1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

o WATIG,

HE

M 'NS;))\

D)

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
A/IDS. 2009 January 28; 23(3): 335-342. d0i:10.1097/QAD.0b013e328321823f.

Changing mortality risk associated with CD4 cell response to
antiretroviral therapy in South Africa

Stephen D. Lawn®P, Francesca Little®, Linda-Gail Bekker?2, Richard Kaplan?, Elizabeth
Campbel?, Catherine Orrell?, and Robin Wood?2

aThe Desmond Tutu HIV Centre, Institute for Infectious Disease and Molecular Medicine, Faculty
of Health Sciences, University of Cape Town, Cape Town, South Africa

bClinical Research Unit, Department of Infectious and Tropical Diseases, London School of
Hygiene & Tropical Medicine, London, UK

CFaculty of Science, Department of Statistical Sciences, University of Cape Town, Cape Town,
South Africa

Abstract

Objective—To determine the relationship between mortality risk and the CD4 cell response to
antiretroviral therapy (ART).

Design—Observational community-based ART cohort in South Africa.

Methods—CD4 cell counts were measured 4 monthly, and deaths were prospectively
ascertained. Cumulative person-time accrued within a range of updated CD4 cell count strata
(CD4 cell-strata) was calculated and used to derive CD4 cell-stratified mortality rates.

Results—~Patients (2423) (median baseline CD4 cell count of 105 cells/ml) were observed for up
to 5 years of ART. One hundred and ninety-seven patients died during 3155 person years of
observation. In multivariate analysis, mortality rate ratios associated with 0-49, 50-99, 100-199,
200-299, 300- 399, 400-499 and at least 500 cells/ml updated CD4 cell-strata were 11.6, 4.9, 2.6,
1.7, 1.5, 1.4 and 1.0, respectively. Analysis of CD4 cell count recovery permitted calculations of
person-time accrued within these CD4 cell strata. Despite rapid immune recovery, high mortality
in the first year of ART was related to the large proportion of person-time accrued within CD4
cell-strata less than 200 cells/ml. Moreover, patients with baseline CD4 cell counts less than 100
cells/ml had much higher cumulative mortality estimates at 1 and 4 years (11.6 and 16.7%)
compared with those of patients with baseline counts of at least 100 cells/ml (5.2 and 9.5%)
largely because of greater cumulative person-time at CD4 cell counts less than 200 cells/ml.
Conclusion: Updated CD4 cell counts are the variable most strongly associated with mortality risk
during ART. High cumulative mortality risk is associated with person-time accrued at low CD4
cell counts. National HIV programmes in resource-limited settings should be designed to
minimize the time patients spend with CD4 cell counts less than 200 cells/ml both before and
during ART.
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Introduction

Methods

The countries of sub-Saharan Africa have been hit hardest by the HIV/AIDS epidemic with
an estimated 22.5 million adults and children living with the infection in 2007 [1]. Of these,
1.6 million died, representing 76% of global AIDS deaths that year. Expansion of access to
antiretroviral therapy (ART) in recent years, however, has offered hope of averting hundreds
of thousands of deaths [2]. By April 2007, approximately 1.3 million people in the region
were receiving treatment [3], and early pessimism concerning effective delivery of ART on
a large scale using a simplified public health approach has largely proven unfounded.
However, early mortality risk is much higher among patients treated in resource-limited
settings compared with those treated in high-income countries [4,5].

Between 8 and 26% of patients receiving ART in sub-Saharan Africa die within the first
year of treatment, with most deaths occurring in the first few months [4]. Baseline patient
characteristics independently associated with early mortality include low CD4 cell count,
advanced World Health Organization (WHO) clinical stage of disease, low body mass
index, anaemia and male sex. In many programmes in Africa, median baseline CD4 cell
counts are low (approximately 100-150 cells/pl) [4,6-11], and this has been highlighted as a
key problem [4].

Although most existing studies from sub-Saharan Africa have examined short-term
mortality outcomes and their association with baseline patient characteristics [4], some data
suggest that risks of morbidity and mortality change according to the response to ART [11-
13]. Data are now needed on longer term outcomes and, in particular, how mortality risk
changes in association with CD4 cell count recovery. We hypothesized that even in those
with rapid immune recovery, many patients with advanced immunodeficiency at baseline
accrue considerable time with low CD4 cell counts, resulting in a high cumulative mortality
risk. To examine these issues, we analysed prospectively collected data from patients with
up to 5 years of follow-up in a large ART cohort in Cape Town, South Africa.

