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Background: Highly active antiretroviral therapy
(HAART) for human immunodeficiency virus (HIV)-1
infection allows recovery of CD4 T lymphocytes. Few
studies have explored the long-term T-lymphocyte re-
sponses to HAART.

Methods: Plasma HIV-1 RNA levels and CD4 and CD8
T-lymphocyte counts were longitudinally analyzed over
4 years in 2235 participants of the Swiss HIV Cohort, com-
mencing HAART between 1996 and 1997. The CD4 T-
lymphocyte count increase, the percentage of individu-
als with a CD4 T-lymphocyte count of 500/µL or greater
and less than 200/µL, and the determinants of CD4 T-
lymphocyte recovery were evaluated in individuals treated
with continuous (CONT; n=985) and discontinuous
(DISCONT; n=1250) HAART.

Results: At 4 years, 69.5% of subjects (CONT, 84.5%;
DISCONT, 53.6%; P�.001) showed HIV-1 RNA levels
below 400 copies/mL, while the median CD4 T-
lymphocyte count increased from 190/µL to 423/µL
(CONT, 486/µL; DISCONT, 343/µL; P�.001). Of the

2235 participants, 38.8% (CONT, 47.7%; DISCONT,
29.4%; P�.001) reached a CD4 T-lymphocyte count of
500/µL or greater, but in 15.6%, CD4 T-lymphocyte count
remained below 200/µL (CONT, 5.9%; DISCONT, 25.9%;
P�.001). Larger increases in CD4 T-lymphocyte count
were associated with higher baseline HIV-1 RNA, a larger
percentage of undetectable HIV-1 RNA levels, lower base-
line CD8 T-lymphocyte count, and younger age. Indi-
viduals reaching a CD4 T-lymphocyte count of 500/µL
or greater at 4 years were characterized by higher nadir
and baseline CD4 T-lymphocyte counts and a more sus-
tained reduction of HIV-1 RNA levels.

Conclusions: At 4 years, only 39% of individuals treated
with HAART reached a CD4 T-lymphocyte count of 500/µL
or greater, and 16% with CD4 T-lymphocyte counts less
than 200/µL remained susceptible to opportunistic infec-
tions. Treatment interruptions, a poor virologic response,
and older age were the major factors negatively affecting
the recovery of CD4 T lymphocytes.
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H IGHLY ACTIVE antiretrovi-
ral therapy (HAART) has
significantly improved the
prognosis of individuals
infected with human im-

munodeficiency virus (HIV)-1 and ex-
tended life expectancy.1-5 The recovery of
CD4 T lymphocytes in treated persons is
usually accompanied by enhanced T-
lymphocyte responses to antigens and mi-
togens,6-8 providing adequate protection
against opportunistic infections.3,9-11 How-
ever, the immunological recovery shows a
large variability from patient to patient.12-16

A significant proportion of treated subjects
experience only small increases in CD4 T-
lymphocytenumbersdespiteoptimumsup-
pression of plasma HIV-1 viremia by
HAART. In others, CD4 T-lymphocyte
count rapidly rises despite modest reduc-
tionsofplasmaHIV-1RNAlevels.17 Therea-
sons for thesedifferentresponsesremainun-

known.Ithasbeensuggestedthatdifferences
inresidual thymic functionmayplayarole,18

but additional factors may potentially affect
the recoveryofCD4Tlymphocytes, includ-
ing age,19 the degree of immunodeficiency
before initiation of HAART,20 residual viral
activity,21 viral coinfections such as hepa-
titisCorG,22-24 andthesusceptibilityofCD4
T cells to HIV-1 infection, which depends
in part on the expression of the viral co-
receptor CCR5.25-27

Although the long-term recovery of
CD4 T lymphocytes deserves particular at-
tention because of its major clinical signifi-
cance, few studies have addressed this is-
sue. In this investigation, we have evaluated
the long-term T-lymphocyte dynamics over
4 years in 2235 subjects enrolled in the
Swiss HIV Cohort Study, who were in-
fected with HIV-1, and commenced HAART
between 1996 and 1997. In addition, po-
tential predictors of CD4 T-lymphocyte re-

ORIGINAL INVESTIGATION

Author affiliations are listed at
the end of the article.
A complete list of the members
of the Swiss HIV Cohort Study
Group appears in a box at the
end of this article. The authors
have no relevant financial
interest in this article.

