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Abstract

The response to highly active antiretroviral treatment (HAART) and predictors of mortality among patients with
advanced HIV infection (CD4þ cell count <50 cells=mm3) in Botswana are described. Clinical and laboratory data
for 349 patients with CD4 <50 cells=mm3 initiating HAART from January 23 to November 18, 2002 at Princess
Marina Hospital in Gaborone, Botswana were extracted from clinical charts and electronic patient manage-
ment systems. The Kaplan–Meier method was used to estimate survival and log-rank tests used for group
comparisons. Cox regression was used to identify independent predictors of survival. A total of 349 adults
initiated HAART. In all, 78.2% (95% CI: 73.7%, 82.9%) of patients survived 1 year. Among survivors, the mean
CD4þ cell count increase was 239.8 cells=mm3 (95% CI: 217.0, 262.8) at 12 months; 92.1% (95% CI: 87.8%, 94.9%)
of patients (as treated) had plasma HIV-1 RNA #400 copies=ml at 9 months declining to 59.9% (95% CI: 54.7%,
64.9%) (ITT). There was a 2-fold higher mortality rate among patients with CD4þ #10 cells=mm3 compared to
11–49 cells=mm3, hazard ratio (HR)¼ 1.91 (95% CI: 1.16, 3.14). A 10 cell=mm3 higher CD4þ cell count corre-
sponded to a 22% decrease in hazard of death (HR¼ 0.78; 95% CI: 0.64, 0.94). Lower baseline CD4þ cell count
( p < 0.001) and WHO clinical stage 4 HR¼ 2.41 (95% CI: 1.32, 4.38) were independent predictors of poorer
survival. HAART confers significant benefit even among persons with advanced immunosuppression. Adults
with CD4þ cell counts #10 cells=mm3 and=or WHO clinical stage 4 disease at the time of HAART initiation have
a higher risk of death.

Introduction

Highly active antiretroviral therapy (HAART) has
been the standard of care in the developed world since

1996.1 The introduction of HAART has had an enormous
impact on the health of persons infected with HIV in Western
Europe and the United States.2–4 Sub-Saharan Africa has the
highest prevalence of HIV=AIDS worldwide,5 and HIV-1C is
the predominant HIV-1 subtype in the region.6 In 2002,
Botswana became the first country in Africa to offer HAART
through its public health system at the outpatient Infectious
Disease Care Clinic (Princess Marina Hospital) in the capital
city of Gaborone. Due to huge patient demands and limited

physical infrastructure when the program first began, the
majority of initially screened and prioritized patients were
the ‘‘sickest of the sick,’’ with many having CD4þ cell counts
below 50 cells=mm3.7–9 These patients consumed considerable
resources as many of them required multiple clinic visits prior
to HAART initiation for stabilization and treatment of active
opportunistic infections, and many also required multiple
hospitalizations. Such ‘‘late presenters’’ are at heightened risk
of clinical events while their CD4þ cell count values are low,
and those who initiate HAART with very low CD4þ cell
counts are reported to be less likely to have a sustained vi-
rologic response compared to patients starting at higher
baseline CD4þ cell counts.10–12 Although other studies have
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documented the response to HAART among patients with
low baseline CD4þ cell counts,13–15 these studies were con-
ducted primarily among cohorts of HAART-treated HIV-1B
infected patients in Western Europe and the United States. As
countries in Africa are rolling out antiretroviral treatment
programs, more information is needed about the overall re-
sponse to HAART among this group of severely immuno-
compromised adults.

We report our experience with the first group of severely
immunosuppressed antiretroviral (ARV)-naive adults initi-
ated on HAART as part of Botswana’s national ARV treat-
ment program. The overall impact of HAART in this setting,
including clinical outcomes and laboratory evaluation, is
presented.

Materials and Methods

Patient population and procedures

The patients were seen at the Adult Infectious Disease Care
Clinic (IDCC) of Princess Marina Hospital established for
outpatient care of HIV-1-infected adults. Patients with AIDS-
defining illnesses and=or CD4þ cell count <200 cells=mm3

were offered HAART in accordance with existing Botswana
National Antiretroviral Treatment Guidelines.16 Of the 1983
patients registered in the IDCC between January 23, 2002 and
November 18, 2002, 349 were antiretroviral naive with CD4þ

cell counts less than 50 cells=mm3 prior to HAART initiation.
We enrolled the first 349 ARV-naive adult patients with CD4þ

cell counts less than 50 cells=mm3 at baseline who initiated
HAART at the IDCC. These patients initiated HAART
between February 6 and March 31, 2002.