Antiretroviral treatment service

The ART service established in Gugulethu township in Cape Town in 2002 has previously
been described in detail [6,12—14]. The district has a predominantly African population of
over 300 000, the vast majority of whom live in conditions of low socioeconomic status.
Ambulatory patients eligible for ART are referred to this service from a series of other
primary care clinics in the township. During this study, the median time between enrolment
of a patient in the service and initiation of ART was approximately 1 month. This permitted
thorough preparation of patients for ART and screening and management of opportunistic
infections and other comorbidities. The vast majority of patients with tuberculosis (TB) in
this service have received at least 1 month of TB treatment prior to ART [15].

National ART guidelines were based on the WHO 2002 recommendations [16], providing
treatment for those with a prior AIDS diagnosis (WHO stage 4 disease) or a blood CD4 cell
count of less than 200 cells/ul. First-line ART comprised stavudine, lamivudine and a
nonnucleoside reverse transcriptase inhibitor (predominantly efavirenz) and was supplied
free of charge to patients. Treatment compliance was high, and the virological failure rate is
approximately only 2% of patients per year [17]. All patients routinely received prophylaxis
with trimethoprim-sulphamethoxazole both before and during ART.
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Data collection

Blood CD4 cell count and plasma viral load measurements were done routinely at baseline
and 4 monthly during ART within accredited laboratories. Detailed structured clinical and
laboratory records were maintained for every patient visit from the time of enrolment in the
programme. Data were transferred on a weekly basis to an electronic database. Patients
requiring in-patient care were referred to a nearby 200-bed secondary hospital. Information
on in-patient care was gained from discharge letters, hospital and laboratory records and
postmortem examinations. Additional deaths and losses to follow-up were ascertained by
active community-based follow-up by peer counsellors as previously described [13].
Patients were classified as lost to follow-up if they did not attend the clinic for a consultation
or to collect medication for a period of 12 weeks. Collection of data on this study population
for research purposes was approved by the Research Ethics Committee of the University of
Cape Town; all patients enrolled gave written informed consent.

Data analysis

Results

Data were analysed using STATA (StataCorp LP, College Station, Texas, USA). Data from
all patients who initiated ART within the programme between September 2002 and June
2007 were included. Person-time of observation was accrued from the date of enrolment in
the programme until either occurrence of death, loss to follow-up, transfer to another ART
programme or censoring of observation in September 2007.

Person-time on ART was subdivided into 4-month intervals, each of which was defined by
the CD4 cell count measurement at the start of the interval. In the event of missing CD4 cell
data from the start of the interval (<5% of all intervals), we used the mean of the CD4 cell
values immediately before and after the interval. Intervals were categorized into CD4 cell
count strata (CD4cell-strata): 0-49, 50-99, 100-199, 200-299, 300-399, 400-499 and at
least 500 cells/ul. Total person-time accrued within each of these CD4 cell-strata during
follow-up was calculated.

Overall mortality rates and rates within CD4 cell-strata were calculated. Kaplan—-Meier
(product-limit) analyses were used to estimate cumulative mortality risk both in the overall
cohort and stratified by baseline CD4 cell count. We estimated the association between
baseline risk factors, updated CD4 cell counts and viral load and the incidence of mortality
using univariate and multivariate-mixed effect Poisson regression models.

The relationship between CD4 cell counts and duration of ART was illustrated using lowest
smooth curves obtained from a series of locally weighted regressions with bandwidth of 0.8.
Poisson base confidence intervals (CI) were calculated for per person-year incidence rates
and binomial exact Cls for cumulative mortality rates. In other analyses, Wilcoxon rank-sum
tests were used to compare medians, and all statistical tests are two-sided at alpha value of
0.05.