(REPRINTED) ARCH INTERN MED/ VOL 163, OCT 13, 2003 WWW.ARCHINTERNMED.COM
2187

©2003 American Medical Association. All rights reserved.



covery above the clinically relevant levels of 200/µL and
500/µL were analyzed, which represent the threshold of
the occurrence of opportunistic infections and the lower
limit of the physiological range.

METHODS

STUDY POPULATION

Individuals of the Swiss HIV Cohort Study were eligible if they
had commenced HAART between January 1996 and December
1997. Highly active antiretroviral therapy was defined as (1) a com-
bination of 2 nucleoside analogue reverse transcriptase inhibi-
tors (NRTIs) in combination with a protease inhibitor or a non-
nucleoside analogue reverse transcriptase inhibitor (NNRTI), (2)
2 protease inhibitors in combination with at least 1 NRTI, (3) a
combination of a protease inhibitor and an NNRTI with at least
1 NRTI, or (4) a combination of 3 NRTIs. Data of 2235 individu-
als (73.9%) were used in the final analysis after excluding 786
individuals (26.0%) owing to missing baseline CD4 and CD8 T-
lymphocytecountsorplasmaHIV-1RNAlevels.Thebaselinevalue
was defined as the last laboratory determination within a period
of 3 months prior to the initiation of HAART.

Most individuals were male (72.8%) and white (86.8%).
The mean±SD values for age and estimated duration of HIV-1
infection (based on the first positive HIV-1 test result) were

38±9 and 7.2±4.1 years, respectively. The cohort was in an
advanced stage of HIV-1 infection. The median baseline CD4
T-lymphocyte count was 190/µL, and a third of patients met
the criteria of Centers for Disease Control and Prevention
(CDC, Atlanta, Ga) stage C. A large percentage of participants
(65%) were pretreated with nucleoside analogue combina-
tions. Additional baseline characteristics are given in
Table 1.

In 1996 and 1997, potent antiretroviral therapy predomi-
nantly consisted of indinavir sulfate, ritonavir, or nelfinavir me-
sylate in combination with 2 nucleoside analogues (Table 2).
During the study period, the proportion of subjects receiving
double protease inhibitor therapy, NNRTI therapy, and com-
bined protease inhibitor and NNRTI therapy increased.

DATA COLLECTION AND STATISTICAL ANALYSIS

Data were extracted from the January 2002 update of the Swiss
HIV-1 Cohort database and included patient characteristics,
treatment history, CD4 and CD8 T-lymphocyte counts, and
plasma HIV-1 RNA levels. Laboratory values were determined
irregularly at 1- to 6-month intervals, of which the 6-month
values were calculated by linear interpolation. These calcula-
tions were based on a mean±SD number of 12.6±5.4 labora-
tory determinations per patient during the observation pe-
riod. Although recently more sensitive assays have become

Table 1. Baseline Characteristics*

Characteristic
Continuous HAART

(CONT; n = 985)
Discontinuous HAART
(DISCONT; n = 1250)

P Value
(CONT vs DISCONT)

All Subjects
(N = 2235)

Sex
Male 734 (74.5) 894 (71.5)

.11
1628 (72.8)

Female 251 (25.5) 356 (28.5) 607 (27.2)
Age, y 38.2 ± 9.0 37.7 ± 9.1 .12 37.9 ± 9.0
Ethnicity

White 451 (87.4) 483 (86.1)

.001

934 (86.7)
Black 37 (7.2) 54 (9.6) 91 (8.4)
Hispanic 13 (2.5) 17 (3.0) 30 (2.8)
Asian 15 (2.9) 7 (1.2) 22 (2.0)
No information 469 689 1158

HCV antibody positive 300 (30.5) 506 (40.5) �.001 806 (36.1)
HBs antigen positive 51 (5.2) 83 (6.6) .07 134 (6.0)
Mode of HIV transmission

Heterosexual 290 (29.4) 342 (27.4)

�.001

632 (28.3)
Homosexual 425 (43.1) 409 (32.7) 834 (37.3)
IV drug use 231 (23.4) 449 (35.9) 680 (30.4)
Blood products 15 (1.5) 17 (1.5) 32 (1.5)
Unknown/other sources 24 (2.4) 33 (2.6) 57 (2.6)

Duration of HIV-1 infection, y 6.8 ± 4.2 7.4 ± 4.1 .03 7.2 ± 4.1
CDC stage

A 377 (38.3) 380 (30.4)
�.001

757 (33.9)
B 343 (34.8) 460 (36.8) 803 (35.9)
C 264 (26.8) 406 (32.5) 670 (30.0)

Pretreated 592 (60.1) 858 (68.6) 1450 (64.9)
Nucleoside analogues 569 (57.8) 833 (66.6)

