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Immunodeficiency Virus (HIV) Infection Is Associated
With Lower CD4/CD8 Ratio During HIV Treatment
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Background. A low CD4/CD8 ratio in human immunodeficiency virus (HIV)–infected individuals is associated with inflam-
mation and higher risk of non-AIDS morbidity and mortality. In this study, we investigated the effect of subclinical cytomegalovirus
(CMV) and Epstein-Barr virus (EBV) replication on CD4+ and CD8+ T-cell dynamics when antiretroviral therapy (ART) is started
during early infection.

Methods. We investigated 604 peripheral blood mononuclear cell samples from 108 CMV- and EBV-seropositive HIV-infected
men who have sex with men, who started ART within a median of 4 months from their estimated date of infection and were followed
for a median of 29.1 months thereafter. Levels of CMV and EBV DNA were measured at each timepoint. Mixed-effects asymptotic
regression models were applied to characterize CD4+ and CD8+ T-cell dynamics, and Bayesian hierarchical models were used to
quantify individual differences in CMV and EBV DNA replication.

Results. Higher levels of subclinical CMV replication were associated with lower predicted maximum levels of CD4/CD8 ratio
(P < .05), which was driven by higher levels of CD8+ T-cell counts (P < .05), without affecting CD4+ T-cell counts (P > .1). Age was
negatively associated with CD4/CD8 levels (P < .05), and this effect was independent of the CMV association (P < .05 for both CMV
and age in a multivariate model).

Conclusions. Subclinical CMV replication in blood cells during early HIV infection and younger age were associated with lower
CD4/CD8 ratios during suppressive ART. These findings suggest that active CMV infection in the setting of treated HIV may rep-
resent an attractive potential target for therapeutic intervention.
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Antiretroviral therapy (ART) improves health, prolongs surviv-
al, and reduces human immunodeficiency virus (HIV) trans-
mission [1]. Nevertheless, ART-treated individuals living with
HIV have greater non-AIDS morbidity and mortality than the
general population [2]. Increased morbidity and mortality are
associated with immune dysfunction, which persists in some in-
dividuals despite suppressive ART [3].

Early in the HIV epidemic, it was recognized that a hallmark
of immunosuppression during HIV infection was the loss of
CD4+ T cells and an inverted ratio between CD4+ and CD8+

T cells [4]. Even in the setting of normal CD4+ counts among
treated HIV-infected persons, low CD4/CD8 is associated with
poor clinical outcomes [5, 6], T-cell dysfunction [6–8], and in-
creased inflammation (eg, interleukin 6, C-reactive protein,
soluble CD14) [6, 9]. These data suggest that CD8+ T-cell

expansion might be a driver of increased morbidity and mortal-
ity [6, 10].

Similar to HIV, human cytomegalovirus (CMV) is a persis-
tent pathogen associated with inflammation and increased
morbidity [11, 12]. HIV-infected individuals are almost all co-
infected with CMV, and in the setting of HIV, most individuals
experience intermittent bursts of CMV replication during ART
[11]. These bursts of replication are linked to persistent stimu-
lation of the CD8+ T-cell population [13, 14]. Along these lines,
positive CMV serology among persons with chronic HIV infec-
tion is associated with lower CD4/CD8 ratio during ART [7]. A
recent study found elevated CD8+ T cells and low CD4/CD8
only in individuals coinfected with both viruses, but not in per-
sons infected with HIV or CMV alone [13]. HIV-infected indi-
viduals who are seronegative for CMV show better immune
recovery following ART initiation than do HIV-infected per-
sons coinfected with CMV [15]. In persons with HIV and
CMV coinfection, the presence of detectable CMV replication
is associated with increased activation, proliferation, and ex-
haustion of T cells [16, 17], but the effect of subclinical CMV
replication on CD4/CD8 dynamics after early initiation of
ART is unknown. Similarly to CMV, Epstein-Barr virus
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(EBV) is another herpesvirus that establishes lifelong infection,
has almost universal prevalence among HIV-infected people,
and has recurrent reactivation; EBV coinfection has not been
associated with lower CD4/CD8 ratio. Testing both viruses
will help us to evaluate if observed effects are unique to CMV
or are a generalized effect of persistent viral infections.