Cohort characteristics and follow-up

During the study period, 2878 patients were enrolled in the programme. At the time data
were censored, 2423 (84%) patients had started ART, and their baseline characteristics
showed that most had advanced immunodeficiency (Table 1). Of 455 patients who did not
receive ART, 298 (10%) had been deferred from the programme (due to ineligibility for
ART, treatment refusal or loss to follow-up), 52 (2%) were currently preparing to start
treatment and 105 (4%) had died before starting ART.
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Individuals were followed up for up to 5 years, and a total of 3155 person-years of follow-up
accrued during ART. With cohort expansion over time, the numbers of patients alive and
receiving treatment after 1, 2, 3 and 4 years of treatment were 1426, 681, 262 and 104,
respectively. Of those who started ART, 1856 (77%) were still alive and receiving treatment
at data censorship, 232 (10%) had been lost to follow-up, 143 (6%) had been transferred out
to another ART service and 192 (8%) had died. Those who died had low CD4 cell counts; at
baseline, a median CD4 cell count of 78 cells/pl [interquartile range (IQR) 25-171; range 1-
966)] at the time of death (Table 1). The proportions of patients with viral load suppression
of less than 400 copies/ml at 12, 24, 36 and 48 months of ART were 90.5, 90.3, 93.3 and
90.5%, respectively. One-third of those who died had an undetectable viral load just prior to
death (Table 1).

Mortality rates and cumulative mortality estimates

The mortality rate during the 1-month period prior to starting ART was very high [26.6
deaths/100 person-years; 95% CI 21.8-32.3]. The rate during months 0—-4 of ART was also
high (16.3 deaths/100 person-years; 95% CI 13.3—-19.7) but decreased steeply thereafter,
reaching a rate of 4.4 (2.8-6.4) deaths/100 person-years during 8—-12 months of treatment.
Mortality rates in the second, third and fourth years of ART were 2.6 (1.6-3.9), 0.7 (0.2-1.6)
and 0.4 (0.1-1.6) deaths/100 person-years, respectively.

Cumulative mortality estimates over 48 months of ART were derived using Kaplan-Meier
analyses (Fig. 1a). The mortality estimate at 12 months (8.4%) was approximately two-
thirds of the overall estimate at 48 months (13.2%). Cumulative mortality at 48 months in
patients with baseline CD4 cell counts less than 100 cells/ul was approximately double that
of patients with counts more than 100 cells/pl (P < 0.001) (Fig. 1b).

To permit comparison with data from other cohorts, mortality estimates after 48 months of
ART were also determined for subgroups of patients. For those with WHO stages 1-3 and
baseline CD4 cell counts of more than 100 cells/pl or less than 100 cells/ul, estimates were
6.3 and 12.6%, respectively. For those with WHO stage 4 disease and baseline CD4 cell
counts of more than 100 cells/pl or less than 100 cells/pl, estimates were 20.1 and 24.8%,
respectively.

Mortality rates and CD4 cell response to antiretroviral therapy

We next examined how mortality rates changed in relation to the CD4 cell response to ART.
We categorized person-time of observation according to the CD4 cell count at the start of
each 4-month follow-up interval. We then calculated cumulative person-time accrued within
a series of CD4 cell-strata and used these as denominators to calculate mortality rates
stratified by updated CD4 cell counts. The relationship between updated CD4 cell counts
and mortality rates was extremely strong (Fig. 2).

Risk factors for mortality during antiretroviral therapy

We examined crude and adjusted associations between mortality and patient baseline
characteristics and updated viral load and CD4 cell counts. In crude analyses, older age,
male sex, WHO stage 4 disease, updated CD4 cell counts and detectable updated viral load
measurements were all significantly associated with mortality risk (Table 2). With the
exception of male sex, each of these variables remained significantly associated in the
multivariate model. However, updated CD4 cell counts were the variable most strongly
associated with death. Those CD4 cell-strata lying below a threshold of 200 cells/ul were
each associated with a more than two-fold greater adjusted mortality risk compared with the
more than 500 cells/ul CD4 cell-stratum. Above a threshold of 200 cells/pl, small
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cumulative reductions in mortality rates occurred as CD4 cell counts increased further, but
these differences did not reach statistical significance.

In another model, we excluded the first 4 months of observation during ART, so that
baseline CD4 cell counts could be included as a separate variable in addition to updated
CDA4 cell counts. In this model, updated but not baseline CD4 cell counts were significantly
associated with mortality risk. Together, these models indicate that the absolute CD4 cell
count at any given time point is a key determinant of mortality risk.

