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Dual infection with HIV-1 and HIV-2, which is not uncommon in West Africa, has important
implications for transmission, progression, and antiretroviral therapy. Few studies have
examined HIV viral dynamics in this setting. We compared HIV-1 and HIV-2 viral loads from 65
dually infected, antiretroviral therapy-naive Senegalese subjects. Participants provided
demographic information and blood, oral fluid, and cervicovaginal lavage (CVL) or semen
samples for virologic and immunologic testing. Associations between HIV-1 and HIV-2 levels in
plasma, PBMC, oral and genital samples were assessed using linear regression models with
generalized estimating equations to account for subjects with multiple samples over time. In
analyses adjusting for CD4 count, age, sex, and commercial sex work, HIV-1 RNA levels were
significantly higher than HIV-2 levels in semen, CVL, and oral fluids. HIV-1 and HIV-2 PBMC
viral DNA loads were similar in those with CD4 counts above 500 cells/ul. However, compared
to those with high CD4 counts, subjects with CD4 counts below 500 cells/ul had higher HIV-1
and lower HIV-2 DNA levels. In plasma, subjects with CD4 counts above 500 cells/ul had mean
HIV-1 plasma RNA viral loads approximately one log, copies/ml higher than HIV-2, with HIV-1
levels significantly higher and HIV-2 levels showing a trend toward lower mean viral loads
among subjects with CD4 counts below 500 cells/ul. Our data are consistent with the hypothesis
that with decreasing CD4 counts and HIV disease progression, HIV-1 outcompetes HIV-2 in
dually-infected individuals. This finding may help explain the differences in epidemiology
between HIV-1, HIV-2, and HIV-dual infection.
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INTRODUCTION

Worldwide, only a small proportion of those living with HIV are infected with HIV-2 [1], which is
endemic in West Africa [2-4]. Although HIV-1 and HIV-2 share a common genome structure and
clinical syndrome, HIV-2 infection is characterized by significantly lower viral loads in plasma [5-
10], oral fluid [4], semen [11] and female genital tracts [12-14], despite similar proviral DNA
levels [4-7, 15]. Vertical [16-18], and heterosexual [19, 20] transmission rates are much lower,
and individuals infected with HIV-2 experience a much slower decline in CD4+ T cell counts [19,
21-23], longer asymptomatic stage, and slower progression to AIDS [21, 24-27]. Nevertheless,

without treatment, a significant proportion of those infected will progress to AIDS [28, 29].

Dual infection with both HIV-1 and HIV-2 was first confirmed in 1988 [30], but the prevalence of
this phenomenon is unclear and studies of clinical progression and viral load dynamics are
extremely limited. Dual infection is rare outside of West Africa, although it is not uncommon in
HIV-2 endemic areas, with a number of West African HIV cohorts reporting dually reactive
serologies in 1-6% of participants [8, 31-33]. However, studies of dual infection are hampered

by the difficulty in diagnosing true dual infection, as opposed to dual seropositivity [34-37].

There is no consensus regarding the clinical significance of dual infection. It has been
speculated that HIV-2 might have a protective effect against HIV-1 — a hypothesis supported by
numerous biological mechanisms and limited epidemiological data [38-42]. However,
epidemiological reports from Cote d’'lvoire, [43], The Gambia [44], and Guinea-Bissau [45, 46]
have failed to support the protective hypothesis, and it is unclear what role, if any, the order of
infection may play in this issue. The implications of such a protective effect for dual infection are
unknown. Dual infection progresses similarly to HIV-1 [31, 47, 48], with similar mortality [23, 49]
despite lower HIV-1 plasma RNA levels compared to HIV-1 singly infected subjects [8, 48].
Further, ART outcomes among HIV-2 and HIV-dually infected individuals are generally poor,
often worse than HIV-1 alone [50-53], and the number of antiretroviral drugs to which HIV-2 is
susceptible is limited [54]. The consequences of dual infection for viral dynamics are also poorly
understood. It has been suggested that the presence of HIV-1 may lead to viral synergism that
could upregulate HIV-2 [55], or that alternately, the higher replication potential of HIV-1 would
allow HIV-1 to outcompete HIV-2 in dually infected individuals. Limited previous studies have
demonstrated diverging trends in viral loads between CD4 strata [8, 31, 36, 48, 56], supporting

this idea, however no clear consensus can be reached from the existing data.



Although dually infected subjects represent a very small proportion of HIV-infected individuals
worldwide, dual infection has critical implications for transmission, disease progression, and
therapeutic options. We attempt to further elucidate viral dynamics in subjects dually infected
with HIV-1 and HIV-2 through cross-sectional analysis of plasma and proviral loads from these
subjects.



METHODS

Study population

Between 1994 and 2007, HIV serologic testing was offered to 10,000 men and women aged 16
and older presenting to the University of Dakar Infectious Disease Clinic (Fann Hospital, Dakar),
the ASBEF (Association Sénégalaise pour le Bien-Etre Familial) family planning clinic, and
public health STD clinics for commercial sex workers at M’Bour and Dakar in Senegal, West
Africa. This testing was conducted as a part of recruitment for four longitudinal studies with the
goals of studying the natural history of cervical neoplasia in HIV-1 and HIV-2, epidemiology of
HIV-1 and HIV-2 in the cervix and vagina, epidemiology of HIV-1 and HIV-2 associated oral
disease, and control of HIV-1 by HIV-2 associated immune responses. Of those screened, 7586
(75.9%) were HIV negative, 1922 (19.2%) were HIV-1 positive, and 320 (3.2%) were positive for
HIV-2, and 172 (1.7%) subjects were dually seropositive. Of the dually seropositive subjects
identified, 109 enrolled into prospective studies, returning for follow-up visits every four to six
months. All participants gave written informed consent and studies were conducted according to
procedures approved by Institutional Review Boards at the University of Washington, the

University of Dakar, and the Senegalese National AIDS Committee.

