow-up reported in each study. We log-transformed viral-load measures at all data points,
if not already done in the studies reviewed. We used a linear model to assess the
contribution of publication bias and found no significant effect on the data for this review
(data not shown).

Data abstraction and synthesis

Results

Two reviewers (KM and SV) identified eligible studies, abstracted relevant data, and then
verified outcomes and analyses with each another. No discrepancies were identified between
the two reviewers. We abstracted the following data: authors, year of publication, co-
infection type and treatment, population type and study setting, study design, sample size,
mean CD4-cell count of the study population, and magnitude and direction of viral-load
change on co-infection acquisition or clearance. Our primary outcome of interest was the
effect of co-infection treatment on plasma HIV-RNA concentration. Secondary outcome
measures included clinical disease progression and mortality. The primary outcome was
continuous and assessed with a standardised mean difference (SMD) and corresponding
95% CI. The mean difference was standardised according to the SD of the control
population because pooled variance data were not available for most studies. Unpublished
data were requested from the investigators if required, primarily for the purpose of
calculating SMDs. Given the heterogeneity between studies in type of co-infection,
population, and design, we did not pool outcomes nor calculate summary estimates.

The search yielded 3130 articles, of which 100 were relevant for full review and 14 were
eligible for inclusion.:7:10-12,24=32 Fqyr additional studies were identified by cross-
referencing bibliographies of all potentially relevant articles or following up meeting
reports.33736 Of the 18 eligible studies, ten were observational®:10-12,24,28-30,32,34 anq ejght
were randomised controlled trials (figure 1).7:25-27,31,33,35,36 ynpuyblished data were
requested from the investigators for ten of the 18 studies.10-12,24-27,33,34,36 A|| ten
investigators responded and six provided the requested data,12:25-27:33,:34 jncluding means
and SDs for viral-load assessments. For the four studies for which variance data were not
available,10:11,24:36 we constructed 95% Cls based on the weighted mean variability of the
14 other studies.5:7:12,:25-35

We stratified eligible studies according to the primary pathogens or infectious diseases that
were treated: two studies on tuberculosis,®24 two on malaria,11:12 four on intestinal
helminths,2°:29:30:32 one on schistosomiasis,7 one on filariasis,3! six on herpes simplex
virus (HSV),10:26:27:33:35:36 one on gonorrhoea,2® and one on syphilis.3* All studies were
entirely or predominantly among antiretroviral-naive adults. Mean or median CD4-cell
counts across study populations ranged from 228x106/L to 577x106/L (table). Follow-up
time after treatment of co-infection ranged from 2 weeks to 24 months. Although viral load
was a primary or co-primary outcome in all 18 studies, most also assessed the effect of co-
infection or treatment of co-infection on other immunological, virological, and clinical
outcomes. Standardised mean plasma viral load decreased after the treatment of co-infecting
pathogens in all studies included in our analysis (figure 2). The SMD ranged from —0.04
logyg copies per mL after syphilis treatment to —3:47 logyg copies per mL in one study of
tuberculosis treatment. Of the 14 studies that had variance data available,®:7+12:25-35 a]| put
two studies?®:3° reported significant differences in HIV viral load before and after treatment.

In a US cohort of HIV-infected adults with culture-positive Mycobacterium tuberculosis,
Goletti and colleagues® noted that HIV-RNA concentrations increased by 0-7-2-2 logyg
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copies per mL during the acute phase of infection, and decreased by a similar order of
magnitude at 3 months and 10 months after therapy. Despite a small sample size (n=10), the
variability of viral-load measurements was relatively small. Similar results, but of smaller
magnitude, were found in the study by Kizza and colleagues,2* in which viral load declined
by 0-5 logyg copies per mL at 6 months after successful completion of tuberculosis therapy,
but by only 0-2 logyg copies per mL when compared with 12-month follow-up timepoints.