CD4 cell count recovery during antiretroviral therapy

We next examined how the overall distribution of CD4 cell counts in the cohort changed
over time. Figure 3 shows changes in the proportions of patients with CD4 cell counts lying
below a series of thresholds during ART. The proportion of patients with a CD4 cell count
less than 100 cells/ul decreased rapidly from 41% at baseline, reaching a plateau of
approximately 2% after 12—-18 months of ART. The proportion of patients with a CD4 cell
count of less than 200 cells/ul also decreased from 89% at baseline and reached a plateau of
approximately 10% of patients after 24-36 months of ART. Conversely, the proportion of
patients with CD4 cell counts of more than 500 cells/pl steadily increased from 0% at
baseline to approximately 50% after 48 months (Fig. 3). The slope of the 500 cells/pl
contour indicates substantial immune recovery was ongoing after 4 years of treatment.

Cumulative person-time within low CD4 cell-strata and mortality risk

Having established the relationship between mortality risk and updated CD4 cell counts and
having characterized CD4 cell recovery over time, we reasoned that mortality rates in the
overall cohort would be strongly related to the cumulative person-time accrued within low
CDA4 cell-strata. For each sequential year of ART, we calculated the proportions of total
person-time that were accrued within different CD4 cell-strata. During years 1, 2, 3 and 4 of
ART, the proportions of person-time accrued at CD4 cell counts less than 100 cells/pl were
26, 4, 1 and 1%, respectively, and the proportions of person-time accrued at CD4 cell counts
less than 200 cells/ul were 63, 25, 12 and 8%, respectively. These observations provide
insight into the very high mortality rates in the first year of ART, which rapidly decreased to
long-term rates that were much lower.

Baseline CD4 cell counts were strongly predictive of the cumulative person-time accrued
within the lowest CD4 cell-strata. Those with the lowest baseline counts (<100 cells/ul)
accrued 28 and 53% of person-time with CD4 cell counts of less than 100 and 200 cells/pl,
respectively, compared with 1 and 28% of person-time for those with higher baseline counts
(>100 cells/ul). Thus, patients with lower baseline CD4 cell counts had a much higher
cumulative mortality risk (Fig. 1b).

Discussion

In this analysis, we examined the relationship between mortality risk and CD4 cell counts
measured at baseline and 4 monthly during ART (updated CD4 cell counts) in a large
cohort. Mortality risk decreased markedly in association with ART-induced CD4 cell
recovery, but patients remained at substantially greater mortality risk during person-time
accrued at CD4 cell counts below a threshold of 200 cells/ul. Compared with patients with
the highest updated CD4 cell counts, patients with updated CD4 cell counts of less than 200
cells/ul had a more than two-fold greater adjusted mortality risk and those with updated
counts of less than 50 cells/ul had a more than 10-fold greater adjusted mortality risk.
Cumulative person-time accrued within CD4 cell-strata lying below 200 cells/ul explains
both the high mortality observed during the first year of ART and the high long-term

AIDS. Author manuscript; available in PMC 2013 September 18.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Lawn et al.

Page 6

cumulative mortality risk among those with the lowest baseline CD4 cell counts. Early HIV
diagnosis and timely initiation of ART before CD4 cell counts fall 200 cells/ul are required.

Despite virological suppression rates of more than 90% and excellent CD4 cell count
recovery in this cohort (Fig. 3), cumulative mortality estimates after 48 months of ART were
far greater than those observed in ART cohorts in high-income countries [18,19]. Similarly
aged patients in the Dutch AIDS Therapy Evaluation Project (ATHENA) cohort, for
example, who have sexually acquired HIV and baseline CD4 cell counts of less than 100
cells/ul have 5-year cumulative mortality estimates of 8% (AIDS patients) or 4% (non-AIDS
patients) [18]. These compare to 4-year estimates of 24.8 and 12.6%, respectively, among
similarly stratified patients in our cohort. Corresponding estimates from the ATHENA
cohort for patients with baseline CD4 cell counts of 100-200 cells/pl were 4% (AIDS
patients) and 2% (non-AIDS patients) compared with estimates of 20.1 and 6.3% in our
cohort. These findings indicate that long-term cumulative mortality estimates are over three-
fold higher in our cohort.

Our data extend the findings of the Antiretroviral Treatment in Lower Income Countries
(ART-LINC) collaboration, which reported that after adjustment for baseline patient
characteristics, mortality risk in the first year of ART was higher among patients treated in
resource-limited settings compared with those treated in high-income settings despite similar
immunological and virological responses to treatment [5,20]. Reasons underlying this have
yet to be defined but may include differences in the spectrum of opportunistic pathogens and
access to healthcare. The most common causes of early deaths in our cohort are TB, acute
sepsis, cryptococcal meningitis, wasting syndrome and Kaposi's sarcoma [6,15,21]. Immune
reconstitution disease has been speculated to contribute to early mortality in this setting, and
our experience is that cryptococcal disease rather than TB is more important in this regard
[6,22].

