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Abstract

Background: The risk of HIV-1 related mortality is strongly related to CD4 count. Guidance on optimal timing for
initiation of antiretroviral therapy (ART) is still evolving, but the contribution of HIV-1 infection to excess mortality at
CD4 cell counts above thresholds for HIV-1 treatment has not been fully described, especially in resource-poor
settings. To compare mortality among HIV-1 infected and uninfected members of HIV-1 serodiscordant couples
followed for up to 24 months, we conducted a secondary data analysis examining mortality among HIV-1
serodiscordant couples participating in a multicenter, randomized controlled trial at 14 sites in seven sub-Saharan
African countries.

Methods: Predictors of death were examined using Cox regression and excess mortality by CD4 count and plasma
HIV-1 RNA was computed using Poisson regression for correlated data.

Results: Among 3295 HIV serodiscordant couples, we observed 109 deaths from any cause (74 deaths among
HIV-1 infected and 25 among HIV-1 uninfected persons). Among HIV-1 infected persons, the risk of death increased
with lower CD4 count and higher plasma viral levels. HIV-1 infected persons had excess mortality due to medical
causes of 15.2 deaths/1000 person years at CD4 counts of 250 – 349 cells/μl and 8.9 deaths at CD4 counts of
350 – 499 cells/μl. Above a CD4 count of 500 cells/μl, mortality was comparable among HIV-1 infected and
uninfected persons.

Conclusions: Among African serodiscordant couples, there is a high rate of mortality attributable to HIV-1 infection
at CD4 counts above the current threshold (200 – 350 cells/μl) for ART initiation in many African countries. These
data indicate that earlier initiation of treatment is likely to provide clinical benefit if further expansion of ART access
can be achieved.

Trial Registration: Clinicaltrials.gov (NCT00194519)
Background
HIV-1-related mortality increases as the CD4 count in
peripheral blood decreases [1]. Initiation of antiretroviral
therapy (ART) at a CD4 count above 200 cells/μl
reduces mortality of HIV-1 infected persons compared
to therapy that is delayed until CD4 count declines
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reproduction in any medium, provided the or
below 200 cells/μl [2], and adopting an even higher CD4
threshold for initiating ART may further reduce mortal-
ity [3-5]. Recently, evidence from a clinical trial demon-
strated that initiation of ART at a CD4 count between
350 and 550 cells/μl results in clinical benefits and
reduces transmission to HIV-uninfected partners [6].
World Health Organization (WHO) guidelines recom-
mend that therapy be initiated when an HIV-1 infected
person’s CD4 count falls to 350 cells/μl [7]. Currently,
the CD4 threshold is 200 –250 cells/μl in most African
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countries, and 350 cells/μl in others, where the WHO
guidelines have been adopted.
However, controversy remains regarding the ideal CD4

threshold at which ART should be initiated [3-5,8], and
data to inform guidelines are still limited, especially from
resource-poor settings. A large proportion of excess
adult mortality in sub-Saharan Africa is HIV-1-related
[9]. Excess HIV-1-related mortality has been shown to
be related to several clinical factors, such as use of ART,
CD4 count, clinical stage of disease, as well as demo-
graphic factors, including migration, level of educational
attainment, age, and economic status [9-15]. Differential
HIV-related mortality, based on access to care and
socioeconomic status, has been observed in developed
countries [16]. The impact of these factors may be
accentuated in developing countries, where access to
health care is more limited in general.
We compared mortality among HIV-1 infected and

uninfected partners in African HIV-1 serodiscordant
couples participating in the Partners in Prevention HSV/
HIV Transmission Study, a clinical trial of acyclovir for
HSV-2 suppression among HSV-2/HIV-1 dually-infected
persons for prevention of HIV-1 transmission to their
HIV-1 uninfected partners. As reported previously,
acyclovir suppression did not reduce HIV-1 transmission
to uninfected partners in spite of a 0.25 log10 reduction
in plasma HIV-1 levels [17], but modestly delayed pro-
gression in HIV-1 infected persons [18]. Because most
participating couples were cohabiting, the HIV-1 unin-
fected partners comprised an excellent control group for
determining mortality attributable to HIV-1 infection,
while accounting for shared exposures such as a com-
mon environment, socioeconomic status, diet, exposure
to infectious diseases, and access to care.

