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Abstract

CD4 counts increase during the postpartum period and may not correctly identify HAART-eligible HIV-positive
women. HAART eligibility when defined by two CD4 cutoffs (<200 and <350 cells=ml) measured at two time
points (within 96 h of delivery and 6 weeks) in postpartum HIV-positive women was compared. Among HIV-
positive women who had CD4 at delivery and 6 weeks (n¼ 423), time to Stage 3 or 4 opportunistic infection or
death was compared using Cox regression between three groups of women: (1) CD4 <200 cells=ml at delivery
and 6 weeks, (2) CD4 <200 cells=ml at delivery but �200 cells=ml at 6 weeks, and (3) CD4 �200 cells=ml at delivery
and at 6 weeks. The analysis was repeated using the CD4 <350 cells=ml cut-off. CD4 counts increased by a
median (IQR) of 70 (1–178) cells=ml between delivery and 6 weeks and decreased thereafter to approximately
delivery levels at 12 months. Only 60% and 61% who had CD4 <200 cells=ml and CD4 <350 cells=ml, respectively,
at delivery also had those levels at 6 weeks. Among those with CD4 <350 cells=ml at both delivery and 6 weeks,
the risk of death or Stage 3 or 4 disease was 5.27 (95% CI 1.85–14.96) times higher than those with CD4 <350 at
delivery but �350 cells=ml at 6 weeks. The use of CD4 counts immediately postpartum to define HAART
eligibility may lead to substantial misclassification.

Introduction

In the course of HIV infection, plasma CD4 cell counts
decrease on average 75 cells=ml per year.1 Conversely, CD4

cell counts rise in women following pregnancy, due to reso-
lution of physiologic hemodilution in both HIV-uninfected
and HIV-infected women.2–4 The WHO guidelines currently
recommend CD4 <200 cells=ml as an absolute indication of
highly active antiretroviral therapy (HAART) initiation and
CD4 <350 cells=ml as a benchmark to consider treatment.5,6

A recent publication reported that using CD4 counts at 32
weeks of gestation as HAART eligibility criteria leads to
substantial misclassification of HAART eligibility when
compared to CD4 values at 1 month postpartum.7 Using
WHO clinical staging and CD4 counts, 28.3% of women in this
study were HAART eligible according to their baseline CD4
values whereas only 17.2% were eligible according to their
postpartum CD4 values. The authors pointed out that CD4
percentage may be a more accurate indicator of immune
status in pregnant and postpartum women than absolute CD4
since the former is less affected by hemodynamic changes
associated with pregnancy and postpartum. Misclassification

of HAART eligibility or premature initiation of HAART may
lead to increased viral resistance, waste of resources, non-
compliance, and unnecessary adverse events.8–12 In this arti-
cle, we describe the change in absolute CD4 cell count
postpartum up to 12 months and the potential misclassifica-
tion of HAART eligibility if using CD4 cell counts measured
immediately postpartum.

Materials and Methods

ZVITAMBO trial

Details of the ZVITAMBO trial have been previously
published.13–15 Briefly, 14,110 mother–infant pairs were re-
cruited within 96 h of delivery in greater Harare, Zimbabwe
between November 1997 and January 2000. Mothers were
eligible if they did not have a life threatening condition and
had planned to stay in Harare after enrollment. Written in-
formed consent was obtained. Baseline characteristics were
collected from hospital records and a questionnaire. Follow-
up was conducted at 6 weeks and 3 months and 3-monthly
intervals through 12–24 months. At delivery, women were
tested for HIV by an algorithm incorporating two parallel

1Johns Hopkins Bloomberg School of Public Health, Department of International Health, Baltimore, Maryland.
2ZVITAMBO Study Team, Harare, Zimbabwe.

AIDS RESEARCH AND HUMAN RETROVIRUSES
Volume 26, Number 5, 2010
ª Mary Ann Liebert, Inc.
DOI: 10.1089=aid.2009.0138

547



ELISAs and Western blot. CD4 cells were counted by FACS-
count (Becton Dickinson). Among a randomly selected sub-
group of approximately 10% of HIV-positive women, CD4
cells were also counted at 6 weeks and at 3, 6, 9, and 12
months. Weight was measured at each follow-up visit but not
at delivery. At each visit, a 7-day morbidity history was eli-
cited that included oral thrush and chronic diarrhea, and
mothers were asked if they had been hospitalized or visited a
clinic for treatment of an illness since their previous visit.