�.001
1402 (62.7)

PI 22 (2.2) 24 (1.9) 46 (2.1)
NNRTI 1 (0.1) 1 (0.1) 2 (0.1)

Duration of pretreatment, mo 19.0 (9.0-39.2) 15.9 (7.0-39.9) .06 17 (8.0-39.9)
Baseline HIV-1 RNA, log10 copies/mL 4.5 (3.7-5.1) 4.7 (4.0-5.2) .001 4.6 (3.9-5.2)
Nadir CD4 T-lymphocyte count before HAART, cells/µL 149 (56-270) 127 (36-251) .002 138 (45-259)
Baseline CD4 T-lymphocyte count, cells/µL 203 (85-342) 179 (68-326) .02 190 (73-336)
Baseline CD8 T-lymphocyte count, cells/µL 740 (476-1048) 697 (425-1041) .04 711 (445-1042)

Abbreviations: CDC, Centers for Disease Control and Prevention; HAART, highly active antiretroviral therapy; HBs, hepatitis B surface; HCV, hepatitis C virus;
HIV, human immunodeficiency virus; IV, intravenous; NNRTI, nonnucleoside analogue reverse transcriptase inhibitor; PI, protease inhibitor.

*Data are number (percentage), mean ± SD, or median (interquartile range [25th and 75th percentile]) unless otherwise specified. Groups were compared using
a Mann-Whitney U or �2 test, as appropriate.
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available, undetectable plasma HIV-1 RNA levels were de-
fined as values below 400 copies/mL.

Longitudinal T-lymphocyte counts and HIV-1 RNA levels
were separately analyzed in individuals who had continuously
received HAART (CONT; n=985) and in subjects who discon-
tinued HAART for at least 1 month (DISCONT; n=1250). In the
CONT group, 725 individuals (73.6%) changed the HAART regi-
men, but only 51 (5.2%) were lost to follow-up, 10 of whom had
died. In the DISCONT group, 458 (36.6%) individuals were lost
to follow-up during the observation period, including 179 (14.3%)
subjects who had died, 39 (3.1%) who had moved to another
country, 28 (2.2%) who had discontinued participation in the
Swiss Cohort study, and 212 (17.0%) who were lost to fol-
low-up for unknown reasons. Of the 1250 subjects in the
DISCONT group, 950 (76.0%) stopped antiretroviral therapy at
least once for a median time of 3 (interquartile range, 1-10)
months. The remaining 300 individuals (24.0%) were intermit-
tently switched to non-HAART regimens for a median time of 4
(interquartile range, 1-12) months.

Three end points were evaluated and included absolute
increases in CD4 T-lymphocyte count over 4 years, the per-
centage of subjects reaching a CD4 T-lymphocyte count of
500/µL or greater, and the percentage of individuals with a CD4
T-lymphocyte count less than 200/µL. Immunological end points
and potential predictors of the immunological response were
analyzed in individuals who had continuously received HAART
(CONT; n=985). The following factors that could potentially
affect the recovery of CD4 T lymphocytes were evaluated: sex,
age, hepatitis C virus (HCV) serology (data available for 810
individuals), the duration of HIV-1 infection, the CDC stage,
antiretroviral pretreatment before initiation of HAART, base-
line HIV-1 RNA levels, baseline CD4 and CD8 T-lymphocyte
counts, the number of therapy changes, and the percentage of
HIV-1 RNA levels below 400 copies/mL.

The statistical analysis was performed using a general linear
modelandlogisticregression. Inthemultivariatemodels,variables
wereenteredstepwise intheorderofstrengthofrelationshipfound
in the univariate model. A 2-sided P value less than .05 was con-
sideredstatisticallysignificant.All statisticalcalculationswereper-
formed using SPSS release 10.0 (SPSS Inc, Chicago, Ill).

RESULTS

PLASMA HIV-1 RNA
AND T-LYMPHOCYTE DYNAMICS

In the entire cohort (N=2235), median plasma HIV-1
RNA declined from 4.6 log10 copies/mL to values below
the limit of detection. At 48 months, 69.5% of treated

individuals had undetectable plasma HIV-1 RNA levels
(Figure 1A). During the observation period, the
median CD4 T-lymphocyte count increased from
190/µL to 423/µL (Figure1B). Annual increases in CD4
T-lymphocyte count became gradually smaller over
time. The percentage of individuals reaching CD4
T-lymphocyte counts of 500/µL or greater increased
from 9.1% at baseline to 38.8% at 48 months. Of the
2235 subjects, 15.6% showed poor immunological
responses and had persistently low CD4 T-lymphocyte
counts below 200/µL.