Methods
Study population and procedures
Between November 2004 and April 2007, 3408 HIV-1
serodiscordant couples in 7 African countries (Botswana,
Kenya, Rwanda, South Africa, Tanzania, Uganda, and
Zambia) were enrolled into a randomized, double-blind,
placebo-controlled trial of twice daily 400 mg acyclovir
in HIV-1/HSV-2 dually infected partners to prevent
HIV-1 transmission to the uninfected partner. HIV-1-
infected partners were required to be 18 years of age or
older, seropositive for HIV-1 and HSV-2, and have a CD4
count ≥250 cells/μl. Persons who had a prior AIDS-
defining diagnosis, reported taking ART, had prior ad-
verse reactions to acyclovir or planned use of anti-HSV
antivirals, or were pregnant were excluded. For HIV-1
infected participants, CD4 counts were measured at en-
rolment and 6 month intervals and plasma viral load at
enrolment, 3, 6, 12 months, and study exit. Those meet-
ing national criteria for ART initiation during follow-up
were offered ART through referral to local clinics or at
the study site. HIV-1-infected participants were followed
monthly for up to 24 months after enrolment, and
HIV-1-uninfected partners were seen quarterly. Study
procedures have been detailed elsewhere [17-20].

Medical monitoring and assignment of causes of death
For participants who died during follow-up, information
on the putative cause of death was obtained from the
surviving partner, family members, and/or medical
records, if available. The cause of death was classified as
a medical death or traumatic death, such as traffic colli-
sions or assault. The study medical monitor (AW)
assigned the medical cause of death to one of the follow-
ing broad categories based on information provided by
the local site: pneumonia or other respiratory illness;
malaria; tuberculosis; gastrointestinal infections and
other disorders; other infections; or other medical causes.

Laboratory analyses
HIV-1 serostatus was determined by dual rapid tests with
confirmatory EIA and HSV-2 serostatus by HerpeSelect-
2 EIA (Focus Technologies, Cypress, CA). HIV-1 and
HSV-2 serostatus were confirmed in batch by the Univer-
sity of Washington Western blot and only those who
were confirmed were included in the analysis [19]. CD4
testing was performed at study sites using standard flow
cytometry (BD Biosciences, San Jose, CA), under an ex-
ternal quality assurance program. Plasma HIV-1 RNA
was quantified in acid citrate dextrose (ACD) using the
96-test COBAS AmpliPrep/COBAS TaqMan HIV-1 RNA
assay, version 1.0 (Roche Diagnostics, Indianapolis, IN)
at the University of Washington, with a limit of quantifi-
cation of 240 copies/mL.

Ethical review
The University of Washington Human Subjects Review
Committee and ethical review committees at each local
and collaborating institution approved the study proto-
col. All participants provided written informed consent.

Statistical analyses
Data were analyzed using SAS (version 9.2, SAS, Cary,
NC). Incidence rates were computed by summing the
time at risk within each range of predictors. Participants
contributed follow-up time to more than one category of
CD4 count, plasma HIV-1 RNA and WHO HIV stage, as
their condition changed over time. Participants who
were HIV-1 infected at enrolment were analyzed separ-
ately from their partners to examine potential time-
varying predictors of death. Follow-up time for HIV-1
seronegative partners was censored at HIV-1 serocon-
version. We compared the proportion dying while on
study within couples using McNemar’s test. Paired Cox
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regression was used to examine baseline predictors of
death within couples. Ties were handled using the Efron
method and each analysis was stratified by site. Final,
multivariate models were determined using backward se-
lection from all predictors significant in univariate ana-
lysis at the p < 0.1 level. Because of strong associations
with CD4 and HIV viral load, WHO HIV stage was
excluded from multivariate analysis. Treatment arm
(acyclovir versus placebo) and gender were retained to
determine associations after adjustment for other predic-
tors included in the final model. Of note, ART use did
not include antiretrovirals used for prevention of
mother-to-child transmission of HIV-1.
To evaluation simultaneously the influence of HIV-1