The causes and dates of these health care visits were de-
termined from medical records, if available, or by maternal
history. Data were available to identify the following Stage 3
opportunistic infections: chronic diarrhea, recurrent or per-
sistent oral candidiasis (presence of at least two oral thrush
episodes during follow-up with a �14 days interval between
the two episodes), pulmonary tuberculosis (TB), and severe
bacterial infections (e.g., pneumonia, meningitis, and sepsis).
All severe bacterial infections were diagnosed at a clinic or
hospital. Data were available to identify the following Stage 4
opportunistic infections: HIV wasting syndrome (simulta-
neous presence of �10% weight loss relative to any previous
weight measurement during study and chronic diarrhea as
defined in Stage 3), recurrent severe pneumonia (�2 episodes
of pneumonia during follow-up with �14 days interval be-
tween the two episodes), esophageal candidiasis, extra-
pulmonary TB, and Kaposi’s sarcoma (all diagnosed during a
clinic visit or hospitalization). Antiretroviral therapy (ART)
was not available during the trial either as prophylaxis or
treatment.

Statistical analysis

Statistical analysis was conducted using Stata Version 9.2
(StataCorp LP, Texas). Overall, 14,110 women were recruited
and 4495 women were HIV positive at delivery. CD4 was
counted at follow-up in a random subsample of approxima-
tely 10% of the HIV-positive women. To describe accurately
the postpartum trajectory of CD4 counts in the first year, we
restricted analyses that involved delivery, 6 week, and 12
month data to those with CD4 data at all those time points.
Wilcoxon signed rank tests were used to test change in
CD4 distribution between delivery and 6 weeks or 12 months
and between 6 weeks and 12 months. McNemar’s test was
used to test pairwise changes in the proportion of those
with CD4 <200 or <350 cells=ml at delivery, 6 weeks, and 12
months.

We also calculated the sensitivity, specificity, positive and
negative predictive value, and 95% confidence intervals using
information on 423 women who had CD4 measured at both
delivery and 6 weeks. We considered CD4 counts at 6 weeks
to be the gold standard indicator of immune status at delivery
and used CD4 cut-off points of 150, 175, and 200 cells=ml and
300, 325, and 350 cells=ml at delivery to assess its correlation
with, and sensitivity, specificity, and predictive values in
identifying CD4 counts with cut-off points of 200 and 350
cells=ml at 6 weeks, respectively, among 423 women who had
CD4 data available at both time points. Finally, Kaplan–Meier
methods were also used to estimate cumulative risk of Stage 3
or 4 disease or death by CD4 count at delivery and 6 weeks.

The 423 women who had CD4 counts at delivery and
6 weeks were divided into three groups: (1) CD4 <200
cells=ml at delivery and 6 weeks, (2) CD4 <200 cells=ml at

delivery and CD4 �200 cells=ml at 6 weeks, and (3) CD4
�200 cells=ml at both delivery and 6 weeks. The censoring
date was the last date of follow-up, the first date in which
Stage 3 or 4 disease was identified, or the date of death,
whichever occurred earlier. We assessed the time to Stage 3
or 4 disease or death between 6 weeks and 24 months using
the Cox proportional hazards model and present the 95%
confidence intervals. The analysis was repeated by using the
CD4 <350 cells=ml cut-off point.

Ethical approval

Ethical approval was granted from the Medical Research
Council of Zimbabwe, Medicines Control Authority of Zim-
babwe, the Committee on Human Research of the Johns
Hopkins University Bloomberg School of Public Health, and
the Ethics Committee of the Research Institute of the McGill
University Health Center.

Results

A total of 226 women had complete CD4 count information
at delivery, 6 weeks, and 12 months. The median (IQR)
number of days between delivery and blood sampling at 6
weeks and 12 months was 43 (42–46) days and at 12 months
was 365 (365–368). As illustrated in Fig. 1, the median CD4 cell
count increased between delivery and 6 weeks but gradually
decreased by about the same magnitude between 6 weeks and
12 months such that the counts at delivery and 12 months did
not significantly differ. Among the 27 women who had CD4
<200 cells=ml at delivery, 12 (44.4%) had CD4 �200 cells=ml at
6 weeks and among these 12 women, 7 (58.3%) still had CD4
�200 cells=ml at 12 months. Among the 78 women who had
CD4 <350 cells=ml at delivery, 34 (43.6%) had CD4 �350
cells=ml at 6 weeks and among these 34 women, 21 (61.8%) still
had CD4 �350 cells=ml at 12 months (Table 1).