In the CONT group, 84.5% showed HIV-1 RNA lev-
els below 400 copies/mL at 48 months, whereas the me-
dian CD4 T-lymphocyte count increased from 203/µL to
486/µL (Figure1B). In 50.3%, CD4 T-lymphocyte count
increased to 500/µL or greater, whereas in 26.8%, the
number of CD4 T lymphocytes remained below 350/µL
(Figure 1D). In this group, 264 individuals (6.1%) were
classified as poor immunological responders (CD4 T-
lymphocyte count �200/µL).

The percentage of patients reaching HIV-1 RNA lev-
els below 400 copies/mL and the median CD4 T-
lymphocyte count at 48 months was smaller in the
DISCONT group than in the CONT group (53.6% vs 84.5%;
343/µL vs 486/µL, respectively; P�.001 for both
comparisons). In addition, the percentage of individuals
reaching CD4 T-lymphocyte counts of 500/µL or greater
was smaller (29.4% vs 47.7%; P�.001) and the percent-
age of poor immunological responders was larger (25.9%
vs 5.9%; P�.001). CD8 T lymphocytes showed smaller
changes over time compared with CD4 T lymphocytes, in-
creasing from 740/µL to 869/µL in the CONT group and
from 697/µL to 872/µL in the DISCONT group (Figure1C).

DETERMINANTS OF CD4 T-LYMPHOCYTE
COUNT INCREASES IN THE CONT GROUP

The potential factors associated with the recovery of CD4
T lymphocytes are given in Table 3. In the multivari-
ate model, sex did not predict the recovery of CD4 T-
lymphocyte count, although larger increases of CD4 T
lymphocytes were observed in female study partici-
pants (323/µL vs 279/µL; Table 3). In contrast, younger
age represented an independent predictor of larger rises
in CD4 T-lymphocyte count (P=.003). The difference be-

Table 2. Antiretroviral Therapy of Individuals Commencing HAART Between 1996 and 1997*

Therapy Baseline 12 Months 24 Months 36 Months 48 Months

Indinavir sulfate + �2 nucleoside analogues 45.9 38.6 26.5 16.3 11.1
Ritonavir + �2 nucleoside analogues 22.6 13.2 8.5 5.5 5.2
Nelfinavir mesylate + �2 nucleoside analogues 13.1 19.8 21.6 26.0 20.1
Double PI + �1 nucleoside analogue 6.8 12.7 19.9 15.4 8.7
Saquinavir mesylate + �2 nucleoside analogues 6.9 2.2 0.8 0.4 0.4
PI + NNRTI + �1 nucleoside analogue 0.0 0.8 3.8 8.6 19.3
NNRTI + �2 nucleoside analogues 0.3 0.3 2.9 10.3 13.2
Triple nucleoside analogues 4.5 0.7 2.6 4.5 6.6
Other 0.0 4.4 4.0 3.0 4.3
Discontinued HAART 0.0 7.2 9.5 10.0 11.1

Abbreviations: HAART, highly active antiretroviral therapy; NNRTI, nonnucleoside analogue reverse transcriptase inhibitor; PI, protease inhibitor.
*Data are percentage of patients (N = 2235).
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tween men and women regarding the increase in CD4
T-lymphocyte count may therefore be the result of the
significantly younger age of female study participants (33
vs 37 years; P�.001).

The recovery of CD4 T lymphocytes showed no as-
sociation with the mode of HIV transmission and was
comparable in HCV-seropositive and -seronegative in-
dividuals. Nevertheless, significantly smaller rises in CD4
T-lymphocyte count were observed in HCV antibody–
positive subjects in the first year of therapy (126/µL vs
151/µL at 1 year [P=.005] and 281/µL vs 294/µL at 48
months [P=.34]).

In the CONT group, 60.1% of individuals had been
pretreated with antiretroviral agents for a median dura-
tion of 19 months. They showed smaller median in-
creases in CD4 T-lymphocyte count than treatment-
naive individuals (256/µL vs 335/µL at 48 months;
P�.001). Nevertheless, in the multivariate model, pre-
treatment was not independently associated with the re-
covery of CD4 T lymphocytes (P=.59).