status and, among those HIV-1-seropositive, time-
varying measures of immune suppression, generalized
estimating equations (GEE) were performed with a Pois-
son link, an exchangeable correlation structure, and log
(time) as an offset [21]. This method took advantage of
the paired nature of study participants and allowed ap-
propriate handling of the association between couples,
while also permitting generalization of subsequent infer-
ence to between-person differences in HIV-1 status. The
Poisson link in these GEE models provided risk ratios
for the incidence of death, and permitted computation
of excess mortality attributable to HIV-1 via transform-
ation of regression coefficients. The delta-method was
used to compute the variability of excess mortality (see
Additional file 1: Methods) [22]. Our primary analyses
examined the risk for death from a medical cause; to as-
sess the robustness of our findings, sensitivity analyses
were performed.
Results
We included in the analysis the 3295 couples whose HIV-
1 and HSV-2 status were confirmed and for whom both
partners had at least one follow-up visit (Table 1). Median
follow-up time was 20 months among HIV-1-infected
partners, 18 months among HIV-1-uninfected partners
and 20 months overall (interquartile range (IQR), 15 –
24). Retention among HIV-1-infected partners was 97% at
12 months (2999 expected visits) and 92% at 24 months
(of 1348 visits). Retention among HIV-uninfected partners
was 94% at 12 months (of 3107 expected visits) and 85%
at 24 months (of 1449 expected visits).
Among these couples, 74 HIV-1 infected participants

and 25 HIV-1 uninfected participants died of any cause
over the course of follow-up. In one couple, both the
HIV-1 infected and HIV-1 uninfected partners died
(from two differing medical causes). Trauma was the
cause of death in three HIV-1 infected participants and
in seven HIV-1 uninfected participants. Thus, 71 deaths
among the HIV-1 infected participants and 18 among
the HIV-1 uninfected participants were caused by a
medical illness (Figure 1).

Mortality among HIV-1 infected participants
First we performed Cox regression to examine the risk
factors for death among HIV-1 seropositive participants.
In univariate Cox regression, lower CD4 count, higher
plasma HIV-1 RNA, and more advanced WHO stage of
HIV-1 disease were significant predictors of medical
deaths (Table 2). In a multivariate Cox model, CD4
count, plasma viral load (PVL), and ART use remained
significant as predictors of death cause by medical illness.
Two hundred and ninety persons initiated ART. ART

use accounted for 3.8% of follow-up time of HIV-1 sero-
positive partners (197 of 5170 person-years). Median CD4
count when last measured in clinic prior to ART initi-
ation was 221 (range 11 – 1618). Median time between
most recent CD4 count measurement at clinic and first
report of ART initiation was 4 months (range 0 – 10).
Eleven persons died following ART initiation: six died
within three months of ART initiation and an additional
four persons died between four and six months after initi-
ation. The crude incidence rate of death prior to ART use
was 63 per 4972 person year,s or 13 per 1000, while the
incidence following ART initiation was 11 in 197 person
years, or 56 per 1000. These rates can be further broken
down into 6 in 69 person years (87 per 1000) within six
months of ART initiation and 5 in 128 person-years (39
per 1000) at least six months after initiation.

Comparison of mortality within couples
The number of deaths from medical causes was higher
among HIV-1 infected participants than HIV-1 uninfected
participants (71 vs. 18 deaths, p <0.001, respectively). In
sensitivity analyses, these differences remained significant
when we restricted the analysis to married couples who
reported living together (55 vs. 14, p < 0.001), or to deaths
that occurred within the first year of follow up (38 vs. 14,
p = 0.001), or all-cause mortality, including trauma (74 vs.
25, p < 0.001).
Using paired Cox regression (Table 3), we found that

the rate of death caused by a medical illness was higher
in HIV-1 infected participants compared with HIV-1 un-
infected participants, 13.7 vs. 3.6 deaths/1000 person-
years (Hazard Ratio [HR] 3.7, 95% confidence interval
[CI]: 2.2 – 6.2, p < 0.001). The effect of gender on mor-
tality was confounded by HIV serostatus. Men and
women showed similar unadjusted medical mortality
(8.5 vs. 9.0 deaths/1000 person years; HR 1.0, 95%CI: 0.7
– 1.6, p = 0.86). Among HIV-1 uninfected participants,
women showed lower all-cause mortality rates than men
(p = 0.041), and a similar trend was seen in HIV-1-
infected participants (p = 0.084), but no statistically sig-
nificant differences were seen in death rates due to



Table 1 Demographic and clinical characteristics, by partner type

Characteristic HIV-1 infected partner HIV-1-uninfected partner

(N = 3295) (N = 3295)

Men Women Men Women

(n = 1073) (n = 2222) (n = 2222) (n = 1073)

Age, median (IQR) 37 (32,45) 30 (25, 35) 35 (30, 42) 31 (25, 38)

