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Among patients infected with human immunodeficiency
virus (HIV), those with HIV-1 RNA <200 copies/mL and
CD4 counts >300 cells/uL had a 97.1% probability of main-
taining durable CD4 >200 cells/uL for 4 years. When non-
HIV causes of CD4 lymphopenia were excluded, the proba-
bility rose to 99.2%. Our data support less frequent CD4
monitoring during viral suppression.

Keywords. CD4 count; %CD4; HIV-1 RNA; HIV load;
HIV suppression.

CD4 counts (CD4) have proven essential for the clinical man-
agement of patients infected with human immunodeficiency
virus (HIV) [1]. Current guidelines of the Department of
Health and Human Services [2] recommend 6- to 12-month
CD4 testing in clinically stable, virally suppressed patients with
counts “well above the threshold for opportunistic infection
risk” [3]. As this recommendation was based on expert opinion,
our objective was to examine the incidence over time of CD4
counts <200 cells/pL among patients with viral suppression of
<200 copies/mL and a CD4 count of >200 cells/pL.
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METHODS

We evaluated every paired HIV type 1 (HIV-1) viral load
(VL) and CD4 count (n =25463) performed by the Infectious
Diseases Laboratory for 1820 patients at the Washington, DC,
Veterans Affairs Medical Center from September 1998
through December 2011 by adopting the following 2 defini-
tions. First, a patient sequence was defined as a period of con-
tinuous HIV-1 suppression. Sequence initiation required at
least 2 consecutive VL/CD4 pairs with (1) VL <200 copies/mL,
and (2) CD4 >200 cells/uL, and (3) CD4 percentage (%CD4)
>14%, and (4) <390 days between the consecutive tests, and
(5) a subsequent VL/CD4 pair within 390 days. Sequence ter-
mination and time of sequence termination occurred at the
VL/CD4 pair (1) with a CD4 count <200 cells/uL, or (2) just
prior to a VL >200 copies/mL, or (3) preceding a >390-day
gap in testing or (4) preceding the end of the observation
period. A patient could generate >1 sequence if the initiation
criteria were met again following termination of the prior se-
quence. Secondly, a “CD4 dip” was defined as a CD4 count
<200 cells/pL occurring during a period of continuous HIV-1
suppression of <200 copies/mL (ie, during a sequence).

Patients with 1 or more sequences were included in the
analysis cohort, stratified by initial CD4 ranges of 200-249,
250-299, 300-349, and >350 cells/pL. The data was evaluat-
ed to characterize both the VL/CD4 results from individual
sequences (sequence-based analyses) and from individual pa-
tients (patient-based analyses). For patient-based analyses,
the initial CD4 was defined as the first value of each patient’s
first sequence. For any patient who experienced a CD4 dip,
we performed a chart review, focusing on known causes for
non-HIV CD4 lymphopenia [2, 4, 5] present since the pa-
tient’s last VL/CD4 values were obtained prior to the CD4
dip.

We examined the probability of maintaining a CD4 >200
cells/uL during continuous viral suppression for the patient-
based analysis using only the first sequence of each patient.
Probabilities with corresponding 95% confidence intervals
(ClIs) stratified by initial CD4 ranges were estimated and
plotted using the Kaplan-Meier method. CD4 dip-related
hazard ratios with corresponding 95% confidence intervals
were estimated and compared using Cox proportional hazards
regression. As sequences were clustered by patients, CD4 dip
times of sequences were analyzed using modified forms of the
Kaplan-Meier [6] and Cox [7] methods that account for the
intracluster dependence.
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Data were analyzed by SAS, version 9.2 (SAS Institute,
Cary, North Carolina) and SAS-callable SUDAAN, version
10.0 (RTT International, Research Triangle Park, North Caroli-
na). The SAS macro for determining sequences is provided in
the Supplementary Data.