Importantly, baseline and nadir CD4 T-lymphocyte
counts before initiation of HAART were not correlated with
the recovery of CD4 T lymphocytes. Hence, the longitu-
dinal time course of CD4 T lymphocytes in groups strati-
fied by baseline CD4 T-lymphocyte count followed roughly
parallel time courses (Figure 2A). As a consequence, the
proportional increase of CD4 T-lymphocyte count from
baseline was larger in individuals commencing HAART
with lower baseline CD4 T-lymphocyte counts (Figure 2B).
In contrast, lower baseline CD8 T-lymphocyte counts were
independently associated with significantly larger rises in
CD4 T-lymphocyte count (P=.008).

Higher baseline viral load was significantly associ-
ated with larger increases in CD4 T-lymphocyte count,
both short term (3-6 months; r=0.235; P�.001) and long
term (48 months; r=0.218; P�.001). In addition, more
sustained suppression of HIV-1 viremia as measured by
the percentage of plasma HIV-1 RNA values below 400
copies/mL during the observation period improved the
recovery of CD4 T lymphocytes (P�.001; Figure 2C).
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Figure 1. Time courses of the percentage of plasma human immunodeficiency virus–1 RNA levels below 400 copies/mL (A), CD4 T-lymphocyte count (B), and
CD8 T-lymphocyte count (C) in the entire cohort (N=2235), in the group continuously receiving highly active antiretroviral therapy (HAART) (CONT; n=985), and
in the group that intermittently discontinued HAART (DISCONT; n=1250). For B and C, data are median and interquartile range (25th and 75th percentiles).
D, Percentage of subjects in the CONT group reaching clinically relevant thresholds of CD4 T-lymphocyte counts (�200/µL, �350/µL, and �500/µL) during the
observation period.
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PREDICTORS OF GOOD (�500/µL) AND POOR
(�200/µL) IMMUNOLOGICAL RESPONSES

IN THE CONT GROUP

Higher nadir CD4 T-lymphocyte count indicating the
maximum extent of HIV-1–related immunodeficiency in-

creased the likelihood of reaching CD4 T-lymphocyte
counts of 500/µL or greater within 48 months (adjusted
odds ratio [OR], 1.38 per 100-cell increase; Table 4).
Similarly, the likelihood of reaching this CD4 T-lymph-
ocyte count was higher in individuals with a larger num-
ber of CD4 T lymphocytes at baseline (adjusted OR, 2.04

Table 3. Predictors of CD4 T-Lymphocyte Count Increase Over 48 Months*

Parameter

Baseline
CD4 Cell Count,

Cells/µL

CD4 T-Lymphocyte
Count at

48 Months,
Cells/µL

Increase in
CD4 T-Lymphocyte

Count Over
48 Months,

Cells/µL
P

Value
Multivariate

P Value†

Sex
Male 202 (85-348) 473 (336-691) 279 (165-419) .02 .14
Female 206 (77-329) 520 (362-736) 323 (196-485)

Age, y
�34 227 (111-376) 523 (362-739) 304 (179-462)

.001 .00334-40 170 (56-318) 486 (336-714) 303 (193-468)
�40 210 (94-346) 469 (311-680) 264 (149-397)

Transmission category
Homosexual 221 (94-371) 493 (346-711) 291 (163-415)

.75 .67Heterosexual 203 (89-339) 482 (335-683) 291 (172-466)
IV drug use 174 (56-297) 447 (327-691) 284 (192-456)

HCV antibody
Negative 218 (91-349) 475 (333-690) 294 (167-428) .86 .34
Positive 182 (64-311) 447 (337-687) 281 (191-460)

CDC category
A 317 (201-431) 609 (439-785) 303 (158-430)

.03 .05B 190 (98-324) 446 (328-636) 266 (164-418)
C 66 (25-167) 410 (293-608) 296 (196-481)

Time from HIV-1 diagnosis to HAART, y
�4.6 250 (103-385) 558 (421-690) 313 (172-415)

.23 .424.6-9.6 167 (76-290) 432 (292-706) 252 (179-420)
�9.6 187 (55-296) 462 (339-711) 284 (156-456)

Pretreatment
No 192 (60-343) 550 (383-750) 335 (232-485)

�.001 .59
Yes 209 (100-342) 462 (324-671) 256 (158-411)

Nadir CD4 T-lymphocyte count before initiation of HAART, cells/µL
�90 49 (20-85) 368 (263-488) 302 (193-426)

.43 .9290-220 193 (136-279) 508 (348-659) 258 (165-419)
�220 382 (300-496) 723 (511-885) 307 (156-460)

Baseline CD4 T-lymphocyte count, cells/µL
�121 49 (20-85) 367 (263-505) 322 (201-464)

.009 .38121-293 203 (160-250) 472 (349-662) 265 (170-421)
�293 410 (342-511) 721 (522-886) 279 (125-417)