Collection of specimens and study procedures

Consenting participants underwent a general physical examination, completed a standardized
interview including demographic factors as well as medical and sexual history, and had blood
collected for HIV-1 and HIV-2 viral loads and T-lymphocyte counts at study visits. Serologic
testing was conducted by microwell plate enzyme immunoassay, with confirmatory testing using
rapid synthetic peptide-based membrane immunoassays, which can differentiate between HIV-1
and HIV-2, and follow-up HIV-1- and HIV-2- specific Western blot assays. Quantitative and
qualitative viral load assays for HIV-1 and HIV-2 plasma, peripheral blood mononuclear cells
(PBMC), cervicovaginal lavage (CVL), semen, and oral fluids were performed using polymerase
chain reaction-based assays developed at Roche Molecular Systems (Pleasanton, California,
USA) as described previously [4, 11, 14]. A person was considered dually infected if both HIV-1
and HIV-2 nucleic acid amplification testing (NAAT) were ever positive, from any anatomic site,
either at baseline or during follow-up. A person was considered dually seropositive, but not
dually infected, if serologic testing was positive for both HIV-1 and HIV-2 but one or both viruses
could never be detected by NAAT.



Statistical analysis

Categorical variables were compared using Pearson’s x? tests or Fisher's exact tests, and
continuous variables were compared by non-parametric Mann-Whitney U tests for medians or
Student’s t tests for means. Linear regression models were generated using generalized
estimating equations, assuming an independent correlation structure, to account for repeated
observations for some subjects, and were adjusted for CD4+ T cell count (categorized, <200,
200-500, and >500 cells/ul), age, sex, and history of commercial sex work. Viral load
measurements were log4, transformed to account for non-normality. In order to include samples
below the limit of detection, samples in which HIV-1 RNA was not detected were assigned a
value of 10 copies/ml, while samples in which HIV-1 RNA was detected but below the reliable
limit of detection of the quantitative assay were assigned a value of 100 copies/ml. Similarly, for
the HIV-2 assay, which had twice the sensitivity of the HIV-1 assay, such samples were
assigned values of 5 and 50 copies/ml, respectively. A value of 0.5 copies/ug of PBMC DNA
were assigned to samples in which HIV PBMC DNA could not be detected, and a value of 1
copy/ug of PBMC DNA to samples in which PBMC DNA was detected but could not be
quantified. We have previously demonstrated no qualitative difference when setting values for
quantitatively negative samples over a range of values between zero and the limit of detection
[9, 11]. For those subjects with a qualitative positive PCR result but for whom no quantitative
test was run, that individual’s mean viral load for that site from other visit dates was used where
longitudinal follow-up was available; where longitudinal follow-up was not obtained, viral loads
were censored. Viral load assays for HIV-1 and HIV-2 were sometimes not run in parallel, so for
paired analyses, we matched HIV-1 and HIV-2 viral load data within a six-month window so long
as no true matched pairs fell within the interval. Artificially matched pairs accounted for less than
10% of pairs included in these analyses. Viral loads obtained after initiation of antiretroviral
therapy were excluded from analysis. Because previous studies have demonstrated a strong
association between viral load and CD4 count, where CD4 data were missing, CD4 counts from
the closest study visits were used. The level of statistical significance used for all analyses was
P<0.05. All analyses were carried out in Intercooled Stata version 11.2 (StataCorp, College
Station, Texas, USA).



RESULTS

Characteristics of the study population

Of 172 HIV-1/2 dually seropositive subjects identified, 109 subjects enrolled in our follow-up
studies and had viral load testing conducted. Of 88 subjects for whom at least one viral load test
was completed for each virus, we could only confirm dual infection (as opposed to dual
seropositivity) by NAAT for both HIV-1 and HIV-2, in any sample collected, for 65 subjects (60%
of enrolled subjects, 74% of those with viral load results available for both viruses). Among the
remaining subjects, we could detect only HIV-1 for 16 subjects, only HIV-2 for 5 subjects, and
were unable to amplify either virus for 2 subjects. Subjects with multiple viral load tests run, from
multiple anatomic sites and/or multiple study visits, were more likely to be identified as dually
infected than those with only one set of viral load tests (results not shown). Our primary
analyses were carried out within the subset of individuals for whom we could confirm dual
infection by NAAT.

Dually infected subjects were representative of the 109 dually seropositive subjects identified,
with respect to recruitment site, sex, commercial sex work, age, country of birth, religion, marital
status, children, contraceptive use, education, tobacco and alcohol use, and CD4 count at
screening (Table 1). Subjects in whom dual infection was confirmed were predominantly born in
Senegal (88%), with the three most common ethnicities reported being Wolof (44%),

Pulaar (19%) and Serere (13%). Most were recruited from the Fann Infectious Diseases clinic in
Dakar (68%) and slightly more than half were female (57%); of the women enrolled, 57%
reported having traded sex for money or goods. The average age was approximately 37 years.
Education above primary level was relatively uncommon (17%). Cigarette and alcohol use (20%
and 13%, respectively) were generally confined to commercial sex workers. The majority of
subjects were Muslim (84%). Marital status was split approximately evenly between single,
married (monogamous), and separated or divorced, with the rest of subjects either being in
polygamous marriage or widowed. Baseline CD4 count was approximately 350 cells/ul,
although dually infected women enrolled with significantly higher CD4 counts than dually
infected men (mean 475 vs 192 cells/ul, P=0.0001 by Student’s t test). Those individuals in
whom dual infection could not be confirmed were generally similar to those in whom we could
detect both viruses. The most notable difference between the groups was an average CD4
count nearly 70 cells/ul lower than those in whom we could detect both viruses, although this

difference was not statistically significant (P=0.28 by Student’s t test).



