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We describe CD4 counts at 6-month intervals for 5 years
after combination antiretroviral therapy initiation among
12 879 antiretroviral-naive human immunodeficiency virus-
infected adults from Latin America and the Caribbean.
Median CD4 counts increased from 154 cells/mm3 at base-
line (interquartile range [IQR], 60–251) to 413 cells/mm3

(IQR, 234–598) by year 5.
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Combination antiretroviral therapy (cART) reduces human im-
munodeficiency virus (HIV)-related morbidity and mortality
through suppression of plasma HIV RNA, thus allowing

immune restoration. In clinical trials, approximately 80% of
HIV-infected patients achieve undetectable plasma HIV RNA
within 6 months of cART initiation [1]. Patients typically expe-
rience marked increases in CD4 counts (CD4) during the first 2
years of therapy, followed by smaller but consistent increases
through 3–5 years of treatment. Observational studies show
that improvements in CD4 may persist up to 7–10 years after ini-
tiation of cART in high- and middle-income countries [2, 3]. A
recent review suggested that patients from low-income countries
who remained in follow-up with access to treatment may have
comparable responses to those from high-income countries [4].
These encouraging results likely reflect the best-case scenario as
most published studies from low- and middle-income countries
included only patients alive and in care and therefore did not ad-
equately address mortality and loss to follow-up (LTFU) when
estimating immune response [4]. In the present study, we estimat-
ed CD4 up to 5 years after cART initiation for clinical cohorts in
7 low- to middle-income countries in Latin America and the
Caribbean while correctly accounting for missing data and
LTFU, and we quantified the relevance of CD4 at cART initiation
and at 6 months for predicting CD4 at year 5.

METHODS

Study Population and Outcome Definition
The Caribbean, Central, and South America Network for HIV
Epidemiology (The Caribbean, Central and South America Net-
work for HIV Epidemiology [CCASAnet]) is a consortium of co-
horts from 7 countries (Argentina, Brazil, Chile, Haiti, Honduras,
Mexico, and Peru) to study HIV outcomes [5]. For this study,
cART-naive HIV-infected adults (≥18 years at cART initiation)
initiating cART at CCASAnet sites on or after January 1, 2000 to
December 31, 2011 were included; follow-up was extended to
December 31, 2012 to allow patients at least 1 year of follow-
up. Included patients had to have a CD4 at cART initiation
(baseline), defined as the CD4 closest to cART initiation up to
6 months prior; for missing values, the CD4 closest to cART
initiation up to 3 months after was used.
The outcome of interest was the median CD4 during 6-

month periods in the first 5 years of cART (ie, for 10 periods).
For each period, CD4 encompassed a 6-month window (closest
measurement within 3 months before or after 6, 12, 18, etc.
months post-cART initiation).
For patients who died, end of follow-up was defined as the

date of death, and CD4 for periods occurring after death were
recorded as the lowest-rank (worst) CD4. The rationale for in-
cluding deceased patients after their death date was that an
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analysis including only living patients would overestimate CD4
during the first 5 years. Therefore, our results reflect the ob-
served median CD4 among all patients initiating cART, includ-
ing those who died. This analysis choice is similar to that used
by others [6]. For those not known to have died, end of follow-
up was determined by the last alive date or the end of the 5-year
period. Any unavailable CD4 for a specific 6-month period be-
tween cART initiation and end of follow-up (defined by end of
study, date of death, or last alive date) was defined as missing.

Statistical Analyses
We describe the inverse probability of censoring weighted
(IPCW) semi-annual CD4 after cART initiation as represented
by median and interquartile ranges (IQRs). The inverse proba-
bility of censoring weighted semi-annual CD4 were defined as
those adjusted for missing and LTFU using IPCW [6, 7].
The probability of having a missing CD4 and of being LTFU

were modeled separately by site using pooled logistic regression.
Weights were obtained using fitted models that included demo-
graphic and clinical factors thought to correlate with missing-
ness, LTFU, and CD4, namely study site, age, gender, mode
of HIV transmission, initial ART regimen, pretreatment clinical
stage, clinical trial participation, date of treatment initiation,
and pretreatment CD4 count. Final weights were obtained by
multiplying weights obtained with each model; weights were
truncated at the 99th percentiles (Supplementary Figure 1).
Estimated median CD4 and IQRs were visualized graphically

by stratification variables; to enhance presentation, we provide
data animations accessible online. Inverse probability of censor-
ing weighted median regression was used to quantify the predic-
tive value of baseline CD4 in estimating median CD4 at year 5

while adjusting for covariates. For the subset of patients who
survived and were not LTFU 6 months after cART initiation,
we quantified the ability of CD4 in the first 6-month period
and of CD4 change during the first 6 months to predict CD4
at year 5 in addition to baseline CD4. Restricted cubic splines
were used to relax linearity assumptions. R statistical software
(www.r-project.org version 2.15.2) was used for all analyses.
Analysis scripts are posted at http://biostat.mc.vanderbilt.edu/
wiki/main/archivedanalyses.