METHODS

Participants, Samples, and Clinical Laboratory Tests
Six hundred four blood samples were collected longitudinally
from 108 recently HIV-infected participants from the San
Diego Primary Infection Resource Consortium [18] between
October 1996 and October 2012. All participants were CMV
and EBV seropositive. The estimated date of infection (EDI)
for HIV was calculated using established algorithms [19].
Stored samples were selected retrospectively from participants
who started ART and achieved complete suppression of HIV
RNA (defined as <50 or <200 copies/mL depending on assay
sensitivity) during study follow-up. Most participants (81%)
started ART within the first year of HIV infection. Participants
maintained undetectable HIV RNA levels in blood plasma for a
median of 28.6 months. The median number of HIV RNAmea-
surements during the follow-up period was 4 (interquartile
range [IQR], 1–7). Longitudinal blood samples (N = 511)
were collected during ART at 6-month intervals. Pre-ART sam-
ples were available for 93 participants. Percentage and absolute
counts of CD4+ T-lymphocytes were measured by flow cytom-
etry (VA Flow Lab), and HIV RNAwas quantified by Amplicor
HIV Monitor Test (Roche Molecular Systems).

All participants provided written informed consent. No chil-
dren were included in this study. The Office of Human Research
Protections Program of the University of California approved
the study.

Levels of CMV and EBV DNA in Peripheral Blood Mononuclear Cells
DNA was extracted from 5 million peripheral blood mononu-
clear cells (PBMCs) for each timepoint using the AllPrep
DNA/RNA Mini Kit (Qiagen). Total CMV and EBV DNA
was quantified by droplet digital polymerase chain reaction
(PCR) as previously described [20, 21]. Copy numbers were cal-
culated as the mean of replicate PCR measurements and nor-
malized to 1 million cells, determined by RPP30 [22].

Statistical Analysis
To model nonlinear patterns of changes in the outcomes, we
applied an asymptotic regression model with random effects,
which is expressed as:

Yit ¼ Asym + u1i þ ðY0 þ u2i � ½Asym + u1i�Þ
� expð� exp½LRCþ u3i�tÞ þ 1it;

where Asym, Y0, and LRC are model parameters that represent the
asymptote (ie, the predicted maximum level of CD4/CD8 ratio),

the baseline value, and the natural logarithm of the rate of change
constant, respectively. Yit is the observation for subject i at time t
(ie, days since the onset of ART); u1i, u2i, and u3i represent random
effects for subject I for Asym, Y0, and LRC, respectively. ɛit repre-
sents residuals. The random effects were allowed to be correlated,
and their contributions to model fit were evaluated with likelihood
ratio tests. To examine the influence of 1 or more predictors on the
pattern of change, a fixed effect for the predictor(s) was added to
each of the 3 parameters.

After identifying the best-fitting model for each outcome, we
included a predictor or a covariate in an asymptotic regression
model to examine the association of the predictor with the pa-
rameter change. We used 2 predictors (CMV and EBV DNA)
and 3 covariates (age, peak HIV RNA, and time from EDI to
ART initiation). To model participants’ propensities to shed
CMV, we used Bayesian hierarchical regression models [23]. Hi-
erarchical models treat the participants as being selected from a
population of HIV patients, and estimate the properties of the
population and the participants at the same time. Specifically,
hierarchical models estimate a single global intercept, then the
varying intercepts for the participants as deviations from the glob-
al intercept. We used the negative binomial family with log link, as
65% (n = 339) of the CMV counts were undetectable (ie, 0). For
sensitivity analysis, CMV measurements were also dichotomized
as “detectable” or “undetectable,” and the binomial family with
the logit link was used. Bayesian hierarchical models were applied
to EBV counts using the negative binomial family with the log
link (and the binomial family with the logit link for sensitivity
analysis). For both variables a weakly informative prior distribu-
tion of N(0, 4) was used. Hierarchical models were evaluated
using with R-hat values for model convergence (approximately
1.0 = convergence) and the leave-one-out information criterion
(LOOIC) for model fit. Because peak HIV RNA and time from
EDI to ART initiation were highly skewed, we log-transformed
them before inclusion in an asymptotic regression model. Time
over 1000 days was removed from analysis to improve distribution
of the data (n = 72 [13%]). Whether a predictor or a covariate in-
fluenced a particular parameter was tested with a likelihood ratio
test against a model without that parameter.