Informal settlement¶ 404 (38%) 859 (39%) 869 (39%) 390 (39%)

Married to study partner 866 (81%) 1627 (73%) 1636 (74%) 864 (81%)

Cohabiting with study partner 1002 (93%) 1970 (89%) 1983 (89%) 1000 (93%)

>8 years of education completed 512 (48%) 901 (41%) 1157 (52%) 401 (37%)

Any income 638 (59%) 546 (25%) 1331 (60%) 280 (26%)

CD4, median, cells/mm3 (IQR) - -

Enrollment 426 (334, 571) 481 (354, 664)

Final visit 394 (276, 544) 437 (312, 617)

HIV-1 plasma RNA, median, log10 copies/mL (IQR) - -

Enrollment 4.2 (3.5, 4.8) 3.8 (3.0, 4.4)

Final visit 4.4 (3.6, 5.0) 4.0 (3.2, 4.7)

Ever on ART over follow up 112 (10%) 178 (8%) - -

Highest WHO stage of HIV-1 - -

< 3 806 (75%) 1720 (77%)

3 243 (23%) 436 (20%)

4 24 (2%) 66 (3%)

¶Informal Settlement, as defined by study participants.
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medical causes. The ten non-medical deaths observed
occurred in one woman and nine men. No age effects
were noted (data not shown).

Causes of death
In most cases, limited data were available to further
characterize the cause of death (Table 4). The largest
Figure 1 Kaplan-Meier curve showing mortality with 95% CI caused b
number of deaths was categorized as ‘Other, medical’.
Many of these deaths may have been caused by oppor-
tunistic infections, but limited clinical information
from persons who did not receive care, or inability to
obtain medical records in other cases, did not permit
specific diagnoses; examples of narratives provided by
the study sites are shown in the footnote to Table 4.
y medical illness by participant serostatus.



Table 2 Univariate and multivariate Cox regression models of predictors of death attributed to medical causes among
HIV-1 infected participants