Baseline CD8 T-lymphocyte count, cells/µL
�560 98 (25-201) 421 (297-626) 303 (194-450)

.002 .008560-926 254 (117-376) 515 (372-723) 294 (165-427)
�926 277 (146-407) 524 (372-757) 269 (159-421)

Baseline plasma HIV-1 RNA, log10 copies/mL
�4.0 301 (183-406) 539 (371-716) 250 (124-394)

�.001 �.0014.0-5.0 210 (103-341) 472 (322-726) 265 (175-455)
�5.0 100 (36-231) 450 (331-676) 342 (218-477)

No. of changes of therapy
1 225 (84-361) 521 (362-733) 312 (195-477)

.06 .642 196 (89-341) 478 (341-699) 286 (160-443)
�2 191 (83-325) 465 (327-669) 271 (171-410)

Percentage of HIV-1 RNA values �400 copies/mL
�90 176 (75-311) 412 (288-596) 220 (118-363)

�.001 �.00190-97 185 (59-329) 505 (363-726) 345 (22-484)
�97 263 (120-392) 548 (401-767) 307 (196-440)

Abbreviations: CDC, Centers for Disease Control and Prevention; HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus;
IV, intravenous.

*Data are median and interquartile range (25th and 75th percentile) unless otherwise specified. A general linear model was used for the statistical evaluation
using data of individuals who continuously have received HAART for at least 48 months (n = 728). Categories of continuous variables are based on equally sized
groups.

†Adjusted for age, baseline CD8 cell count, baseline viral load, and the percentage of viral loads less than 400 copies/mL.
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per 100-cell increase). A baseline CD4 T-lymphocyte
count ranging from 300/µL to 400/µL appeared thereby
to represent a critical threshold. Almost 70% of subjects
commencing HAART with a CD4 T-lymphocyte count

of 300/µL to 400/µL reached the end point of a CD4 T-
lymphocyte count of 500/µL or greater, whereas only 51%
initiating HAART with a CD4 T-lymphocyte count of
200/µL to 300/µL and 40% with a count of 100/µL to
200/µL reached this target level (Figure 3A).

The virologic response was a further relevant pre-
dictor. Higher baseline plasma HIV-1 RNA levels (ad-
justed OR, 1.34 per 1-log increase) and a higher percent-
age of undetectable plasma HIV-1 RNA levels increased
the likelihood of reaching a CD4 T-lymphocyte count of
500/µL at 48 months (adjusted OR, 1.27 per 10% in-
crease; Figure 3B).

The risk of a poor recovery of CD4 T lymphocytes
(�200/µL at 48 months) was significantly higher in sub-
jects with lower baseline CD4 T-lymphocyte counts (ad-
justed OR, 0.26 per 100-cell increase; Table 5), lower
baseline HIV-1 RNA levels (adjusted OR, 0.65 per 1-log
increase), and a smaller percentage of undetectable plasma
HIV-1 RNA levels during the observation period (ad-
justed OR, 0.75 per 10% increase).

COMMENT

In most HIV-1–infected individuals treated with HAART,
CD4 T lymphocytes recover to levels above 200/µL, at
which HIV-1–related clinical complications are exceed-
ingly rare.11 Nevertheless, many clinicians as well as pa-
tients aim at higher, more physiological levels of CD4 T
lymphocytes, preferably above 500/µL. The percentage
of individuals who ultimately reach this goal and the fac-
tors affecting the recovery of CD4 T lymphocytes were
the focus of the present study.

At 4 years, only 39% of 2235 participants of the Swiss
HIV Cohort reached CD4 T-lymphocyte counts above
500/µL and 16% had counts less than 200/µL, remain-
ing susceptible to opportunistic infections. Higher base-
line and nadir CD4 T-lymphocyte counts increased the
likelihood of reaching a CD4 T-lymphocyte count of
500/µL within 4 years. Poor immunological responders
failing to reach a CD4 T-lymphocyte count of 200/µL com-
menced HAART with a smaller number of CD4 T lym-
phocytes and showed poorer virologic responses. Larger
absolute increases in CD4 T-lymphocyte count were
observed in individuals who were younger, had higher
baseline plasma HIV-1 RNA levels, lower CD8 T-
lymphocyte counts, and a more sustained reduction of
plasma HIV-1 viremia.