In a prospective study of 47 HIV-infected Malawians, Hoffman and colleagues?! found that
median HIV-RNA concentrations in the plasma of malaria-infected patients were 0-83 log;g
copies per mL higher than those of individuals without smear-positive malaria. The change
in plasma viral load also differed between the two groups: co-infected patients had a 0-25
logyg copies per mL reduction compared to a 0-04 logyg copies per mL increase among
controls. Kublin and colleagues!? noted a comparatively smaller reduction in viral load with
successful malaria elimination (—0-10 logyg copies per mL), but a nearly identical
standardised viral-load reduction (—0-30 log;q copies per mL) to that reported by Hoffman
and colleagues.11

Wolday and colleagues3? found that treatment of enteric helminth infection was associated
with a 0-36 logyg copies per mL decline in HIV plasma viral load in co-infected individuals,
and that mean baseline plasma HIV-RNA concentrations were associated with the intensity
of helminth infection. A viral-load increase of 0-14 logy copies per mL in the control group
and a narrow variance of that change showed a —2-10 log;( copies per mL SMD. Much
more modest reductions in viral load (<0-2 logyg copies per mL) with anthelmintic treatment
were seen in subsequent studies.?>:29:30 Among these four studies, more than 90% of study
participants were infected with one or more of the following helminth species: Ascaris
lumbricoides, Trichuris trichiura, Necator americanus, and Ancylostoma duodenale. Two
randomised trials that assessed the interaction between HIV and other types of helminths
(schistosomes and filaria) showed a larger effect of 0-4 logyg copies per mL and 0-8 logqg
copies per mL viral-load reduction after successful helminth clearance.”-31

Six studies reported on the effect of HSV suppression on plasma HIV-RNA concentrations.
SMDs indicated that herpes suppression significantly reduces HIV viral load by 0-46-1.18
logqg copies per mL.10:26,27,33,35,36 \/arjance data were not available from two studies to
calculate a true SMD.10:36 However, the published results showed significant declines of
0-14 logyo copies per mL and 0-25 logyg copies per mL, respectively, with HSV suppressive
therapy.

Among a group of female sex workers in Kenya, plasma HIV-RNA concentrations
decreased over the course of several months by 0-16 logyg copies per mL among those
presenting with various sexually transmitted diseases (ie, gonococcal cervicitis, acute pelvic
inflammatory disease, and genital herpes) and decreased over the same time period by 0-06
logqg copies per mL in sex workers with no apparent co-infection.28 Sadiq and colleagues3*
found that HIV-RNA concentrations in both plasma compartments initially decreased with
syphilis infection, but then increased almost to baseline after treatment.

Discussion

Our systematic review suggests that treatment of the major co-infections of the world’s
HIV-infected populations would be likely to reduce HIV viral load at an individual and
population level. Although most studies eligible for this Review showed significant
reductions in viral load, several studies failed to show a clinically significant change that
exceeds the inherent 0-2-0-3 logs copies per mL fluctuation of viral-load measures.37—39
Nevertheless, our analysis showed a viral-load decline of at least 0-3 log1g copies per mL in
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ten of the 18 studies reviewed.5:7:24,:26-28,31=33,35 |y our previous systematic review,20 we
found evidence that changes in plasma HIV-RNA concentrations of as little as 0-3-1-0 logyg
copies per mL were associated with a large theoretical effect on the risk of viral transmission
by heterosexual contact and time to an AIDS-defining event or death. Specifically, a 1.0
logy copies per mL drop in plasma viral load corresponds to a halving of transmission risk
and a 2-year delay in the development of AIDS. Treatment of co-infections prevalent among
HIV-infected patients in low-income countries might therefore result in decreases in plasma
HIV-RNA concentrations that are large enough to have a substantial public-health effect. In
HIV-endemic areas in particular, expansion of primary-care services with diagnostic and
therapeutic capabilities for common co-infections might be expected to help slow the HIV
epidemic.

M tuberculosis is the most common serious co-infecting pathogen in HIV-infected patients
living in low-income countries. Results from reviewed studies, although not entirely
consistent, suggest that M tuberculosis increases HIV replicative activity. Additional studies
have examined the effect of tuberculosis acquisition on HIV viral load. Whalen and
colleagues®® reported an increase of 0-43 log;o copies per mL in 20 co-infected Ugandan
adults 1 year after M tuberculosis diagnosis, but did not report post-treatment values. Day
and colleagues®! found that tuberculosis infection, both pulmonary and disseminated, was
associated with a 0-24 logy copies per mL increase in viral load. Other studies have
reported conflicting data on the association between tuberculosis acquisition and plasma
HIV-RNA concentrations, but none of these studies included comparison groups.#1—50