Samples analyzed

In all, we analyzed HIV-1 and HIV-2 viral loads from 304 and 211 (respectively) plasma, 124
and 117 PBMC, 20 and 14 oral, 19 and 18 cervicovaginal lavage, and 5 and 5 semen samples
available from a total of 109 dually seropositive subjects. When restricted to dually infected
subjects, we assessed 224 and 172 plasma, 115 and 109 PBMC, 19 and 12 oral, 18 and 16

CVL, and 5 and 5 semen samples from a total of 65 subjects.

Baseline HIV-1 and HIV-2 levels differ in plasma, PBMC, oral fluid, cervicovaginal lavage, and
semen

At baseline, median plasma RNA viral loads among confirmed dually infected subjects were 4.4
and 2.3 log1o copies/ml for HIV-1 and HIV-2, respectively (P<0.0001 by Mann-Whitney U test)
(Table 2). HIV-1 RNA was not detected in 6 (10%) specimens, and HIV-2 RNA was not detected
in 23 (38%) specimens (P<0.001 by binomial detectable/undetectable Pearson’s % test).
Median PBMC DNA viral loads were 1.2 and 1.1 log1o copies/ug of PBMC DNA, respectively
(P=0.24 by Mann-Whitney U test). DNA was not detected in 6 (11%) and 7 (15%) specimens,
respectively (P=0.63 by Pearson’s x? test). Few oral fluid, cervicovaginal lavage, and semen
sample viral loads were available for analysis. However, in oral fluid, HIV-1 was not detectable
in 2 (14%) specimens, compared to 11 (100%) specimens for HIV-2 (P<0.001 by Fisher’'s exact
test). HIV-1 RNA was not detected in 8 (67%) cervicovaginal lavage samples, compared to 7
(100%) for HIV-2 (P=0.25 by Fisher’s exact test). Among semen samples, HIV-1 RNA was
detected in all five samples, while HIV-2 RNA was not detected in 3 (60%) (P=0.17 by Fisher’s

exact test).

Mean HIV-1 and HIV-2 plasma RNA levels are more divergent at lower CD4 counts

Within an individual, HIV-1 and HIV-2 viral loads in plasma were inversely associated (Figure 1;
Pearson R=-0.2274). In order to assess potential differences in HIV-1 and HIV-2 viral load
trends among dually infected subjects, we stratified HIV-1 and HIV-2 PBMC DNA and plasma
RNA levels by CD4 count (categorized as >500, 200-500, and <200 cells/ul) (Figure 2). We
found that among subjects with high CD4 counts above 500 cells/ul, there was less difference
between mean HIV-1 and HIV-2 plasma viral loads compared to subjects with medium and low
CD4 count categories (200-500 and <200 cells/ul, respectively) (Table 3). This trend remained

after controlling for age, sex, and commercial sex work.



After adjusting for covariates, among subjects with a CD4 count above 500 cells/ul, mean HIV-1
plasma viral load was 0.88 logso copies/ml (95% CI 0.37 to 1.38) higher than HIV-2, with mean
HIV-1 plasma viral load 2.90 log+o copies/ml (95% CI 1.91 to 3.88), and mean HIV-2 plasma
viral load 2.02 (95% CI 1.21 to 2.73) log1o copies/ml. Among dually infected subjects with CD4
counts between 200 and 500 cells/ul, mean HIV-1 RNA viral load was greater than 2.5 log+
copies/ml higher than among subjects with CD4 counts greater than 500 cells/ul ($=2.79, 95%
Cl 1.71 to 2.86). There was some evidence to suggest that those with CD4 counts in the lowest
category (<200 cells/ul) had even higher HIV-1 viral loads than those with CD4 counts in the
medium category ($=2.79, 95% CI 1.71 to 2.86; =2.83, 95% CI 1.80 to 2.86, respectively),
although this difference was not statistically significant. HIV-2 viral loads did not differ
significantly across CD4 categories but showed a trend towards lower RNA levels in those with

more severe immune dysfunction.

HIV-1 and HIV-2 PBMC DNA levels are only similar among subjects with high CD4 counts
Similarly to plasma RNA levels, paired HIV-1 and HIV-2 PBMC DNA levels were inversely
correlated (Figure 3; Pearson R=-0.3628). However, when all available viral load data were
considered, we found that mean HIV-1 levels were higher, and HIV-2 levels lower, among those
in lower CD4 count strata (Figure 4). In a multivariate regression analysis, after controlling for
age, sex, and commercial sex work, we found no difference between HIV-1 and HIV-2 proviral
DNA levels in PBMC ($=0.17, 95% CI -0.24 to 0.58) among subjects with high CD4 counts
(Table 3). However, among those with medium (200-500 cells/ul) and low (<200 cells/ul) CD4
counts, mean HIV-2 DNA viral load was below the assay limit of detection ($=-0.80, 95% CI -
1.40 to -0.20, and p=-0.75, 95% CI -1.30 to -0.21, respectively) while mean HIV-1 DNA levels
were higher by 1.22 (95% CI 0.25 to 2.18) and 1.26 (95% CI 0.38 to 2.15) log1o copies/ug of
PBMC DNA, respectively.