The recommended first line regimens for adult patients in
Botswana in 2002 were combivir (zidovudine plus lamivu-
dine) (CBV) and either efavirenz (EFV) for all men and for
women without reproductive potential or nevirapine (NVP)
for women with reproductive potential. A few patients were
initiated on didanosine, lamivudine, or stavudine in combi-
nation with either EFV or NVP, if they had preexisting ane-
mia, defined as baseline hemoglobin of less than 7.0 g=dl.

At the initial visit, patients’ basic demographic information
and the date of the first positive HIV test were recorded. All
patients underwent a comprehensive medical history and
physical examination, including body weight measurement.
The baseline tests included complete blood count, CD4þ cell
count, plasma HIV-1 RNA, liver function tests, albumin,
blood urea nitrogen (BUN), and serum creatinine. CD4þ cell
counts obtained at CD4þ cell count screening clinics within
3 months prior to registering at the IDCC were used to de-
termine the need for HAART initiation, unless patients had an
AIDS-defining illness, which immediately qualified them for
HAART initiation. Chest radiography was performed on all
patients and three sputum specimens for acid-fast bacilli were
obtained when clinically indicated. Patients found to have
syphilis, tuberculosis, or HIV-associated medical conditions
were treated in accordance with national guidelines. After
their initial visit, all patients were scheduled to return within
2 weeks for HAART initiation.

All patients initiated on nevirapine-containing HAART
were scheduled to return to the IDCC 2 weeks following
HAART initiation for blood draw (AST and ALT) and dose
escalation from 200 mg once daily to 200 mg twice daily. One
month following HAART initiation, all patients returned for

adherence education and review and blood was drawn for
chemistry and hematology. Subsequently, blood was drawn
for hematology and chemistry at months 2 and 3 and then
every 3 months thereafter. CD4þ cell count was repeated
at 3 months and then every 3 months thereafter where pos-
sible. Blood was obtained for HIV-1 RNA at 3 months and
if, when compared to baseline, there was ‘‘adequate’’ viral
suppression (defined as a 1.0 log or greater reduction in
plasma HIV-1 RNA), then plasma HIV-1 RNA determinations
were obtained every 6 months thereafter. Patient weight was
measured at baseline and quarterly thereafter. Abnormal
laboratory results were flagged and attended to by the treat-
ing physician. All patients who missed three consecutive
scheduled clinic visits were contacted by phone or at home
and were requested to come to the IDCC. If the patient could
not be reached, their designated contact person was called. If
unsuccessful after two such attempts, they were considered
lost to follow-up. The hospital (for in-patient deaths) or the
patient’s family for those who died outside the facility notified
the clinic of patients’ deaths. Patients were asked to designate
a family member or friend as an ‘‘adherence partner’’ to aid
with antiretroviral medication adherence and potential tox-
icity recognition. This ‘‘partner’’ was usually a spouse, family
member, or close friend. The partner helped remind the
patient to take ARV medications and to attend scheduled
appointments. Patients were given sufficient ARV medication
supplies to last 30 days with an additional 3 day supply to
cover emergencies.

Laboratory methods

All patients had a confirmed positive HIV-1 enzyme-linked
immunosorbent assay or rapid HIV test at enrollment that
was performed at public voluntary counseling and testing
centers, government clinics=hospitals, or in private practi-
tioner clinics. Plasma HIV-1 RNA was quantified using the
Amplicor HIV-1 Monitor test version 1.5 (Roche Diagnostics
Systems, Branchburg, NJ). The lower limit of quantification is
400 copies=ml and the upper limit is 750,000 copies=ml for this
assay. CD4þ cell counts were determined within 4 h of ob-
taining the blood sample using the FACSCalibur� flow cyt-
ometer (Becton Dickinson, San Jose, CA) with CD3=4=8=45
Multiset reagents.

Data collection and statistical analysis

Data were obtained from clinical charts and the electronic
integrated patient management system (IPMS) that was
maintained in Microsoft Access. Charts of all consecutively
seen adults who initiated HAART between January 23 and
November 18, 2002 at the IDCC were reviewed until 350
patients initiating HAART with CD4 <50 cells=mm3 were
identified for study inclusion. One patient was excluded
because he did not actually initiate HAART prior to death.
Clinical and laboratory information was abstracted into Mi-
crosoft Excel and exported to SAS 8.2 (SAS Institute Inc. Cary,
NC) for analysis.