Events P-Y Incidence HR (95%CI) P aHR (95%CI) P

CD4 cell count

>500 10 2062 4.8 ref Ref

350-499 20 1532 13.1 2.7 (1.2, 5.6) .013 2.2 (1.0, 4.9) .053

250-349 23 1154 19.9 4.1 (1.9, 8.6) <.001 2.6 (1.2, 5.9) .018

<250 18 422 42.7 8.0 (3.6, 17.7) <.001 3.5 (1.4, 8.5) .005

Plasma HIV-1 RNA

<10 K 19 2465 7.7 ref Ref

10 K-50 K 5 1340 3.7 0.5 (0.2, 1.2) .12 0.5 (0.2, 1.3) .15

50 K-100 K 7 503 13.9 1.7 (0.7, 4.1) .21 1.4 (0.6, 3.6) .42

>100 K 40 853 46.9 5.7 (3.2, 10.0) <.001 †5.8 (2.9, 11.4) <.001

Antiretroviral use

No 60 4973 12.1 ref ref

Yes 11 197 55.8 5.6 (2.7, 11.5) <.001 †9.8 (4.1, 23.8) .001

WHO HIV Stage

1-2 36 4143 8.7 Ref ND

3 24 988 24.3 3.1 (1.8, 5.1) <.001

4 11 39 282.1 15.7 (6.3, 39.4) <.001

Gender

Men 28 1708 16.4 Ref Ref

Women 43 3462 12.4 0.7 (0.4, 1.1) .12 0.9 (0.6, 1.5) .79

Age

18-25 8 736 10.9 Ref ND

26-35 29 2417 12.0 1.2 (0.5, 2.6) .67

36+ 34 2015 16.9 1.7 (0.8, 3.6) .21

Type of housing

Formal 38 3050 12.5 ref ND

Informal 32 2001 16.0 1.6 (1.0, 2.7) .071

Arm

Placebo 38 2562 14.8 Ref ref

Acyclovir 33 2607 12.7 0.8 (0.5, 1.3) .44 1.0 (0.6, 1.6) .99

HR hazard ratio, N number of deaths, ND not done, NS non-significant in the multivariate model, P-Y person-years. Covariates CD4 count, VL, Antiretroviral use,
and WHO stage were all time-varying.
† An interaction term was also present in the model between high VL and ART (p = .004), demonstrating that the hazard of death associated with HIV viral load
>100 K is no greater than with viral load <10 K for those on ART (p = .42).
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Excess mortality
Relative to the HIV-uninfected partner, the HIV-infected
partner had excess medical mortality of 10.2 deaths/1000
person-years (95%CI: 6.9 – 13.5). We calculated the ex-
cess medical mortality attributable to HIV-1 infection by
categories of CD4 count and plasma HIV-1 RNA, after
adjusting for ART use (Table 5). Relative to HIV-1 unin-
fected persons, HIV-1 infected persons with a CD4 count
of 500 cells/μl or greater had similar mortality due to
medical causes (4.8 vs. 3.6 deaths/1000 person-years)
(Figure 2). HIV-1 infected persons with a CD4 count in
the range 350 – 499 cells/μl had an excess of 8.9
deaths/1000 person-years (95%CI: 3.8 – 14.0) compared
to HIV-1 uninfected persons. The excess deaths rose
further to 15.2 deaths/1000 person-years (95%CI: 8.1 –
22.2) for those with a CD4 count of 250 – 349 cells/μl
and to 29.3 deaths/1000 person-years (95%CI: 13.9 –
44.7) for those with a CD4 count below 250 cells/μl.
Furthermore, persons with a high plasma HIV-1 RNA

experienced excess deaths in comparison to HIV-1 unin-
fected persons, with 43.0 excess deaths/1000 person-
years (95%CI: 29.6 – 56.4) for HIV-1 infected persons
with viral load greater than 100,000 (among those not
taking ART). An interaction term between ART and high
HIV viral load (>100 K) was present in the model. No
excess mortality was found to be associated with plasma
HIV-1 RNA prior to initiating ART for those who began
ART (p = 0.58).



Table 3 Comparison of death rates by partner type and gender

Stratum Covariate Deaths P-Y Mortality per 1000 PY Hazard Ratio (95%CI) p-value

Medical Deaths

Included couples HIV-1 uninfected 18 5009 3.6 Ref <.001

HIV-1 infected 71 5170 13.7 3.7 (2.2, 6.2)

Men 43 5059 8.5 Ref .86

Women 46 5120 9.0 1.0 (0.7, 1.6)

HIV-1 uninfected Men 15 3351 4.5 Ref .12

Women 3 1658 1.8 0.4 (0.1, 1.3)

HIV-1 infected Men 28 1708 16.4 Ref .12

Women 43 3462 12.4 0.7 (0.4, 1.1)

All Deaths

Included couples HIV-1 uninfected 25 5009 5.0 Ref <.001

HIV-1 infected 74 5170 14.3 2.8 (1.8, 4.4)

Men 52 5059 10.2 Ref .53

Women 47 5120 9.2 0.9 (0.6, 1.3)

HIV-1 uninfected Men 22 3351 6.6 Ref .041

Women 3 1658 1.8 0.3 (0.1, 0.9)

HIV-1 infected Men 30 1708 17.6 Ref

Women 44 3462 12.7 0.7 (0.4, 1.0)

PY person years.
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Number needed to treat
Assuming that ART can effectively reverse immunosup-
pression and result in a life expectancy similar to that of
HIV-1 uninfected persons, as has been observed in
resource-rich countries that have ART initiation guidelines
with higher CD4 counts, we calculated the number of
HIV-1infected persons needed to treat with ART per year
to avert a death at each stratum of CD4 cell count and
HIV-1 viral load. At CD4 counts less than 250 cells/μl, 34
Table 4 Causes of death by partner type

HIV-1 infected
(%)

HIV-1
uninfected (%)

Trauma or Injury 3 (4%) 7 (28%)

Pneumonia and other
respiratory illness

14 (19%) 1 (4%)

Malaria 5 (7%) 0 (0%)

Tubercμlosis 12 (16%) 4 (16%)

Gastrointestinal infections
and related disorders

9 (12%) 1 (4%)

Other infections 6 (8%) 1 (4%)

Other medical¶ 25 (34%) 11 (44%)

All Deaths 74 (100%) 25 (100%)

¶ “Other medical” conditions included any other conditions that coμld not be
explicitly ascribed to the other categories of medical illness based on the
available data, and did not resμlt from trauma. Examples of causes of death
that were included in the ‘other medical’ category include the following site
reports: 1) “Death following a short illness. Was asthmatic”; 2) “Death following
severe headache.” 3) “Participant hospitalized with abdominal pains, headache,
and joint pains. Died on the same day”. 4) “Sharp left sided chest pain and
vomiting for 2 days, leading to death.” 5) “Death after admission due to
gastroenteritis and hepatic encephalopathy, died on day of admission.”
persons need to receive ART per year to avert one death
attributable to HIV infection in this cohort with a median
follow-up of 20 months. At CD4 counts in the range 250
– 349 cells/μl and 350 – 499 cells/μl, 66 and 113 persons,
respectively, need to be treated to avert one death.