HIV-1 RNA levels are higher than HIV-2 levels in oral and genital secretions

HIV-2 RNA levels in cervicovaginal lavage samples, semen, and oral fluid were lower than
HIV-1 by 1.37 (95% CI 0.83 to 1.91), 2.05 (95% CI 0.44 to 3.66), and 1.93 (95% CI 1.56 to 2.30)
log1o copies/ml, respectively, after controlling for age, sex, history of commercial sex work, and
CD4 count (Table 3). There were insufficient data from subjects with CD4 counts greater than
500 cells/ul to investigate whether the diverging trend observed in plasma and PBMC was also

present locally in oral and genital secretions.



PBMC DNA levels are predictive of plasma RNA levels in subjects with high CD4 counts
Within individuals, PBMC DNA viral loads were predictive of plasma RNA levels, regardless of
HIV type (Figure 5; HIV-1 Pearson R=0.6965, HIV-2 Pearson R=0.6737). Based the diverging
trend of RNA and to a lesser extent, DNA viral loads, between those with CD4 count greater
than 500 cells/ul and those with substantially impaired immune function (CD4<=500 cells/ul), we
conducted our regression analyses, stratifying based on CD4 count (Table 4). After controlling
for age, sex, and commercial sex work, among those with CD4 counts above 500 cells/ul, we
found that PBMC DNA levels remained highly associated with plasma RNA levels, irrespective
of HIV type. Each logqo increase of HIV-1 PBMC DNA copies/ug was associated with a mean
1.38 (95% CI1 0.85 to 1.92) logo increase in HIV-1 plasma RNA copies/ml; likewise, each log1g
increase in HIV-2 PBMC DNA copies/ug was associated with a mean 0.98 (95% CI 0.57 to
1.40) log1o copies/ml increase in HIV-2 plasma RNA level. Curiously however, no such
association was found in those with low CD4 counts, although HIV-1 levels trended towards a
negative association  ($=-0.48, 95% CIl -1.14 t0 0.17).



DISCUSSION

We examined HIV-1 and HIV-2 levels both systemically as well as locally in oral and genital
sites in 65 confirmed dually infected, antiretroviral therapy-naive men and women from Senegal,
West Africa. We found that HIV-1 RNA levels in plasma, oral fluid, semen, and cervicovaginal
lavage were significantly higher than HIV-2 levels, and that such associations were also
correlated with CD4 count. In particular, we observed that HIV-1 plasma RNA levels were
higher, and HIV-2 levels lower, in subjects with low CD4 counts than high. Although HIV-1 and
HIV-2 PBMC DNA levels were equivalent in subjects with high CD4 counts, among those with
CD4 counts below 500 cells/ul, HIV-1 DNA was, on average, present at higher levels than
HIV-2.

Although we and others have previously demonstrated that HIV-2 levels in these sites are lower
than HIV-1 in cohorts of singly-infected subjects, to our knowledge this is the first study to
examine such correlations specifically among dually infected subjects, and is unique both in the
breadth of data available and the size of the study population. The majority of studies of HIV
viral dynamics have focused solely on HIV-1 and/or HIV-2 single infections, treating dual
seropositivity as an exclusion criterion. We are only aware of six studies [8, 31, 36, 48, 55, 56]
that have compared viral dynamics of dually infected subjects to singly infected subjects, of
which five have noted CD4-dependent differences in viral dynamics between dual and single
infection. The sixth study, by Andersson and colleagues, reported lower HIV-2 plasma RNA
levels among dually infected subjects compared to singly infected subjects, but found no
correlation between either HIV-1 and HIV-2 plasma RNA levels or plasma RNA levels and CD4
count [8]. Our study provides further evidence demonstrating that HIV-2 in the setting of HIV-1
coinfection behaves differently than infection with HIV-2 alone and that such differences are

likely CD4 count-associated.

It has long been known that that HIV-2 proviral DNA levels are inversely correlated with CD4
counts among singly infected subjects, and that proviral DNA levels of both viruses are similar
at each stage of infection [5-7, 10, 15]. However, in 1998, Dieng-Sarr and colleagues published
findings that they were less frequently able to detect HIV-2 provirus among hospitalized dually
seropositive subjects compared to asymptomatic dually seropositive subjects, despite
equivalent detection of HIV-1 provirus [36]. This suggested for the first time that HIV-2 viral

loads might be associated with CD4 count. In a follow-up study comparing HIV-1/2 dually
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infected subjects to HIV-2 singly infected subjects in Senegal, Dieng-Sarr et al. confirmed this
CD4-dependent relationship on HIV-2 proviral DNA levels. Among those with high CD4 counts
(above 400 cells/ul), they reported lower HIV-2 DNA levels among dually seropositive subjects
than among those infected with HIV-2 alone. At low CD4 counts, single infection was associated
with high HIV-2 DNA levels compared to typically undetectable levels in dual infection [36, 55].
These studies made no attempt to compare quantitative HIV-1 DNA levels to HIV-2 levels
among the first group of dually seropositive subjects, nor did they compare HIV-1 levels in
dually versus singly infected subjects. We confirm their finding of lower HIV-2 DNA levels
among dually infected subjects with low CD4 counts compared to those with high CD4 counts.
To our knowledge, however, ours is the first study to suggest that HIV-1 and HIV-2 DNA levels

are similar among those with high CD4 counts but are quite divergent at lower CD4 counts.