Existing studies from both high-income and resource-limited settings have largely focused
on the relationship between mortality risk and baseline patient characteristics [4,6—
11,13,18,19]. We extended these findings, showing that mortality risk changed markedly in
relationship with CD4 cell count recovery during ART (Fig. 2) and that the absolute CD4
cell count at any given time point was the key determinant of mortality risk. However, above
a threshold of 200 cells/ul, further increments in CD4 cell counts were associated with only
minor additional reductions in mortality rates that did not reach statistical significance in this
analysis.

Immune recovery in this cohort compares very favourably with that observed in ART
cohorts in high-income countries [23]. The proportion of patients with CD4 cell counts less
than 200 cells/pl decreased steeply to reach a plateau of approximately 10% after 24—36
months of ART (Fig. 3). In the long term, the minority of patients with updated counts less
than 200 cells/pl contributed disproportionately to overall mortality rates, and this
proportion may be an important factor underlying differences in mortality rates between
cohorts. Such patients may have immunological nonresponse (approximately 10% of this
cohort at 48 weeks [24]) or primary or secondary virological failure. A detectable viral load
during follow-up was also an independent risk factor for death, highlighting the importance
of maintaining virological suppression.

The slope of the 500 cells/pl CD4 cell count contour in Fig. 3 indicates that substantial
immune recovery was ongoing after 48 months of ART. However, as mortality risk varied
relatively little above a CD4 cell count threshold of 200 cells/pl, the steadily increasing
proportion of patients with counts more than 500 cells/ul is unlikely to impact overall
mortality rates substantially. This may be more important, however, with regard to reducing
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risk of morbidity due, for example, to TB, which persists at high rates during ART in this
setting [25].

Cumulative mortality risk was strongly related to the proportions of person-time accrued
within different CD4 cell-strata. During the first year of ART, the proportions of person-
time accrued within CD4 cell-strata lying below 200 cells/ul were large, and the mortality
that accrued within this period was correspondingly high. Beyond 1 year of treatment, these
proportions rapidly decreased, accounting for much lower mortality rates thereafter.

In multivariate analyses, mortality risk at any given time point was associated with updated
CD4 cell count rather than the baseline value. Lower baseline counts were, however,
predictive of greater proportions of person-time accrued within low CD4 cell-strata with
high mortality risk. Thus, cumulative mortality estimates at 48 months were much higher
among patients with baseline CD4 cell counts less than 100 cells/ul compared with those
with higher baseline counts (Fig. 1b). Median baseline CD4 cell counts are low in most ART
programmes in sub-Saharan Africa, and so many patients remain at high mortality risk for
considerable periods.

These data indicate that patients should start ART before their CD4 cell counts fall below
200 cells/pl, though this only occurs in a small minority of patients in Africa at present.
Earlier initiation of ART will require early HIV diagnosis and strengthening of longitudinal
HIV care, with serial assessments of CD4 cell counts and clinical status to trigger initiation
of ART at an appropriate time point. Eligibility criteria for ART in national programmes in
the region need to be reconsidered. The policy in South Africa, for example, restricts ART
to patients with WHO stage 4 disease (AIDS) or a CDA4 cell count less than 200 cells/pl [26],
which is not in keeping with current WHO guidelines [27]. Thus, current South African
policy restricts the potential survival benefits that could be derived from ART.

Strengths of this study include the completeness of data, with less than 5% of CD4 cell
count data-points missing, good ascertainment of outcomes and a low loss to follow-up rate.
Previous data indicate that inadvertent misclassification of deaths as losses to follow-up in
this cohort is infrequent [13]. This analysis is novel with inclusion of updated CD4 cell
counts and viral load measurements as time-dependent covariates. A much larger cohort
would be needed to detect any significant differences in mortality risk in higher CD4 cell-
strata, however. Baseline characteristics of patients were typical of those accessing ART in
other public sector programmes across sub-Saharan Africa. However, mortality and loss to
follow-up rates were lower than those observed in many other programmes, and absolute
CDA4 cell-stratified mortality rates may not be representative of all programmes [4,28].