RESULTS

Among the study population of 12 879 patients, the median age
was 36 years (IQR, 30–44 years), 59.1% (7617) were male, 25.7%
(3311) had pre-cART acquired immune deficiency syndrome
diagnosis, and 89.4% (11 513) started a nonnucleoside reverse
transcriptase inhibitors-based regimen. Median follow-up was
4.2 years (IQR, 2.5–6.7 years), 1818 (14.1%) were LTFU, and
1279 patients (9.9%) died. Among those patients alive and in care
at 5 years (n = 5211), 56.3% were still on their initial cART reg-
imen, whereas 43.7% had made at least 1 regimen modification
(ie, changed at least 1 drug).
Overall, median CD4 increased from a baseline value of 154

cells/mm3 (IQR, 60–251 cells/mm3) to 259 cells/mm3 (IQR,
158–385 cells/mm3) at 6 months and to 413 cells/mm3 (IQR,
234–598 cells/mm3) by year 5 (Figure 1A). Although CD4 con-
tinued to increase throughout the 5 years, the first 2 years after
cART initiation showed a steeper increase compared to the latter
3 years. Median CD4 at year 5 was 376 cells/mm3 (IQR, 196–
544 cells/mm3), 514 cells/mm3 (IQR, 342–692 cells/mm3), and
625 cells/mm3 (IQR, 416–833 cells/mm3) for those with baseline

Figure 1. Estimated median and interquartile range CD4 count (CD4) by months from combination antiretroviral therapy (cART) initiation for the study
population (A) and stratified by baseline CD4 (B). Dark lines designate the estimated medians, and lighter lines designate the estimated 25th and 75th
percentiles.
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CD4 <200, 200–349, and ≥350 cells/mm3, respectively (Fig-
ure 1B). A supplemental website displays animated figures
showing CD4 response, death, and LTFU over time according
to baseline CD4 and other strata (http://biostat.mc.vanderbilt.
edu/ccasanet/dataviz/cd4_trajectory.htm). In addition, Supple-
mentary Figure 2 compares our IPCW estimates with those
we would have obtained had we not accounted for death and
LTFU: observed median CD4 was 256 cells/mm3 (IQR, 155–
383 cells/mm3) at 6 months and 400 cells/mm3 (IQR, 170–
593 cells/mm3) at year 5. Among the study population with
regular viral load monitoring (at least 1 measurement per
year; n = 4561) and suppressed viral load (all measurements
>6 months after ART initiation <400 copies/mL; n = 3521) ob-
served median CD4 was 296 cells/mm3 (IQR, 177–435 cell/
mm3) at 6 months and 484 cells/mm3 (IQR, 339–670 cells/
mm3) at year 5 (Supplementary Figure 3).
After adjusting for study site, age, gender, mode of HIV

transmission, pretreatment clinical stage, clinical trial participa-
tion, initial ART regimen, and date of treatment initiation, we
observed an approximately linear positive association between
baseline CD4 and median CD4 at year 5 (Supplementary Fig-
ure 4). Study site was also associated with CD4 recovery, with
sites in Argentina, Brazil, Chile, Mexico, and Peru showing
somewhat higher predicted median CD4 at year 5 compared
with sites in Haiti and Honduras. Median CD4 at year 5 was
53 cells/mm3 higher for women than for men (95% confidence
interval [CI], 32–74 cells/mm3) and 43 cells/mm3 higher for
men who reported having sex with other men compared with
those reporting heterosexual sex as their mode of HIV transmis-
sion (95% CI, 22–65 cells/mm3). In addition, older patients had
a lower median CD4 increase compared with those starting
cART in their thirties (P < .001). For the subset of individuals
who survived and were not lost by 6 months (n = 12 056;
93.6%), CD4 at 6 months was found to significantly predict
CD4 at 5 years (P < .001; Supplementary Figure 5), whereas CD4
at cART initiation no longer offered predictive value after ad-
justing for CD4 at 6 months and the other variables. In contrast,
when we included both baseline CD4 and CD4 change during
the first 6 months in the model, in addition to the other covar-
iates, both offered significant predictive value (P < .001 for both;
Supplementary Figure 6).