Discussion
Our study shows that among African HIV-1 serodiscor-
dant couples, who likely share many determinants of
health such as socioeconomic status, nutrition and infec-
tious disease exposures, mortality was higher in the
HIV-1 infected partner at all but the highest levels of
CD4 cell count (>500 cells/μl). We calculated the excess
mortality within CD4 cell categories and found that ap-
preciable excess mortality remains, even above CD4 cell
counts that prompt initiation of ART according to
current WHO guidelines (CD4 ≤ 350 cells/μl), or as cur-
rently implemented in many African countries (CD4 ≤
250 or 200 cells/μl). Given that the excess mortality at-
tributable to HIV-1 is noted at all but the highest levels
of CD4 count, aligning the goal of reducing HIV-1-
related mortality to revisions of treatment guidelines will
likely require further increases in the CD4 threshold for
ART initiation.
Few studies have examined the impact of HIV-1 infec-

tion with CD4 counts above 200 cells/μl in sub-Saharan
Africa. A recent multicohort analysis examining mortal-
ity according to CD4 count at which ART was initiated
did not include cohorts from Africa [8]. Analyses from
the International epidemiological Databases to Evaluate



Table 5 Excess mortality according to CD4 cell count and plasma HIV-1 RNA category among HIV-1 infected
participants, after adjusting for ART use

Incidence ofmedical
death

Estimated excess mortality
per 1000 person-years (95% CI)

P-value Number needed to treat per year
(95% CI) to avert 1 death

HIV-1 uninfected 3.6 Reference - Reference

HIV-1 infected 13.7 10.2 (6.9, 13.5) <.001

CD4 cell count

≥500 4.8 1.2 (−1.8, 4.2) .44 851

350-499 13.1 8.9 (3.8, 14.0) <.001 113

250-349 19.9 15.2 (8.1, 22.2) <.001 66

<250 42.7 29.3 (13.9, 44.7) <.001 34

HIV-1 RNA

HIV-1 <10 K 7.7 2.0 (−1.1, 5.0) .21 509

10 K-50 K 3.7 −0.6 (−3.4, 2.3) .69 NA

50 K-100 K 13.9 6.7 (−0.6, 14.0) .071 149

>100 K 46.9 43.0† (29.6, 56.4) <.001 23

† An interaction term was also present in the model between high HIV viral load and use of ART (p = .002). The excess mortality in the last row applies to those
not on ART. For those on ART, mortality was not found to exceed that of HIV-1 uninfected (p = 0.58).
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(IeDEA) collaboration examining cohort data from West
Africa and Southern Africa indicate that persons initiat-
ing ART with CD4 counts above 200 cells/μl have a re-
sidual excess mortality of 10.0 (for persons with less
advanced clinical staging) to 35.9 deaths per 1000
person-years (for those with more advanced clinical dis-
ease) up to 24 months on therapy, compared to country-
level estimates of HIV-free mortality [9]. The ART-LINC
collaboration reported that mortality in the first year of
ART was 6.4% in programs with active retention strat-
egies, with mortality in the period immediately following
initiation of therapy being higher than after six months
[23]. However, only a small minority of subjects in that
analysis were enrolled with a baseline CD4 count above
Figure 2 Incidence of death by HIV-1 status and CD4 category
for HIV-1-infected partners. Numbers above bars indicate the
absolute number of deaths that occurred in each category.
350 cells/μl, and those that were initiated therapy due to
clinical progression or other conditions indicating
advanced immunosuppression.
In our analysis, ART use was associated with a signifi-

cantly increased risk of death. It is likely that this reflects
confounding by indication [24], as ART is initiated in
patients with the highest risk of mortality due to
advanced HIV-1 disease. Further, since ART was pre-
scribed outside of the study and there was a time lag be-
tween laboratory measures performed at study clinics
and drug prescription, those on ART are likely to be at
lower CD4 count than assessed in clinic; therefore, the
observed associations between mortality and CD4 count
are also likely to be conservatively biased. We observed
that the risk of death fell after six months of therapy. In
patients with low CD4 count, initiation of ART is asso-
ciated with a substantial mortality from immune recon-
stitution inflammatory syndrome, which may have
contributed to this finding [25]. Even though the final
model included a number of factors that serve as indica-
tors for ART initiation, we retained ART in the final
model to fully describe factors associated with mortality.
In our study, both low CD4 count and high plasma