We used all available follow-up data in the analysis starting
from time of HAART initiation. If the patient stopped or
changed treatment his data were included according to his
initial regimen. However, changes in CD4þ cell count and
body weight and percentage with detectable HIV-1 RNA in-
cluded only patients in active follow-up. For each patient,
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time was counted from HAART initiation. Kaplan–Meier
methods were used to estimate survival and loss to follow-up
distributions, and group comparisons of survival were made
using the log-rank test. Cox regression was used to calculate
hazard ratios and to identify independent predictors of sur-
vival, loss to follow-up, and death.. The following factors
were included in a multiple Cox regression model: CD4 count
(continuous scale), log-transformed HIV-1 RNA (continuous
scale), sex, WHO clinical stage 4, and HAART regimen (see
Table 1). All statistical tests were two-sided at the 0.05 sig-
nificance level and no adjustments were made for multiple
comparisons.

Ethical approval was obtained from the Princess Marina
Hospital Institutional Research and Ethics Committee, the
Health Research Development Unit (Ministry of Health,
Botswana), and the Harvard School of Public Health’s Human
Subjects Committee (HSC).

Results

Patient characteristics

The median age was 35 years (range 17–68) and 59% were
women (Table 2). The median body weight was 53 kg for men
and 48 kg for women and the median body mass index (BMI)
was 17.0 kg=m2. Ninety percent had WHO clinical stage 3 or 4
disease. The median CD4þ cell count was 22 cells=mm3 (range
0–49) and plasma HIV-1 RNA was 534,000 copies=ml (range
12,200–750,000). Eighty-five percent of the HAART-treated
men were treated with CBV=EFV and 70% of the HAART-
treated women were treated with CBV=NVP. The median
follow-up was 1.2 years (range 0–692 days). Four patients
transferred to other public ARV treatment sites and 44 were
lost to follow-up. At 1 year, 13.5% (95% CI: 9.6%, 17.1%) (Fig.
1a) were lost to follow-up.

Response to treatment

The mean increase in CD4þ cell count 3 months after
initiation of HAART was 135.5 cells=mm3 (95% CI: 123.8,
147.3) and after 12 months was 239.8 cells=mm3 (95% CI:

217.0, 262.6, p< 0.001). The mean absolute CD4þ cell count
12 months after treatment initiation was 262.6 cells=mm3 (95%
CI: 239.4, 285.9) (Fig. 1b)

While all patients had detectable HIV-1 RNA at initiation,
88.2% (95% CI: 83.6%, 91.6%) were virologically suppressed
(defined as HIV RNA # 400 copies=ml) at month 3 and 92.1%
(95% CI: 87.8%, 94.9%) at month 9 (as treated). This declined
to 64.2% (95% CI: 59.0%, 69.0%) at month 3 and 59.9% (95%
CI: 54.7%, 64.9%) at month 9 when those patients who died or
were lost to follow-up was classified as not achieving viro-
logic suppression (Fig. 1c). The mean weight gain for those
followed for 12 months after initiating treatment was 10.6 kg
(95% CI: 9.1, 12.1, p< 0.001) (Fig. 1d). Men had a mean weight
gain of 8.1 kg (95% CI: 6.1, 10.2) and women had a mean
weight gain of 12.1 kg (95% CI: 10.1, 14.2) at 12 months.

Survival

Seventy-eight percent (95% CI: 73.7%, 82.9%) of patients
survived 1 year. Most deaths occurred early following
HAART initiation. Thus of 70 persons that died during the
first year, 34% died in the first month, 50% died in the first 2
months, and 71% died in the first 3 months of initiation of
HAART. Univariate analysis showed survival varied by
CD4þ cell count. Among patients having baseline CD4þ cell
counts of less than or equal to 10 cells=mm3, 66.7% (56.4%,
78.8%) were alive at 1 year compared to 81.4% (76.1%, 86.0%)
of patients with baseline CDþ cell counts between 11 and
49 cells=mm3 ( p¼ 0.010) (Fig. 2). The hazard ratio for death
comparing those with CD4þ count less than or equal to
10 cells=mm3 vs. those with 11–49 cells=mm3 was 1.91 (95% CI:
1.16, 3.14). CD4þ cell count at baseline measured on a con-
tinuous scale was even more predictive of death ( p¼ 0.003)
(see Table 1). Baseline CD4þ cell count and WHO clinical stage
4 were independent risk factors for death in adjusted models.
A 10 cell=mm3 higher CD4þ cell count corresponded to a 22%
decrease in hazard of death [HR¼ 0.78 (0.64, 0.94)] ( p< 0.001)
and those who were WHO clinical stage 4 had a relative
hazard of death of 2.41 (1.32, 4.38) compared to those in
stages 1–3 ( p¼ 0.002). Baseline plasma HIV-1 RNA was not