RESULTS

A total of 1358 patients had 3 or more paired VL/CD4
values with no more than 390 days between consecutive
results over the 13-year observation period; 526 did not meet
the criteria for a sequence to enter the analysis cohort. Of
the remaining 832 individuals, 537 generated 1 sequence,
and 295 generated 2-6 sequences for a total of 1294 sequenc-
es. For all 832 patients in the analysis cohort, the median
period of VL/CD4 testing was 7.7 years (interquartile range
[IQR], 3.9-11.9). The median of the total sequence time per
patient was 2.5 years (IQR, 1.1-5.2), including those patients
with multiple sequences. The median gap between each pa-
tient’s VL/CD4 testing was 113 days (IQR, 96-138).

Ninety-three percent (771/832) of individuals with at least
1 sequence maintained their CD4>200 cells/uL during
periods of viral suppression; the remaining 61 patients expe-
rienced a total of 84 CD4 dips <200 cells/uL (1-4 dips per
patient) with 52 occurring during their first sequence. Twenty-
four of the 61 patients had a cause for non-HIV CD4 lympho-
penia [2, 4, 5] that occurred in conjunction with their earliest
CD4 dip. Chart reviews identified 9 radiation/chemotherapy,
7 interferon treatment, 3 postsurgery, 3 concomitant severe in-
fection, 1 viral pneumonia, and 1 steroid treatment. All were
documented within 1 month prior to the CD4 dip event.

As shown in Supplementary Tables 1 and 2, CD4 character-
istics were similar between patient-based and sequence-based
analyses. When analyzed by patient, 25% of individuals with an
initial CD4 count of 200-249 cells/uL had a CD4 dip to <200
cells/uL, and the numbers decreased successively to 16% at
250-299 cells/uL, 5% at 300-349 cells/pL, and only 2% at >350
cells/pL (Supplementary Table 1). The higher the initial CD4,
the greater the likelihood that a patient with a CD4 dip would
also have a non-HIV cause for CD4 lymphopenia identified. In
addition, when the initial CD4 was >300 cells/pL, the risk of a
dip was significantly lower (P<.05 by Cox proportional
hazards regression, Supplementary Table 3). An analysis using
the %CD4 threshold of 14% provided similar results (Supple-
mentary Table 2).

The Kaplan-Meier probabilities of maintaining a CD4
count >200 cells/uL during continuous HIV-1 suppression
were similar whether analyzed by patient (Figure 1A and
Supplementary Figure 1A) or by sequence (Supplementary
Figure 2). For patients with an initial CD4 count of 300-349
cells/uL, the probability of a durable CD4 >200 cells/uL at

year 4 was 95.3% (95% CI, 86.1-98.5; Figure 1A, Supplemen-
tary Figure 1A). When the initial CD4 was >350 cells/pL, the
probability at year 4 was 97.5% (95% CI, 94.7-98.8). Com-
bining the Kaplan-Meier data for 300-349 and >350 cells/
uL, when the initial CD4 was >300 cells/uL, the probability
at year 4 was 97.1% (95% CI, 94.6-98.5). In addition, no
patient experienced an event (CD4 dip) after year 4 in any
group.

In Figure 1B and Supplementary Figure 1B, the probabilities
and 95% Cls shown are upper bounds because chart reviews
for non-HIV causes of CD4 lymphopenia were performed
only for patients with CD4 dips. When data from 18 patients
with CD4 lymphopenia due to non-HIV causes were excluded,
patients with an initial CD4 >300 cells/uL had a probability of
a durable CD4 >200 cells/uL at year 5 of 99.2% (95% CI,
97.4-99.7). No patient experienced an event (CD4 dip) after
year 2 in any group.