In-vivo studies of localised tuberculosis have also found that pleural HIV-RNA
concentrations are increased by 0-6-1-0 logyg copies per mL when compared with plasma
and lung segments with no evident disease.51:>2 Results from these experimental studies
agree with mathematical models that predict, under steady-state conditions for HIV
replication and T-lymphocyte and macrophage turnover, an increase in HIV concentrations
in co-infected people (three to ten times [0-5-1-0 log;q copies per mL] in one model)
compared with those with HIV infection alone.>3 The two studies from our current analysis
are compatible with results of other investigations that did not meet our inclusion criteria.
Although based on small numbers of patients, all the published studies are consistent in the
direction and magnitude of effect of tuberculosis treatment on HIV viral load.

Experimental data suggest that Plasmodium falciparum infection might cause an increase in
HIV replication through the induction of proinflammatory cytokines, and might increase
susceptibility to HIV acquisition (ie, from mother to child) by upregulation of chemokine
receptors.1®:54 Human data on the direct effect of antimalarial treatment on HIV viral load
have been more equivocal. In one study, 12 HIV-infected patients from China co-infected
with Plasmodium vivax were found to have more than 1-0 logyg copies per mL rise in viral
load, which, after giving antimalarial treatment, returned to baseline concentrations.>® Other
studies from sub-Saharan Africa, where malaria incidence and mortality are among the
highest in the world, have not shown the same effect.>® Two prevalence surveys and two
ecological studies suggested a negligible effect of malaria co-infection on plasma HIV-RNA
concentrations.>’=60 Instead of defining cases by positive parasite identification on blood
smear, the studies used surrogates of malaria infection, such as antibody response or period
of endemicity. Thus, study inferences might be compromised by potential misclassification
of cases.

Data on the interaction between plasmodial parasites and HIV in the placenta of African
pregnant women have agreed more closely with the studies eligible for this Review. Results
from primigravidae and multigravidae suggested that acute malaria significantly increases
the likelihood of mother-to-child transmission of HIV.61764 Nevertheless, the mechanism of
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increased transmission risk in this population is not well understood (ie, increased placental
HIV-RNA concentration, disruption of placental architecture, localised inflammation
resulting in the recruitment of infected T lymphocytes and macrophages). Therefore, these
pregnancy-based reports do little to resolve the discrepancies among HIVV-malaria co-
infection studies.

Functional studies of immune effectors in HIV— helminth co-infected populations have
shown a reduced capacity to mount T-cell-derived responses to various antigens.5® Results
of in-vitro experiments and animal studies suggest that the diminution in cellular immune
activity is attributable to a state of hyporesponsiveness and anergy, and to increased
apoptotic activity of lymphocyte subsets.56:67 A hallmark characteristic of helminth-induced
immune dysregulation is a shift from a T-helper type 1 to a predominantly T-helper type 2
cytokine profile.58 Specifically, investigators have found that increases in interleukins 4 and
10 are accompanied by reductions in the secretion of interferon y and interleukin 12.13:68
Concomitant with this T-helper type 1 to 2 switch in cytokine pattern expression is an
upregulation of HIV coreceptors CC chemokine receptor 5 and CXC chemokine receptor 4
on lymphocyte and monocyte subpopulations. This might suggest that chronically immune-
activated individuals who are HIV uninfected might be more susceptible to HIV infection
than are helminth-free individuals.5 Initial evidence from human populations has
subsequently verified experimental data. After helminth infections were treated, patients’
immune profiles normalised, immunological responses to antiretroviral therapy improved,
and rates of HIV disease progression slowed.88:79-72 \Wolday and colleagues32 responded
that immune activation caused by chronic helminthiasis might depend on the causal
pathogen, burden of infection, and mode of interaction with host immunity.

By contrast, Lawn and colleagues® did not find any association between treatment of
schistosomiasis and reductions in plasma HIVV-RNA concentrations in 30 co-infected
Kenyan adults. Elliott and colleagues’® also failed to find a significant association between
HIV viral load and a composite of helminth infections in a cohort of co-infected Ugandan
adults, although these results came from a cross-sectional analysis that did not use a criterion
standard of helminth detection, except for schistosomal infections, which constituted a
quarter of the helminth-infected group.