At 4 years, almost 70% of individuals commencing
HAART with a CD4 T-lymphocyte count of 300/µL to
400/µL had CD4 T-lymphocyte counts of at least 500/
µL. The percentage of subjects reaching this goal de-
clined to 51% in individuals commencing HAART with
a CD4 T-lymphocyte count less than 300/µL, which
suggests that HAART should preferably be initiated be-
fore CD4 T-lymphocyte count has declined below 300/
µL. This is in good agreement with current treatment
guidelines that propose to commence HAART at a CD4
T-lymphocyte count of 350/µL.28

CD4 T lymphocytes showed a rapid increase in the
first 3 months, followed by an almost linear rise in the
subsequent 2 years. However, annual changes in CD4 T-
lymphocyte count thereafter became gradually smaller,
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suggesting that the number of CD4 T lymphocytes may
reach a plateau level. Therefore, a normalization of CD4
T-lymphocyte count does not appear feasible in all in-
dividuals or will require at least very long-term therapy.
This is further supported by the fact that the increase of
CD4 T lymphocytes did not depend on baseline values.
The comparison of CD4 T lymphocytes of groups strati-
fied by baseline CD4 T-lymphocyte count revealed that
CD4 trajectories followed almost parallel time courses.
Hence, individuals commencing HAART with a small
number of CD4 T lymphocytes will reach, after the same
observation period, on average lower CD4 T-lymph-

ocyte counts than subjects who initiate HAART at higher
CD4 T-lymphocyte numbers.

The delayed reconstitution of the CD4 T-cell com-
partment in elderly patients has previously been ob-
served in smaller studies.19,27 The thymus significantly con-
tributes to the recovery of CD4 T lymphocytes,29 but loses
partly its functionality after physiological involution dur-
ing puberty. This may provide an explanation for the poorer
recovery of CD4 T lymphocytes in older patients.

Recovery of CD4 T lymphocytes was significantly
associated with more sustained reduction of plasma HIV-1
viremia. However, we did not find a significant differ-

Table 4. Predictors of CD4 T-Lymphocyte Count of 500/µL or Greater at 4 Years*

Parameter Odds Ratio (95% CI) P Value
Multivariate Analysis†
Odds Ratio (95% CI) P Value

Female sex 1.201 (0.851-1.697) .30 1.423 (0.949-2.134) .09
Age (per 10-y increase) 0.812 (0.685-0.963) .02 0.819 (0.670-1.000) .05
HCV antibody positive 0.970 (0.691-1.362) .86 1.154 (0.772-1.725) .49
Duration of HIV-1 infection (per 10-y increase) 0.501 (0.290-0.867) .01 0.586 (0.307-1.115) .10
CDC stage

B 0.391 (0.274-0.558) �.001 0.721 (0.476-1.091) .12
C 0.289 (0.197-0.423) �.001 0.992 (0.619-1.592) .97

Pretreated 0.580 (0.426-0.788) .001 0.710 (0.487-1.035) .08
Nadir CD4 T-lymphocyte count before HAART (per 100/µL increase) 2.263 (1.949-2.629) �.001 1.376 (1.044-1.814) .02
Baseline CD4 T-lymphocyte count (per 100/µL increase) 1.898 (1.692-2.128) �.001 2.036 (1.783-2.326) �.001
Baseline CD8 T-lymphocyte count (per 100/µL increase) 1.045 (1.016-1.074) .002 0.968 (0.935-1.002) .07
Baseline HIV-1 RNA (per 1-log plasma HIV-1 RNA increase) 0.875 (0.768-0.997) .046 1.337 (1.130-1.582) .001
No. of therapy changes (per change of therapy) 0.864 (0.765-0.976) .02 1.017 (0.876-1.180) .83
Percentage of HIV-1 RNA levels �400 copies/mL (per 10% increase) 1.270 (1.187-1.360) �.001 1.268 (1.174-1.368) �.001

Abbreviations: CDC, Centers for Disease Control and Prevention; CI, confidence interval; HAART, highly active antiretroviral therapy; HCV, hepatitis C virus;
HIV, human immunodeficiency virus.