Table 1. Cox Regression Models

Univariate models Adjusted model

Characteristic Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value

CD4 count (HR is for 10 cell=mm3 higher count) 0.75 (0.62, 0.91) 0.003b 0.78 (0.64, 0.94) <0.001b

Log HIV-1 RNA (HR is for 1 log copy=ml higher value) 0.58 (0.33, 1.01) 0.062b 0.69 (0.39, 1.22) 0.21b

Sex
Female 0.83 (0.52, 1.33) 0.43a 0.68 (0.33, 1.38) 0.28b

Male 1.00 (referent) 1.00 (referent)
WHO clinical stage

1–3 1.00 (referent) <0.001a 1.00 (referent) 0.002b

4 2.49 (1.42, 4.36) 2.41 (1.32, 4.38)
HAART regimenc

CBVþNVP 0.84 (0.51, 1.39) 0.49b 1.36 (0.64, 2.90) 0.58b

CBVþEFV 1.00 (referent) 1.00 (referent)

ap-value from log-rank test.
bp-value from likelihood ratio test.
cAn indicator for other HAART regimens was included in the model but results are not displayed because of the small number of patients

on these regimens.
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Table 2. Baseline Characteristics of Study Population (n¼ 349)a

Characteristic
Total

n¼ 349
Men

n¼ 144
Women
n¼ 205

Age (years): median (min, max) 35 (17, 68) 36 (17, 64) 34 (19, 68)
Weight (kg): median (min, max) 50 (25, 92) 53 (29, 76) 48 (25, 92)
BMI (kg=m2): median (min, max) 17 (10, 35) 17 (11, 25) 18 (10, 35)
WHO clinical stage: N¼ 343 (%)

1 9 (3%) 2 (1%) 7 (4%)
2 25 (7%) 10 (7%) 15 (7%)
3 100 (29%) 39 (28%) 61 (30%)
4 209 (61%) 90 (64%) 119 (59%)

CD4þ cell count (cells=mm3):
median (min, max) 22 (0, 49) 22 (0, 48) 22 (1, 49)

HIV-1 RNA (copies=ml): 534,000 451,000 624,000
median (min, max) (12,200, $750,000) (12,200, $750,000) (20,100, $750,000)

aAge was available for N¼ 348, weight for N¼ 333, BMI for N¼ 126, WHO clinical stage for N¼ 343, CD4þ cell count for N¼ 349, and HIV-1
RNA for N¼ 343 patients studied.
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FIG. 1. (a) Kaplan–Meier lost to follow-up estimate. (b) Change in absolute CD4þ cell count following HAART Initiation
(95% CI). (c) Percentage with undetectable plasma HIV-1 RNA following HAART initiation. Solid line is among those alive
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an independent predictor of death in adjusted models
( p¼ 0.21). No significant differences in survival by initial
HAART regimen was observed in unadjusted or adjusted
models HR¼ 0.84 (95% CI: 0.51, 1.39) and 1.36 (95% CI: 0.64,
2.90), respectively.

Loss to follow-up

Patients with WHO stage 4 were approximately twice as
likely [HR¼ 2.03 95% CI: (1.01, 4.03), p¼ 0.040] to be lost to
follow-up, and those taking CBVþEFV were marginally
more likely to be lost to follow-up than those on CBVþNVP
[HR¼ 1.91 95% CI: (0.98, 3.74), p¼ 0.054]. An multiple Cox
regression model that included WHO stage 4 and HAART
regimen showed that WHO stage 4 was a marginally signif-
icant predictor ( p¼ 0.074) but HAART regimen was not
( p¼ 0.11). However, the adjusted hazard ratios were similar
to unadjusted hazard ratios. We also investigated death=long-
term follow-up (LTFU) as a composite endpoint. Results were
similar to the death endpoint; WHO stage 4 and CD4 cell
count were significant predictors of death=LTFU.