HIV RNA level were independently predictive of poorer
survival. This mirrors other studies from developed
countries demonstrating an additional predictive role for
measure of viremia [26,27]. Translation of this finding to
a useful clinical stratification tool has been more com-
plex. In African treatment programs, treatment initiation
is guided by clinical findings and CD4 count, with rare
or no measurement of viral load prior to ART. A clinical
trial evaluating a combination HIV prevention strategy
in Botswana will use viral load as an eligibility criterion
[28] (NCT01583439).
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Our findings add to the prior evidence of the prognos-
tic significance of increased HIV-1 RNA levels for a
given CD4 count. The association of level of viremia
with mortality would also provide support for those
advocating for increased use of viral load monitoring,
while recognizing the success of African treatment
programs has largely rested on their public health
orientation, and that cost is a major factor for limited
use. An additional consideration supporting wider use
of viral load monitoring is that plasma HIV-1 RNA
also predicts risk of transmission, and thus remains an
important measure of the likelihood of further trans-
mission of HIV-1 in the community [29,30].
Our study has several strengths. The observations are

drawn from a large cohort of HIV-1 serodiscordant cou-
ples in Africa. Active outreach efforts to track those with
loss to follow-up resulted in excellent retention, and it is
likely that few or no deaths were not identified or
reported. The diversity of 14 rural and urban sites in seven
East and Southern African countries included participants
living in a broader range of socioeconomic conditions than
might be seen in highly localized study populations, such
as demographic surveillance sites. The paired nature of
the data provided a comparison group that can more care-
fully account for many of the socio-economic determi-
nants of health than may be possible through a general
community or country-level comparison.
We assumed that economic resources and access to

care were shared equally within the couple. Such an as-
sumption may not be correct in all cases, as the man
may control a disproportionate amount of resources
available within the family. Women have a marginalized
status in some African societies [31]. Should such
marginalization undermine our assumption of equitable
access to resources and limit access to care, we might
have expected to observe higher mortality among
women participating in the trial. Our findings suggest
otherwise, in that we observed a higher rate of all-cause
death among men, once stratified by HIV-status, albeit
not a statistically significant finding. Thus we found no
reason to infer that power differentials related to gender
were significantly impeding women’s access to care, or if
present, were overshadowed by differential healthcare
seeking behaviour [32,33]. Furthermore, the couples that
chose to participate in a discordant couples’ trial may
not reflect couples in a general population. The
increased mortality among men has been noted in HIV-
1/TB co-infected patients attending care in Soweto [34].
Other studies have also noted higher mortality among
men related to trauma [10]. There is a need to investi-
gate barriers to men accessing care and understand fac-
tors associated with higher mortality in men.
HIV-1 is also known to have deleterious impacts on

the socioeconomic status of households [35]. It is not
clear what effect, if any, such a phenomenon might have
had in this cohort, and whether any negative impacts
would have more significantly impacted the HIV-1
infected or HIV-1 uninfected participant. Most sites
conducted the study in or adjacent to a health care facil-
ity, which may have also skewed the distribution of
socio-economic status of study participants. Differences
in socio-economic status between facility-based and
community-based patient samples attending HIV-1 care
have been noted in the African context [36].

Conclusions
In summary, our data confirm the large contribution
from HIV-1 to mortality in adults in the African setting.
Our data also indicate that the excess mortality was
highest in those with CD4 counts below 250 cells/μl, al-
though a significant excess remained at all CD4 categor-
ies below 500 cells/μl. Thus, our results support
increasing the CD4 threshold for treatment initiation,
together with expanding HIV testing for asymptomatic
persons in the community, if the goal of reducing HIV-
1-related excess mortality is to be achieved. Determin-
ation of plasma HIV-1 RNA measures may further aid in
identifying those individuals at higher risk of rapid dis-
ease progression and HIV-1 transmission.
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