DISCUSSION

Multiple sources of CD4 count variability have been described,
including intralaboratory measurements and individual
patient physiologic factors [8, 9]. We found that 24% (201/
832) of patients in the initial range of 200-299 cells/uL ac-
counted for a disproportionate 70% (43/61) of all patients
with CD4 dips. A subsequent examination of individual re-
gression curves for patients who had a dip but remained
virally suppressed (data not shown) confirmed that some pa-
tients had steady CD4 count increases after the dip endpoint
was reached, suggesting CD4 variability as the primary cause
for the dip. Importantly, there have been many reports regard-
ing the undulating rise of CD4 in response to effective treat-
ment [10, 11], and this rise may explain why no patient
experienced a CD4 dip after year 2 of continuous viral sup-
pression without a non-HIV cause for CD4 lymphopenia.

Our study had several limitations. This was a retrospective
evaluation from a single, urban medical center. Chart reviews
were restricted to the 61 patients with CD4 dips and were not
performed for patients whose CD4 remained >200 cells/pL. No
assessment was made of a patient’s antiretroviral therapy or
adherence.

Despite these limitations, we believe our conclusions to be
robust. This study included our entire clinic population without
any patients excluded. Although chart reviews were limited to
the 61 patients with CD4 dips, the findings from other patients
without CD4 dips would not have impacted our conclusions as
CD4 counts for these patients remained >200 cells/pL. Finally,
the use of a CD4 count of <200 cells/pL as the Kaplan-Meier
endpoint for an increase in clinical risk rather than an actual
opportunistic infection overestimated true clinical risk, as most
opportunistic infections occur at much lower CD4, particularly
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Figure 1. Patient-based Kaplan-Meier estimates (SAS, version 9.2) of probability for maintaining CD4 counts >200 cells/uL during continuous human
immunodeficiency virus (HIV) type 1 suppression of <200 copies/mL. Results are stratified by initial CD4 count in cells per microliter. Analysis restricted
to first sequence of each patient with 9 patients excluded because they only experienced CD4 counts <200 cells/uL during later sequences. A, Fifty-two
patients experienced events or CD4 dips, defined as CD4 counts <200 cells/uL occurring during viral suppression. Median first sequence duration, 1.5
years (interquartile range; 0.7-3.2). Data right-censored 326 times when viral load rebounded to >200 copies/mL, 165 times when repeat testing not
performed within 390 days, and 280 times when observation period ended 31 December 2011. B, Following exclusion of 18 patients with causes for
non-HIV CD4 lymphopenia, 34 patients experienced CD4 dips. Probabilities are upper bounds because only patients who experienced CD4 dips had

chart reviews. Abbreviation: HIV-1, human immunodeficiency virus type 1.

during viral suppression [12]. Therefore, we believe that our
results can be generalized to most HIV care settings.

Reduced CD4 monitoring would provide a substantial cost
savings and a broad impact on HIV clinical care. For example,
55% (approximately 550) of our patients had both viral sup-
pression <200 copies/mL and CD4 > 300 cells/uL at the end
of our observation period. If these patients were monitored
only annually, >$41 000 would be saved by eliminating 1100
CD4 counts at $37.92 per test based on the 2012 Medicare fee
schedule. Another benefit would be the alleviation of patient
anxiety from fluctuations in serial CD4 [2] due to laboratory
and physiologic variability [8, 9]. We have found broad accep-
tance from patients when recommending reduced CD4
testing, allowing resources currently used for CD4 monitoring
to be redirected to other clinical needs.

In conclusion, HIV-infected patients who maintained viral
suppression <200 copies/mL and had CD4 counts >300 cells/uL
were highly unlikely to experience a CD4 count <200 cells/uL.
Our data support less frequent CD4 monitoring in clinically
stable, virally suppressed patients and suggest that routine CD4
monitoring for this population may be unnecessary.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online
(http://cid.oxfordjournals.org/). Supplementary materials consist of data pro-
vided by the author that are published to benefit the reader. The posted

materials are not copyedited. The contents of all supplementary data are
the sole responsibility of the authors. Questions or messages regarding
errors should be addressed to the author.
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