Between delivery and 6 weeks postpartum, CD4 cell count
increased in 75.5% (170=226) of the women (Fig. 2). Between
delivery and 12 months partum, CD4 cell count increased in
46% (104=226) and decreased in 54% (122=226) of the women.
In contrast, 179 (79.2%) women had lower CD4 counts at 12
months than at 6 weeks. At 6 weeks, a smaller proportion of
women had CD4 values of <200 cells=ml (6.6% vs. 12.0%;
p¼ 0.0005) or <350 cells=ml (22.1% vs. 34.5%; p¼ 0.0000)
compared to delivery. However, at 12 months, the propor-
tions of women with CD4 <200 cells=ml and CD4 <350
cells=ml were not different compared to delivery (12.0% vs.
12.0%; p¼ 1.0000 and 35.0 vs. 34.5%; p¼ 1.0000), respectively.
Based on the finding that CD4 counts on average increase
between delivery and 6 weeks, we investigated the utility of
using lower CD4 cut-off points at delivery than the conven-
tional cut-off points of 200 and 350 cells=ml to identify HAART
eligible women. Among those who had CD4 counts <150
cells=ml at delivery, 83% of the women also had CD4 counts
<200 cells=ml at 6 weeks but only 60% of the women who had
CD4 <200 cells=ml at delivery also had CD4 <200 cells=ml at 6
weeks (Table 2, see PPV values). However, CD4<150 cells=ml
at delivery identified only 79% of women who had CD4<200
cells=ml at 6 weeks whereas CD4 <200 cells=ml at delivery
correctly identified 91% (Table 2, see Sensitivity values). The
positive predictive values of all delivery cut-off points in
identifying women with CD4 <350 cells=ml at 6 weeks were
low (61–68%).
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As shown in Fig. 3, women with CD4 counts that were
<200 cells=ml at delivery and remained so at 6 weeks had
the highest risk of death or Stage 3 or 4 opportunistic in-
fection (HR 5.57; 95% CI 3.11–9.98; p¼ 0.000) compared to
those who had CD4 �200 cells=ml at both time points.
Compared to women who started with CD4 counts <200 at
delivery and then had CD4 counts �200 cells=ml at 6 weeks,
the risk of death or Stage 3 or 4 disease in women with
persistently low CD4 counts at both delivery and 6 weeks
was higher but not statistically significant (HR 2.84; 95% CI
0.96–8.45; p¼ 0.060). Having CD4 counts <350 cells=ml at
both time points was also associated with a significantly
higher risk (HR 5.27; 95% CI 1.85–14.96; p¼ 0.002) com-
pared to those with CD4 <350 cells=ml at delivery and CD4
�350 cells=ml at 6 weeks.

Discussion

We have demonstrated that the majority of HIV-infected
women in this cohort had higher CD4 counts at 6 weeks
postpartum than they did within 4 days of delivery. Forty
percent (26=65) of women with CD4 counts <200 cells=ml
shortly after delivery had counts of >200 cells=ml at 6 weeks
postpartum indicating that using CD4 count immediately
postpartum as HAART eligibility criteria could lead to sub-
stantial misclassification of HAART eligibility. The magnitude
of CD4 increase observed between delivery and postpartum
was similar to other studies conducted in Africa.2–4,7 In our
study, the proportion with CD4 counts<200 and<350 cells=ml
at delivery was 15.4% and 39.2%, respectively, and this de-
creased to 10.2% and 26.7%, respectively, by 6 weeks.
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FIG. 1. Median and interquartile ranges of CD4 cell counts at delivery, 6 weeks, and 3, 6, 9, and 12 months postpartum.
Only those who had information on CD4 counts at delivery, 6 weeks, and 12 months are included.

Table 1. Postpartum CD4 Change in HIV-Positive Women
a

N¼ 226 (total) Delivery 6 weeks 12 months

Median (IQRb) (cells=ml) 448 (293–651) 553 (362–727) 432 (312–602)
Median difference from

delivery (IQR) (cells=ml)
70 (1–178)c �14 (�125–77)

Median difference from
6 weeks (IQR) (cells=ml)