Our study demonstrates higher mean HIV-1 plasma RNA levels, and a corresponding trend
toward lower mean HIV-2 levels, associated with lower CD4 count. These findings provide the
first direct support for the hypothesis that HIV-1 outcompetes HIV-2 over the course of dual
infection. As observed in proviral DNA levels, several studies in HIV-2 mono-infection have
demonstrated that plasma viral load and CD4 count are inversely related [5-10]. We have
previously demonstrated that equal plasma viral loads predict a similar rate of CD4 count
decline in HIV-1 and HIV-2 single infections, but HIV-2 plasma levels are typically much lower
than HIV-1 [9]. Again, however, studies comparing single infection to dual infection provide
evidence for differing viral dynamics in dually infected subjects. In 2000, Nkengasong et al.
reported that HIV-1 and HIV-2 plasma viral loads were inversely correlated in dually infected sex
workers from Cote d’lvoire [31]. In a follow-up study, they found that after adjusting for CD4
count, sex, and age, HIV-2 plasma viral loads were higher among dually infected subjects with
high CD4 counts than HIV-2 singly infected subjects, but among subjects with CD4 counts
below 200 cells/ul, dually infected subjects had lower HIV-2 viral loads than singly infected
subjects [56]. In a cohort of commercial sex workers from The Gambia, Alabi et al. described
similar HIV-1 levels in HIV-1 singly infected subjects compared to those dually infected over all
CD4 strata, but reported that among dually infected subjects with CD4 percentage below 14%,
HIV-2 RNA viral loads were lower than in singly infected subjects in the same strata [48]. In
those with the highest CD4 percentage, (over 28%), HIV-2 plasma viral loads were higher
among dually infected subjects than HIV-2 singly infected. None of these three studies directly

compared HIV-1 to HIV-2 plasma RNA levels among dually infected subjects; however, these
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important studies provided some of the first evidence suggesting that viral dynamics in dual

infection might be CD4 count-dependent.

Although we were unable to show a statistically significant lower HIV-2 viral load among those
with lower CD4 count, our data trended in that direction. Because HIV-2 plasma RNA viral loads
are frequently below the limit of detection irrespective of CD4 count, our viral load distribution is
strongly left-truncated. Considering the high frequency of undetectable viral loads particularly
among those with low CD4 counts, it is possible that this trend toward lower viral loads among
more immunocompromised subjects is stronger than we can detect. If an ultra-sensitive assay,
such as that used to quantify persistent HIV-1 replication in patients on suppressive therapy,
existed for HIV-2, we might be able to provide stronger evidence supporting this CD4 count-
dependent decrease in HIV-2 levels. It is noteworthy that the mean CD4 counts in those 44
subjects in whom we could not detect both viruses tended to be lower than the mean among
those in whom we did detect HIV-1 and HIV-2. Since we were unable to detect HIV-2 in 18 of
the 23 (78%) dually-seropositive subjects with viral load testing against both viruses completed,
these findings may be related — that is, HIV-2 levels may have been below the limit of detection

due to very low CD4 counts.

Neither this study nor any previous study of viral loads in HIV dual infection have attempted to
carry out a longitudinal analysis to investigate whether this association between HIV levels and
CD4 count is present over time. Although we have longitudinal follow-up on some of our
subjects out to approximately nine years, these individuals are rare — for the majority, we have
only one to two years of follow-up data, which are insufficient to allow for determination of
temporal trends. Further, based on what we know of the natural histories of HIV-1 and HIV-2,
regular follow-up off ART for seven to ten years would likely be needed to observe disease
progression sufficient to allow for these comparisons. Since antiretroviral therapy has been
widely available to infected individuals meeting criteria since the early 2000s, this type of

prospective study is no longer feasible or ethical.

Our examination of local viral dynamics in oral and genital secretions was limited by small
numbers of viral loads available, the majority of which were from subjects with CD4 counts
below 500 cells/ul. Although we lack the power to investigate this role, we propose that this may
be a critical area for understanding horizontal transmission in HIV-1/2 dually infected subjects.

We have previously demonstrated in singly-infected subjects that HIV-2 levels in semen are
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significantly lower than HIV-1 levels, and that semen shedding is correlated with plasma viral
load, but not CD4 count, irrespective of virus type [11]. Similarly, we and others have
demonstrated that HIV-2 RNA and/or DNA is less frequently present at detectable levels in
cervicovaginal lavage samples than HIV-1, and that CVL shedding is associated with plasma
viral load but not CD4 count [12, 14]. We have also demonstrated this link between plasma viral
load and local shedding of HIV-2 in the oral cavity [4]. However, it remains unclear whether this
relationship translates to dual infection, and whether CD4 count plays an independent role in

oral and/or genital HIV-1 and HIV-2 levels.

HIV-1 and HIV-2 are distinct, yet similar viruses, and studies of dual infection including this
work, are plagued by the difficulty of accurate diagnosis. We enrolled 109 dually seropositive
individuals in our study, but only reported results on those we were confident were truly dually
infected based on nucleic acid amplification for both viruses. However, lingering questions
remain. Of our 109 dually seropositive subjects enrolled, 21 subjects were excluded due to the
lack of viral load testing for either HIV-1 or HIV-2. Of the 88 subjects for whom at least one viral
load assay was conducted for each virus, we could detect both viruses in only 65. Five of the
remaining 23 subjects had undetectable HIV-1, 16 had undetectable HIV-2, and we could not
detect either virus from the final two subjects. Two key issues complicate the detection of HIV
dual infection: lack of serologic assay specificity, and host virus control. Host virus control
results in viral loads below the limit of our nucleic acid tests, resulting in false negative tests.
Lack of assay specificity, or cross-reactivity in the serologic tests, may have resulted in false
positive tests. In serological tests, HIV-1 and HIV-2 are known to be cross-reactive [57]. With
serology and virus culture results being concordant approximately 90% of the time [58],
presence of HIV-1 and HIV-2 specific antibodies is probably more sensitive (but less specific)
for detecting dual infection than PCR positivity at a single time point [59]. By contrast, previous
studies indicate concordance between serology and nucleic acid detection ranges from 30-70%
[3131, 34-37, 60, 61]. Further, the HIV-1 nucleic acid test is slightly cross-reactive with HIV-2,
and particularly for subjects with high HIV-2 viral loads, may falsely detect HIV-1. These findings
point to the need for more sensitive and specific algorithms for identifying dual infection. The
challenge of accurately diagnosing HIV-dually infected subjects means that we may be including
subjects who are not truly dually infected, or excluding some who are, but for whom our
diagnostics are not sufficient for accurate virus detection. It is worth noting however, that we