Discussion

We believe this to be the first study to be able to stratify
treatment outcomes based on CD4þ cell counts less than or
equal to 10 compared to 11–49 cells=mm3 in sub-Saharan
Africa. Despite the availability of a large-scale national
antiretroviral treatment program in Gaborone and well-
established referral networks from inpatient medical wards
and CD4þ screening clinics, large proportions of patients still
had significantly advanced immunosuppression at their time
of initial presentation when this study was conducted. Such
patients (with baseline CD4þ cell counts less than 50 cells=
mm3) were referred to as ‘‘late presenters.’’ Despite late pre-
sentation, the 1-year immunologic (mean CD4þ cell count
increase of 239.8 cell=smm3) and virologic response (92.1%
with undetectable HIV-1 RNA levels) to HAART among these
‘‘late presenters’’ is impressive and is comparable to that re-
ported elsewhere.17–23 However, their overall survival rates
are somewhat reduced when compared to the initial group
of Botswana adults who initiated HAART in accordance
with national guidelines, namely those with an AIDS-defining
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illness and=or CD4þ cell count <200 cells=mm3.24 Among pa-
tients in the national program with baseline CD4 counts
<50 cells=mm3, 89% were reported alive at 1 year, which is
substantially higher than the 67% of those with baseline CD4
#10 cells=mm3 described here but similar to survival rates
reported in West African cohorts.25,26 Among 153 ‘‘late pre-
senters’’ treated with different protease inhibitor (PI)-sparing
HAART regimens as part of the adult IDCC pilot program in
Botswana,24 the 1-year survival rate of 84.7% (95% CI: 79.0%,
90.8%) is slightly higher than what we report. When strati-
fied by baseline CD4þ cell counts less than 50 cells=mm3

versus those with baseline CD4þ cell counts between 50 and
200 cells=mm3, those with a CD4þ cell count less than
50 cells=mm3 had a 3.2-fold higher risk of mortality. Our data
also show significantly higher mortality rates when we
stratify by baseline CD4þ cell count, namely #10 cells=mm3

versus 11–49 cells=mm3.
The majority of deaths occurred within the first 3 months of

HAART initiation as has been reported elsewhere, and risk of
death was elevated among those having advanced clinical
disease, namely WHO clinical stage 4 disease and low base-
line CD4þ cell counts.27–31 Other studies have identified tu-
berculosis, wasting syndrome, invasive bacterial and fungal
infections, and immune reconstitution disease as common
causes of early mortality in patients who initiate HAART with
low CD4 counts.30,32,33 Severe immunosuppression is associ-
ated with disseminated and subclinical infections that become
apparent or deteriorate as pathogen-specific immune re-
sponses are restored and may contribute to the high mortality
seen after HAART initiation.34 In about 50% of cases, the
disease leading to death is present even before the initiation of
HAART.35 Overall, initiating HAART with CD4þ counts less
than 50 cells=mm3 has been associated with a poorer progno-
sis, with mortality reported to be six times higher than among
individuals with CD4þ counts of at least 200 cells=mm3.36

The comparisons we report should be interpreted with
caution because they are not randomized comparisons (in-
cluding the fact that most men received EFV and women
NVP), data were collected retrospectively, and there was
considerable missing data. There is potential bias in survival
due to those lost to follow-up being more likely WHO stage 4
or CBVþEFV count patients. It is possible that those patients
with poorer prognosis are more likely to be lost to follow-up
so we may be overstating improvements in CD4þ cell counts,
HIV-1 RNA, weight gain, and rates of survival. These analy-
ses also rely on the patient tracking database to be up to date
in terms of death, loss to follow-up, and transfer designations
and dates. In addition, adherence data were not routinely
documented in this care setting.

Only four outcomes were analyzed: CD4 count, plasma
HIV-1 RNA, body weight changes, and mortality rates. Al-
though anemia and low BMI are associated with mortality,37

we did not include them in our analysis. We did not collect
data on HAART toxicities and immune reconstitution dis-
ease (IRD), both of which are important confounding fac-
tors. Data were collected on opportunistic infections (OIs) but
were excluded from analysis because we could not distin-
guish incident from prevalent OIs in this retrospective anal-
ysis. This may limit the generalizability of our findings. We
have not reported on causes of death because autopsies were
not routinely conducted to ascertain the definitive causes of
death.

In conclusion, ‘‘late presenters,’’ whom we define within
the context of sub-Saharan Africa as patients who first present
for HAART initiation with baseline CD4þ cell counts of less
than 50 cells=mm3, still have favorable responses to HAART
as defined by immunologic and virologic responses, and
survival rates compared to other HAART-treated cohorts.
These successful outcomes are a significant finding in a setting
in which high proportions of patients present late for HIV
diagnosis and treatment.
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