�87 [�187–(�14)]c

aThe 226 women who had CD4 count available at delivery, 6 weeks, and 12 months are included.
bIQR, interquartile range.
cSignificantly different from 0 by sign rank test ( p< 0.05).
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A study conducted in Ivory Coast with similar sample size
also found similar results where 17.8% and 48.3% of the
women had CD4 <200 and <350 cells=ml at 32 weeks gesta-
tion but at 1 month postpartum the proportion decreased to
9.5% and 28.9%, respectively.7 Our study showed that CD4
200 and 350 cells=ml cut-off points at delivery correctly iden-
tified only 60% (95% CI 47–72) and 61% (95% CI 54–69) of
women who had CD4 counts less than the same cut-off at 6
weeks. Of note, our study provides additional information
regarding the association between CD4 counts obtained early
during the postpartum period and risk of progression of HIV.
We demonstrated that those who were HAART eligible based
on CD4 counts at delivery but no longer so based on values at
6 weeks had a lower risk of Stage 3 or 4 opportunistic infec-
tions or death compared to those who were persistently
HAART eligible at both time points.

The initiation of HAART is based on clinical, immunologic,
and virologic indications, which in turn are associated with risk
of progression of HIV. The consequences of initiation of
HAART in those who are not in need of it for their health
include potential unnecessary adverse events and depletion
of scarce resources in settings with limited treatment
options.10,11,16 In our study, the proportion of women who
were HAART eligible by the CD4 200 and 350 cells=ml cut-off
points was almost identical at delivery and 12 months, mean-
ing that values at delivery are a reflection of CD4 counts after 1

year. This finding was not surprising since it is known that CD4
counts decrease on average 75 cells=ml per year1 and the me-
dian increase in CD4 counts between delivery and 6 weeks that
we observed was 70 cells=ml. Also, more than half of the women
who were HAART eligible at delivery but no longer so at 6
weeks were not HAART eligible even by 12 months.

The following may be proposed as possible solutions to
correctly identify women during the postpartum period who
would be in need of long-term HAART. First, although pre-
dictive values are known to be influenced by prevalence, we
investigated the possibility that use of lower CD4 values than
the conventional CD4 cut-off points for HAART eligibility at
delivery might lead to less misclassification or higher positive
predictive values. Compared to the conventional cut-off point
of CD4 200 cells=ml, use of 175 cells=ml increased the positive
predictive value from 60% to 72% while maintaining the same
sensitivity of 91%. However, compared to the 350 CD4 cell=ml
cut-off point, the positive predictive value increased only
from 61% to 68% by using a 300 CD4 cell=ml cut-off point at the
expense of lowering the sensitivity from 90% to 78%. Because
this low level of sensitivity is not acceptable, we could not
identify any cut-off point that might be of any benefit for the
CD4 350 cells=ml cut-off point. Since women generally return
to the clinic at 6 weeks for a postnatal health care visit for
themselves and a vaccination for their infant, this would be a
convenient time to check their CD4 count and then make
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FIG. 2. Scatter plot of plasma CD4 counts at delivery, 6
weeks, and 12 months. The diagonal line corresponds to
y¼ x. The dashed line is a reference line for CD4 350 cells=ml.
It is restricted to the 226 women who had CD4 count at
delivery, 6 weeks, and 12 months.
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a treatment decision. Finally, it has been reported that
CD4 percentage rather than absolute CD4 value is a better
indicator of immune status as it remains stable even in the
presence of hemodilution.2,7 CD4 percentage is used to decide
HAART eligibility in children17 and further studies on the
utility of this indicator in pregnant and postpartum women in
deciding HAART eligibility are warranted.
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Table 2. Number and Percentage of Women by CD4 Cutoffs 200 and 350 Cells=ml and Time Postpartum
a

CD4 at delivery
(cells=ml)

CD4 at 6 weeks (n)
(cells=ml)

Sensitivity
(95% CI)

Specificity
(95% CI)

PPVb

(95% CI)
NPVb

(95% CI)

<200 �200

<200 39 26 91 (78–97) 93 (90–95) 60 (47–72) 99 (97–100)
�200 4 354
<175 39 15 91 (78–97) 96 (94–98) 72 (58–84) 99 (97–100)
�175 4 365
<150 34 7 79 (64–90) 98 (96–99) 83 (68–93) 98 (96–99)
�150 9 373

<350 �350

<350 102 64 90 (83–95) 79 (74–84) 61 (54–69) 96 (92–98)
�350 11 246
<325 97 53 86 (78–92) 83 (78–87) 65 (56–72) 94 (91–97)
�325 16 257
<300 88 41 78 (69–85) 87 (82–90) 68 (59–76) 91 (88–94)
�300 25 269

a423 women who had CD4 cell counts available at delivery and 6 weeks are included.
bPPV, positive predictive value; NPV, negative predictive value.
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