*A logistic regression model was used for this analysis including only individuals who continuously had received HAART for at least 48 months (n = 728).
†Adjusted for baseline viral load, baseline CD4 cell count, and the percentage of viral loads less than 400 copies/mL.
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ence regarding the increase in CD4 T-lymphocyte count
between individuals with 75% to 90% and more than 90%
undetectable viral loads during the observation period.
In contrast, individuals with more than 25% detectable
HIV-1 RNA levels showed a trend toward a poorer re-
covery of CD4 T lymphocytes. This observation sup-
ports the concept of a critical viral load threshold, which
determines whether CD4 T lymphocytes recover or fur-
ther decline.30

In the first year of HAART, HCV-seropositive indi-
viduals showed smaller increases in CD4 T-lymphocyte
count than HCV-seronegative persons, which is in agree-
ment with the results of a previous investigation of the
Swiss HIV Cohort Study Group.22 The negative effect of
HCV infection on the recovery of CD4 T lymphocytes
disappeared during the observation period. However, the
CONT and DISCONT groups were not balanced for HCV
infection. Most HCV-seropositive individuals were ob-
served in the DISCONT group (41% vs 31%), but the
analysis of predictors of CD4 T-lymphocyte recovery was
based on data of the CONT group.

The substantial percentage (26%) of poor immuno-
logical responders in the DISCONT group indicates that
a sizable proportion of individuals remains at risk for op-
portunistic infections over a lengthy period despite the
availability of potent antiretroviral regimens. The sub-
stantial percentage of individuals who intermittently dis-
continued HAART also reflects the problems associated
with currently available antiretroviral drug regimens such
as frequent adverse events and poor adherence to the drug
regimen.31,32

One limitation of this prospective cohort study is
the follow-up pattern, which could have introduced bias.
For example, patients with slow disease progression may
have avoided outpatient visits, ultimately reducing the
amount of information. This “walking well” phenom-
enon may have resulted in an underestimation of the re-
covery of CD4 T lymphocytes. Conversely, patients in
more advanced stages of HIV-1 infection were more likely

to discontinue HAART or to leave the study, which may
have introduced a bias in the opposite direction.

CONCLUSIONS

This prospective observational cohort study shows that the
recovery of CD4 T lymphocytes in treated HIV-1–infected
individuals is slower than initially anticipated. Indeed, CD4
T-lymphocyte count failed to recover significantly in 16%
of individuals, and more than 50% did not reach CD4 T-
lymphocyte counts of 500/µL or greater after 4 years of
HAART. Of further concern is the observation that the num-
ber of CD4 T lymphocytes appeared to reach a plateau level
after 2 to 3 years. This suggests that CD4 T-lymphocyte
count remains in a critically low range in a significant num-
ber of individuals. Therefore, HAART should not be de-
ferred to late stages of HIV-1 infection, although the ad-
vantages of an earlier initiation of HAART have to be
individually counterbalanced against potential adverse
events and the rapid emergence of drug resistance.
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Table 5. Predictors of CD4 T-Lymphocyte Count Less Than 200/µL at 4 Years*

Parameter Odds Ratio (95% CI) P Value
Multivariate Analysis†
Odds Ratio (95% CI) P Value

Female sex 0.633 (0.276-1.449) .28 0.594 (0.241-1.466) .26
Age 1.342 (0.971-1.855) .07 1.301 (0.887-1.909) .18
HCV antibody positive 1.159 (0.580-2.315) .68 1.223 (0.569-2.629) .61
Duration of HIV-1 infection (per 10-y increase) 2.381 (0.858-6.608) .10 2.358 (0.713-7.800) .16
CDC stage

B 1.829 (0.754-4.438) .18 0.693 (0.250-1.921) .48
C 3.514 (1.523-8.105) .003 0.631 (0.224-1.776) .38

Pretreated with nucleoside analogues 2.117 (0.999-4.486) .05 1.307 (0.565-3.022) .53
Nadir CD4 T-lymphocyte count before HAART (per 100/µL increase) 0.253 (0.147-0.435) �.001 0.531 (0.181-1.561) .25
Baseline CD4 T-lymphocyte count (per 100/µL increase) 0.362 (0.244-0.537) �.001 0.264 (0.160-0.436) �.001
Baseline CD8 T-lymphocyte count (per 100/µL increase) 0.952 (0.889-1.020) .16 1.044 (0.971-1.122) .25
Baseline HIV-1 RNA (per 1-log plasma HIV-1 RNA increase) 1.096 (0.823-1.461) .53 0.652 (0.479-0.888) .007
No. of therapy changes (per change of therapy) 1.321 (1.072-1.630) .009 1.006 (0.779-1.299) .96
Percentage of HIV-1 RNA values �400 copies/mL (per 10% increase) 0.764 (0.703-0.830) �.001 0.754 (0.688-0.827) �.001

Abbreviations: See Table 4 footnote for expansion of abbreviations.
*A logistic regression model was used for this analysis including only individuals who continuously have received HAART for at least 48 months (n = 728).
†Adjusted for baseline viral load, baseline CD4 cell count, and the percentage of viral loads less than 400 copies/mL.
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