In summary, long-term cumulative mortality estimates in this South African cohort were
approximately three-fold higher than those in cohorts in high-income countries despite
excellent immunological and virological responses to ART. Mortality risk during ART was
strongly associated with updated CD4 cell counts, and overall mortality was related to the
proportions of person-time accrued within low CD4 cell-strata. Person-time accrued at CD4
cell counts less than 200 cells/pl must be minimized before and during ART. National HIV
programmes should take measures to promote early diagnosis of HIV and initiation of ART
before CD4 cell counts fall below 200 cells/pl.
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Fig. 1. Kaplan—-Meier plots showing cumulative mortality risk over 48 months

(a) Cumulative mortality estimates for the whole cohort at 1 2 and 48 months of ART were
8.4 and 1 3.2%, respectively, (b) Cumulative mortality estimates al 12 and 48 months from
enrolment were 11.6 and 16.7%, respectively, in those with baseline CD4 cell counts of less
than 100 cells/ul (—) compared with 5.2 and 9.5% in those wilth baseline counts more than
100 cells/ul (----).

AIDS. Author manuscript; available in PMC 2013 September 18.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Lawn et al. Page 11

50
45 1
401

30 1
25 1
20 4
15 1
10 4

Mortality rate

on

0 : : _—r___—{_—. c— ¢ —

0-48  50-89 100-198 200-209 300-399 400-499 =500

Current CD4 cell count

Fig. 2. Graph showing the mortality rates (95% confidenceinterval, deaths/100 per son-years)
according to updated CD4 cell countsduring antiretroviral therapy

CD4 cell counts (cells/ul) were measured at baseline and 4 monthly during ART. Follow-up
time intervals were defined by the CD4 cell count at the start of each interval and
categorized into one of six different CD4 cell count strata. Cumulative person-time accruing
within those strata was determined and used to derive the CD4 cell-stratum-specific
mortality rates. Unadjusted mortality rates during person-time accrued within the 0-49, 50—
99, 100-199, 200-299, 300-399, 400-499 and at least 500 cells/ul CD4 cell-strata were
38.6 (30.3-48.6), 12.8 (8.9-17.9), 5.4 (3.9-7.2), 2.7(1.6-4.1), 2.0(1.0-3.6), 2.0(0.7-4.3) and
1.2 (0.3-3.2) deaths/100 person-years, respectively.
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Fig. 3. Graph showing smoothed changesin distribution of CD4 cell countsin the cohort over
time during 48 months of antiretroviral therapy

The proportions (percentage) of patients with CD4 cell counts lying below thresholds of
100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000 cells/ul are shown. The proportions of
patients with CD4 cell counts less than 100 and 200cells/pl decreased steeply over the 1st
and 2nd years of ART, respectively. The proportion of patients with CD4 cell counts more
than 500 cells/ul steadily increased throughout follow-up, indicating ongoing immune
recovery. Median CD4 cell counts at 0, 12,24,36 and 48 months of ART were 101,261,
355,417 and 483 cells/pl, respectively.
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Table 1

Characteristics of the patients starting antiretroviral treatment and of the patients who subsequently died
during treatment.

Patient characteristics Patientsstarting ART (n=2423) Survivors(n=2231) Deaths(n=192)

Median (IQR) age 33(28-39) 32(28-38) 36 (30-43)
Female patients 1624 (67) 1512 (68) 112 (58)
Baseline CD4 cells (cells/ul)

Median (IQR) 101 (48-157) 104 (52-159) 57 (16-111)
0-49 618(21) 531 (24) 87 (45)
50-99 574 (20) 531 (24) 43 (22)
100-149 549 (19) 516(23) 33(17)
150-200 423 (17) 406 (18) 17(9)

2200 250 (11) 247 (11) 12(6)
Baseline log viral load
25.0 log copies/ml 1052 (43) 946 (42) 106 (55)
WHO stage

land 2 575 (24) 560 (25) 15(8)

3 1395(53) 1300 (58) 95 (50)

4 552 (23)  470(21) 82 (43)

Updated CD4 cell count prior to death (cells/pl)

Median (IQR) - - 78(25-171)
0-99 - - 107(56)
100-199 - - 45 (23)
>200 - - 40(21)

Updated viral load prior to death

2400 copies/ml - - 128 (67)
Months ART at time of death

Median (IQR) - - 7.8(3.3-22.8)

Values show numbers (%) unless otherwise stated. ART, antiretroviral therapy; IQR, interquartile range.
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