obtained similar results and reach similar conclusions when we carried out our analyses using
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the full set of 109 dually seropositive subjects, setting viral loads for a given virus type in those

with unconfirmed infection to the lower limit of detection.

It is critical to note that our conclusions are based on average viral load trends and are likely not
applicable to all dually infected subjects. However, our results provide evidence to support the
theory that, on average, HIV-1 outcompetes HIV-2 at lower CD4 counts. This may help to
explain previous findings that dually infected individuals experience disease progression at a
similar rate as those singly infected with HIV-1. Despite early hopes that HIV-2 infection might
be protective against HIV-1 infection or progression, within the context of viral loads in dually
infected subjects, we were unable to find evidence for such an effect. However, we have no way
to determine the order of infection of the subjects in our cohort — some were likely infected with
HIV-1 first, others with HIV-2 first, and some with HIV-1 and HIV-2 concurrently. Thus, the
influence of HIV-1 levels on HIV-2 (or vice versa) may depend on the order of infection, the
state of the host immune system at the time of second infection, or perhaps other unidentified
factors. It is unlikely that this question will ever be adequately answered in the era of highly
active antiretroviral therapy; regardless, clinical and therapeutic outcomes of HIV dual infection

remain largely unknown and warrant further study.
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Table 1: Characteristics of HIV-1/2 dually seropositive subjects.

All dually seropositive NAAT confirmed Not NAAT confirmed
subjects enrolled dually infected subjects dually infected subjects
Characteristic (n=109) (n=65) (n=44)
Recruitment Site
Mbour STD Clinic 7 (6) 5(8) 2(5)
ASBEF Family Planning Clinic 1(1) 1(2) 0(0)
IHS STD Clinic 25(23) 15(23) 10(23)
Fann Infectious Disease Clinic 76(70) 44 (68) 32(73)
Sex, female 62 (57) 37 (57) 25(57)
Commercial sex worker ® 34 (31) 21(32) 13(30)
Age, years ”
20-29 23 (21) 14 (22) 8(19)
30-39 37 (34) 25(38) 11 (26)
40-49 38(35) 22 (34) 16 (38)
=50 11(10) 4 (6) 7(17)
Mean + SD 37.7+8.9 36.6 £ 8.2 39.3+9.6
Born in Senegal 96 (91) 56 (88) 40 (95)
Ethnicity °
Wolof 50 (47) 28 (44) 22 (51)
Pulaar 21(20) 12(19) 9(21)
Serere 12(11) 8(13) 4(9)
Sarakhole 2(2) 2(3) 0(0)
Mandjack 1(1) 0(0) 1(2)
Diola 5(5) 2(3) 3(7)
Other 16 (15) 12(19) 4(9)
Religion ¢
Muslim 86 (88) 46 (84) 40 (93)
Christian 11(11) 8(15) 3(7)
Other 1(1) 1(2) 0(0)
Education °
None 56 (52) 32 (50) 24 (56)
Primary 37(35) 21(33) 16 (37)
Secondary 12(11) 9(14) 3(7)
University 2(2) 2(3) 0(0)
Marital Status °©
Single 26 (25) 16 (25) 10 (23)
Monogamous 27 (25) 15 (24) 12 (28)
Polygamous 13(12) 8(13) 5(12)
Separated/Divorced 29 (27) 17 (27) 12 (28)
Widowed 11(10) 7(11) 4(9)
Smoker 26 (24) 13 (20) 13 (30)
Alcohol User 14 (13) 8(13) 6(14)
CD4 count (cells/ul) at screening ©
<200 42 (43) 22(36) 20 (56)
200-350 18(19) 13(21) 5(14)
350-500 12(12) 10(16) 2(6)
=500 25 (26) 16 (26) 9(25)
Mean + SD 330 + 290 355 + 288 288 + 293
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Data are number (%) except where otherwise indicated.

NAAT, nucleic acid amplification testing.

@ Enrollees in one study were not asked about history of commercial sex work. For these subjects, clinic type (STD vs
other) was used as a proxy for history of commercial sex work.

b Age of one dually seropositive subject was unknown.

© Ethnicity, education, and marital status were unknown for <10% of subjects.

d Religion was unknown for 10-15% of subjects.

€ CD4 counts were missing for 11% of enrolled subjects, 8% of confirmed dually infected subjects, and 18% of dually
seropositive subjects without confirmation of dual infection.
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Table 2: Cross-sectional detection and quantification of HIV-1 and HIV-2 RNA and DNA
among HIV-1/2 dually infected subjects (n=65).