DISCUSSION

In this study, we estimated CD4 up to 5 years after cART initi-
ation in more than 12,000 patients followed in HIV clinical co-
horts in Latin America and the Caribbean. We found that CD4
continued to improve over 5 years. These results are consistent
with the growing literature that report CD4 at cART initiation is
a determining factor for improved immune response, and pro-
vide further support for early initiation of cART [8]. We found
that baseline CD4 significantly predicted patients’ immune

response at 5 years. In addition, when including both baseline
CD4 and CD4 at 6 months in the model, we found that CD4 at 6
months significantly predicted patients’ immune response at 5
years. In this model, CD4 at 6 months was a better predictor of
CD4 at 5 years because it captured not only the starting point
(CD4 at baseline) but also CD4 response during the first 6
months. Accordingly, the model that included both baseline
CD4 and CD4 change during the first 6 months showed that
both variables were highly predictive of immune response at 5
years. Although HIV RNA measurement is the earliest and
most sensitive indicator of cART efficacy, CD4 at cART initia-
tion and 6 months thereafter is readily available in most middle-
and low-income countries and may facilitate patient care
through early assessment of immune response.
There have been few studies of CD4 response to cART in

Latin America and the Caribbean. Our observed CD4 response
from a median of 154 cells/mm3 at cART initiation to 259 at 6
months to 413 cells/mm3 after 5 years is generally consistent
with that observed in a large multicohort collaboration that in-
cluded Latin American patients (7%) as well as those from Af-
rican and Asian sites (median of 114, 230, and 395 cells/mm3 at
cART initiation, 6 months, and 5 years, respectively; n = 19 967)
[9]. In addition, a study of 5115 cART initiators in Chile report-
ed a CD4 change from a median of 102 cells/mm3 at cART ini-
tiation to 244 and 301 cells/mm3 1 and 5 years after cART
initiation, respectively [10]. Neither study accounted for
LTFU and death thus likely provided overly optimistic estimates
of CD4 response among all cART initiators; however, compared
with data from our study, these estimates do not appear notably
optimistic – in fact, the median CD4 at 5 years in the Chilean
study was actually surprisingly low. Of note, median CD4 at
6 months and 5 years would have been estimated as 256 and
400 cells/mm3, respectively, had we done standard analyses
that ignore LTFU, missing CD4, and death. Although we sug-
gest using methods that properly account for these potential
sources of bias, it is perhaps reassuring to note that, at least in
our study, failing to account for LTFU, missing CD4, and death
would have had little impact on our results.
To date, several studies have reported that the strongest pre-

dictor of long-term CD4 response is baseline CD4, even among
patients with long-term HIV RNA suppression [8, 11]. In addi-
tion, studies have found that women [12] and patients initiating
treatment at younger ages [13] show better CD4 response,
whereas specific cART regimens have not been shown to signif-
icantly impact long-term immune response [14]. Our results
corroborate these findings.
Our study has limitations worth noting. As is the case with

any cohort study, as time passed, the number of individuals
in active follow-up diminished due to death, LTFU, or end-
of-study censoring. To address this limitation, we used inverse
probability of censoring weights to account for missingness and
LTFU; our weights require assuming that models have been
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properly specified and include all relevant common-cause var-
iables [7]. Also, data from the clinical sites evaluated here were
limited to patients from the contributing cohorts and may not
be representative of all patients on cART in those countries. We
were only able to incorporate HIV RNA data on a small propor-
tion of our patients with regular measurements (35%). Finally,
the inclusion criteria limited the study population to those start-
ing treatment on or after 2000 with a baseline CD4, and there-
fore our findings may not be representative of the larger
population of cART initiators.

CONCLUSIONS

In conclusion, we have shown that CD4 continued to increase
up to 5 years after cART initiation and that higher baseline CD4
led to a more robust improved immune response. Our study
population included over 12 000 treated patients followed in
clinical cohorts in Latin America and the Caribbean, and thus
our inferences support early start of cART in low- and middle-
income countries.

Supplementary Material

Supplementary material is available online at Open Forum Infectious Diseas-
es (http://OpenForumInfectiousDiseases.oxfordjournals.org/).
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