Sexually transmitted infections are thought to increase the risk of HIV acquisition, primarily
by facilitating transmission through inflammation and ulceration of the genital mucosa, but
also by increasing concentrations of HIV RNA in the plasma and genital secretions of the
infected transmitter.”4=76 A meta-analysis of nine studies estimated that, for each 0-5 logy
copies per mL increment in seminal HIV-RNA concentrations, the probability of male-to-
female heterosexual transmission doubled.”” This finding implies that reduction of systemic
HIV-RNA concentrations leads to a reduced viral burden in the seminal compartment. The
strength of the correlation between the two compartments might differ between populations
and between co-infections and HIV status (and perhaps HIV subtype). In a large study of
HIV-1-discordant couples, viral load declined after HSV-2 suppressive therapy, but
transmission did not fall as predicted.36

By contrast, treatment of other viral co-infections (eg, hepatitis C virus, cytomegalovirus,
and measles) might be less likely to result in reductions in plasma HIV viral load than
examples presented thus far. Although studies have suggested that hepatitis C virus co-
infection accelerates the natural course of HIV,78:79 the evidence is not strong enough for
an association between hepatitis C virus infection and changes in surrogate markers of HIV
disease progression.80~82 Other viruses have been shown to enhance, suppress, or have no
effect on HIV replication,19:83:84 suggesting that the mechanism by which HIV and other
viruses interact is likely to be multifactorial and species specific.
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Visceral and cutaneous leishmaniasis, recognised as an important co-infection in Latin
America, parts of southeast Asia, southern Europe, and the eastern Mediterranean, have also
been implicated as cofactors in HIV progression. Studies have shown that leishmanial
promastigotes induce HIV replication and cause a steady rise in serum HIV-RNA
concentrations of co-infected patients.85~87 One study reported reductions in plasma HIV-
RNA load after successful anti-leishmanial chemotherapy.88 Similarly, the acquisition of
and convalescence from Pneumocystis jirovecii pneumonia, a common opportunistic fungus,
has been found to correlate with a respective rise and subsequent decline in HIV-RNA
concentrations.16:89

Conclusions

Despite compelling evidence from immunological studies that co-infections activate host
immunity, which in turn enhances HIV replication, evidence that treatment of or recovery
from co-infection reduces HIV viral load has been elusive. Results from studies that have
assessed changes in HIV-RNA concentrations after successful treatment or suppression of a
co-infection varied in magnitude from an increase of 0-04 logyg copies per mL to a reduction
of 3:47 logy copies per mL. Interpretation of most studies is impaired by small sample
sizes, heterogeneous populations, and varying follow-up times. Therefore, a remaining
question of primary importance is whether co-infections cause only bursts in immune
activation and resultant plasma viraemia or whether they initiate sustained changes in the
steady-state dynamics of HIV replication and host immunity.

If co-infections cause only transient spikes in viral load, they might have a negligible effect
on prognosis and risk of transmission. Alternatively, co-infections might shift the so-called
viral setpoint upward for months such that patients progress faster and become more
infectious. Data from vaccine studies have suggested that routine immunisations might
cause transient increases of plasma HIV RNA in patients with increased lymphocyte subsets
and lymphoproliferative responses,?0=97 but do not affect the patients’ disease course.%:%9
We believe that there is an ethical obligation to treat patients in co-infection studies. Hence,
natural history data are too limited to either support or refute the hypothesis that co-
infections establish sustained increases in non-specific immune activity and consequent HIV
viral load.

The evidence is consistent that treatment or suppression of co-infection reduces HIV viral
load. Thus, we believe that there is a compelling case for improving primary care for HIV-
infected patients to help prevent, diagnose, and treat important co-infections. For example,
at the public-health level, tuberculosis programmes and mass deworming should be
integrated into HIV care and public-health efforts. In global efforts to provide antiretroviral
therapy, good primary care and systematic control of co-infections should be included as
part of a reasonable care and prevention package, providing the obvious disease-specific
benefits as well as the additional benefits of slowing HIV-related disease progression and its
transmission to others.20
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Figure 1.
Flow chart of study selection
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Figure 2. Changes in HIV-1 RNA concentration (logyg copies per mL) after treatment of co-
infection (18 studies)

*For the four studies without variance data published or provided,10:11:24:36 SMDs and 95%
Cls were calculated on the basis of the average variability found in the other studies.
SMD=standardised mean difference.
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