HIV RNA and DNA HIV-1 HIV-2 p®
Plasma (RNA copies/ml) n=60 n=60

RNA not detected 6 (10) 23 (38) <0.001

<1000 5(8) 19 (32)

1000-9999 7(12) 14 (23)

10000-99999 25 (42) 4(7)

100000+ 17 (28) 0(0)

Median (IQR) (log1o copies/ml) ® 4.4 (3.7-5.1) 2.3(0.7-3.0) <0.0001
PBMC (DNA copies/ug) n=53 n=48

DNA not detected 6 (11) 7 (15) 0.63

<10 17 (32) 16 (33)

10-99 23 (43) 19 (40)

100-999 7(13) 6 (13)

1000+ 0 (0) 0(0)

Median (IQR) (log1o copies/ug) 1.2 (0.6-1.8) 1.1 (0.0-1.5) 0.21
Oral Fluid (RNA copies/ml) n=14 n=11

RNA not detected 2 (14) 11 (100) <0.001

<1000 9 (64) 0(0)

1000-9999 3(21) 0(0)

10000-99999 0(0) 0(0)

100000+ 0 (0) 0(0)

Median (IQR) (log1o copies/ml) ® 2.5(2.0-3.0) 0.7 (0.7-0.70) <0.0001
CVL (RNA copies/ml) n=12 n=7

RNA not detected 8 (67) 7 (100) 0.25

<1000 0(0) 0(0)

1000-9999 4 (33) 0(0)

10000-99999 0(0) 0(0)

100000+ 0 (0) 0(0)

Median (IQR) (log1o copies/ml) @ 1.0 (1.0-3.2) 0.7 (0.7-0.7) 0.0002
Semen (RNA copies/ml) n=5 n=5

RNA not detected 0(0) 3 (60) 0.17

<1000 2 (40) 0(0)

1000-9999 0(0) 2 (40)

10000-99999 2 (40) 0(0)

100000+ 1(20) 0(0)

Median (IQR) (log1o copies/ml) ® 4.1 (2.6-4.6) 0.7 (0.7-3.5) 0.07

PBMC, peripheral blood mononuclear cells; CVL, cervicovaginal lavage.

@ Medians and interquartile ranges including values assigned to samples below the limit of detection (see Statistical
Methods).

® P calculated by chi square test or Fisher's exact test to compare detectable vs undetectable, and by Mann-Whitney
U test to compare medians.
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Figure 1: Correlation of HIV-1 and HIV-2 plasma RNA levels in HIV-1/2 dually infected subjects.
Data points represent HIV-1/ HIV-2 pairs in dual HIV-1/2 infection. Filled markers indicate that
both viral loads are from the same study visit, open markers indicate that one level is from a
subsequent visit within six months. The linear regression line is also shown.
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Figure 2: Comparison of HIV-1 and HIV-2 plasma RNA levels, stratified by HIV type and CD4
count, in HIV-1/2 dually infected subjects.
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Figure 3: Correlation of HIV-1 and HIV-2 PBMC DNA levels in HIV-1/2 dually infected subjects.
Data points represent HIV-1/ HIV-2 pairs in dual HIV-1/2 infection. Filled markers indicate that
both viral loads are from the same study visit, open markers indicate that one level is from a
subsequent visit within six months. The linear regression line is also shown.
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Figure 4: Comparison of HIV-1 and HIV-2 plasma PBMC DNA levels, stratified by HIV type and
CD4 count, in HIV-1/2 dually infected subjects.
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Table 3: Immuno-virologic and demographic correlates of HIV-1 and HIV-2 viral loads
among HIV-1/2 dually infected subjects (n=65).

Univariate Adjusted
Variable of B (95% CI) of B (95% CI)
HIV type x CD4 count
HIV-1, above 500 3.78 (3.00 to 4.56) 2.90 (1.91 to 3.88)
HIV-1, 200-500 2.84 (1.74 to 3.94) 2,79 (1.71 to 3.86)
HIV-1, below 200 297 (1.92 to 4.02) 2.83 (1.80 to 3.86)
HIV-2, above 500 -0.84 (-1.37 to -0.32) -0.88 (-1.38 to -0.37)
< HIV-2, 200-500 -1.49 (-2.21 to -0.77) -1.47 (-2.18 to -0.77)
E HIV-2, below 200 -1.54 (-2.24 to -0.85) -1.51 (-2.18 to -0.83)
< Age
£ 16 years 2.27 (1.77 to 2.77) (ref)
o Changelyear 0.04 (0.02 to 0.06) 0.04 (0.02 to 0.07)
& Sex
Male 3.30 (3.01 to 3.58) (ref)
Female -0.36 (-0.71 to 0.00) 0.17 (-0.24 to 0.58)
Commercial sex work
No 2.31 (3.00 to 3.42) (ref)
Yes -0.40 (-0.76 to -0.04) -0.09 (-0.46 to 0.28)
HIV type x CD4 count
HIV-1, above 500 0.58 (-0.06 to 1.22) 0.59 (-0.20 to 1.38)
HIV-1, 200-500 1.23 (0.29 to 2.18) 1.22 (0.25to 2.18)
HIV-1, below 200 1.33 (0.49 to 2.17) 1.26 (0.38 to 2.15)
HIV-2, above 500 0.17 (-0.23 to 0.58) 0.17 (-0.24 to 0.58)
< HIV-2, 200-500 -0.80 (-1.39 to -0.20) -0.80 (-1.40 to -0.20)
% HIV-2, below 200 -0.77 (-1.31 to -0.23) -0.75 (-1.30 to -0.21)
Age
% 16 years 0.76 (0.41 to 1.10) (ref)
@ Changelyear 0.01 (-0.01 to 0.02) 0.00 (-0.01to0 0.02)
Sex
Male 1.05 (0.85 to 1.25) (ref)
Female -0.19 (-0.43 to 0.06) -0.08 (-0.40 to 0.25)
Commercial sex work
No 0.97 (0.82 to 1.13) (ref)
Yes -0.12 (-0.36t0 0.12) 0.02 (-0.30to 0.34)
HIV type
HIV-1 4.48 (3.82 to 5.14) 3.13 (1.89 to 4.37)
HIV-2 -1.89 (-2.34 to -1.44) -1.93 (-2.30 to -1.56)
CD4 cell count (cells/ul)
< 100 1.77 (1.30 to 2.24) (ref)
E Change/100 cells 0.10 (-0.12 to 0.32) -0.09 (-0.19 to 0.00)
Age
E 16 years 0.77 (-0.32 to 1.86) (ref)
"'(_'“ Changelyear 0.05 (0.00 to 0.10) 0.04 (0.02 to 0.07)
5 Sex
© Male 1.98 (1.57 to 2.39) (ref)
Female -0.77 (-1.79 to 0.26) -0.05 (-0.58 to 0.49)
Commercial sex work
No 1.90 (1.51 to 2.29) (ref)
Yes -1.20 (-3.34 to 0.94) 0.09 (-0.94 to 1.12)
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Table 3 continued:

Univariate Adjusted
Variable A B (95% CI) of B (95% CI)
HIV type
HIV-1 3.25 (2.38 to 4.12) 5.02 (3.42 to 6.61)
HIV-2 -1.23 (-1.79 to -0.67) -1.37 (-1.91 to -0.83)
CD4 cell count (cells/ul)
<Z( 100 1.52 (1.11 to 1.92) (ref)
o Change/100 cells -0.03 (-0.16 t0 0.10) -0.10 (-0.20 to 0.00)
5‘ Age
O 16 years 2.60 (0.96 to 4.24) (ref)
Changelyear -0.07 (-0.17 to 0.03) -0.08 (-0.16 to 0.00)
Commercial sex work
No 1.62 (1.17 to 2.08) (ref)
Yes -0.40 (-1.09 to 0.28) -0.20 (-0.74 t0 0.33)
HIV type
HIV-1 5.96 (3.34 to 8.58) 5.43 (1.35 to 9.50)
<Zf HIV-2 -2.05 (-3.70 to -0.39) -2.05 (-3.66 to -0.44)
“ CD4 cell count (cells/ul)
S 100 3.05 (1.84 to 4.25) (ref)
g Change/100 cells -0.10 (-0.50 to 0.30) -0.15 (-0.54 to 0.23)
o Age
16 years 2.94 (-0.86 t0 6.73) (ref)
Changelyear 0.00 (-0.14 to0 0.14) 0.03 (-0.10to 0.16)

PBMC, peripheral blood mononuclear cells; CVL, cervicovaginal lavage; Cl, confidence interval.

Values are expressed in log1o copies/ml (RNA) or log1o copies/ug of PBMC DNA (DNA).

Values in bold are statistically significant.

@ From multivariate linear regression using generalized estimating equations, adjusting for all factors in the table.
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Figure 5: Correlation of HIV-1 and HIV-2 Plasma RNA with PBMC DNA levels in HIV-1/2 dually
infected subjects. Data points represent HIV-1 (blue diamonds) or HIV-2 (maroon circles)
plasma RNA/PBMC DNA pairs in dual HIV-1/2 infection. Filled markers indicate that plasma
RNA and PBMC DNA levels are from the same visit, open markers indicate that one level is
from a subsequent visit within six months. Linear regression lines for the relationship between
DNA and RNA are also shown, solid lines for subjects with CD4 counts greater than or equal to
500 cells/ul or dashed lines for CD4 counts less than 500 cells/ul.
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Table 4: Association between PBMC DNA and plasma RNA viral loads in HIV-1 and HIV-2
among HIV-1/2 dually infected subjects (n=65).

Univariate Adjusted ®
Variable o B 95% CI o B 95% CI
CD4 count (cells/ul) x PBMC DNA viral load (log10 copies/ug)
Above 500, zero log10 2.22 (1.70 to 2.75) 1.89 (0.81 to 2.96)
Above 500, per log10 1.35 (0.81 to 1.90) 1.38 (0.85t0 1.92)
500 and below, zero log10 1.05 (0.32t0 1.77) 0.81 (0.02 to 1.61)
500 and below, per log10 -0.44 (01.09 to 0.21) -0.48 (-1.14t0 0.17)
Sex
L Male (ref)
T Female 0.34 (-0.34 to 1.04)
Age
16 years (ref)
Change per year 0.03 (-0.01 to 0.06)
Commercial Sex Work
No (ref)
Yes -0.58 (-1.27 to 0.10)
CD4 count (cells/ul) x PBMC DNA viral load (log10 copies/ug)
Above 500, zero log10 0.99 (0.45 to 1.54) 1.27 (0.37 to 2.16)
Above 500, per log10 0.87 (0.47 to 1.28) 0.98 (0.57 to 1.40)
500 and below, zero log10 0.11 (-0.51 10 0.74) -0.04 (-0.67 to 0.59)
500 and below, per log10 0.14 (-0.36 to 0.64) -0.02 (-0.47 to 0.52)
Sex
3 Male (ref)
T Female 0.17 (-0.40t0 0.74)
Age
16 years (ref)
Change per year 0.00 (-0.03 to0 0.03)
Commercial Sex Work
No (ref)
Yes -0.74 (-1.25to -0.24)

PBMC, peripheral blood mononuclear cells; Cl, confidence interval.

Values are expressed in log1o copies/ml (RNA) or log1o copies/ug of PBMC DNA (DNA).

Values in bold text are statistically significant.

@ From multivariate linear regression using generalized estimating equations, adjusting for all factors in the table.
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