To examine robustness of the results, we repeated our asymp-
totic regression analysis as follows: (1) Outliers were removed
before Bayesian hierarchical modeling (n = 1 for CMV and
n = 2 for EBV); and (2) the binomial family with the logit
link was applied to dichotomized data. Furthermore, the follow-
ing sensitivity analyses were applied to all predictors and covar-
iates: (1) removing an individual who produced residuals >6
standard deviations (SDs) away from the mean in CD8+ and
the CD4/CD8 ratio; (2) weighing by the number of observations
for each participant; and (3) weighing by 1/variance of the out-
come for each participant. Data are expressed as coefficient ± 1
standard error, unless noted otherwise, and all tests were per-
formed at the 5% significance level (2-tailed).
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RESULTS

Participants, Samples, and Clinical Laboratory Tests
All 108 study participants were HIV-infected men who have sex
with men (MSM) with recent HIV infection, who were followed
for up to 135 months (median, 29.1 [IQR, 10.4–54.8] months).

The median time from EDI to the initiation of ART was 4
months (IQR, 1–5 months), and half of our participants achieved
viral suppression within 4.0 months (IQR, 0–6.8 months). Most
were white, non-Hispanic (64.8%), and 27% were infected <70
days before study enrollment. At baseline (ie, first available time-
point at or shortly following ART initiation), participants were a
median of 35 years old and had a median CD4+ and CD8+ count
of 636 and 749 cells/µL, respectively; the median CD4/CD8 ratio
was 0.8. They had a median of 3.2 log HIV RNA copies/mL and
median CMV and EBV DNA counts of 0 (IQR, 0–3.6) and 26
(IQR, 5.4–79.6) copies per million cells, respectively. Clinical
characteristics are summarized in Table 1.

Characteristics of CD4+, CD8+, and CD4/CD8 Ratio Temporal Trajectories
After the Initiation of ART
The CD4+ counts on average were 640 cells/μL at ART initia-
tion, then gradually increased at a slowing rate of increase
(Figure 1A). Mean CD8+ cell counts were 750 cells/μL at base-
line and decreased over time and reached the asymptotic value
within 250 days after ART initiation (Figure 1B). The CD4/CD8
ratio rapidly increased after the initiation of ART, then the rate
of change slowed down before 250 days (Figure 1C). To model
these patterns, we applied asymptotic regression models with
random intercepts (Table 2). For all models, including random
intercepts for Asym and Y0 and their covariation significantly
improved model fit (P < .001) but not for LRC (P > .05). The
model fit to CD4+ indicated that participants on average had
a baseline value of 642 ± 23 and reached an asymptote of

Figure 1. Individual trajectories of CD4+ cell counts (A), CD8+ cell counts (B), and the ratio of CD4+ to CD8+ (C) over time. The black line represents the local regression curve
fitted to each outcome. Abbreviation: ART, antiretroviral therapy.

Table 1. Characteristic at First Sampled Timepoint (Post–Antiretroviral
Therapy)

Characteristic Total (N = 108)

MSM, No. (%) 108 (100)

Race/ethnicity, No. (%), (n = 107)

White, non-Hispanic 70 (64.8)

Hispanic 22 (20.4)

Other 15 (13.9)

Missing 1 (0.9)

Stage of HIV infection, No. (%)

Acute infection (≤70 d) 32 (26.9)

Early infection (>70 d) 76 (70.4)

CD4+ cell count, cells/µL, median (IQR) 636.00 (487.50–821.00)

CD8+ cell count, cells/µL, median (IQR) 748.84 (608.91–1055.84)

CD4:CD8 ratio, median (IQR) 0.80 (0.55–1.05)

Age, y, median (IQR) 35.00 (28.00–42.00)

Peak HIV RNA, log copies/mL, median (IQR) 13.03 (11.70–14.69)

Months from EDI to ART start, median (IQR) 3.00 (2.00–7.75)

CMV DNA, copies/µL, median (IQR) 0.00 (0.00–3.57)

EBV DNA, copies/µL, median (IQR) 26.00 (5.41–79.58)

Abbreviations: ART, antiretroviral therapy; CMV, cytomegalovirus; EBV, Epstein-Barr virus;
EDI, estimated duration of infection; HIV, human immunodeficiency virus; IQR,
interquartile range; MSM, men who have sex with men.
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834 ± 30 at a rate of 99.4% per day (99.4 = exp(−exp(−5.2))
*100). These values indicate that participants would reach
CD4+ cell counts of 800 in 284 days post-ART initiation. Stan-
dard deviations for Asym and Y0 random effects were 223 and
204, with a correlation of 0.92, suggesting that participants with
higher baseline tended to a higher asymptote. Participants had a
higher baseline CD8+ value of 933 cells/μL than their asymptot-
ic value of 746 cells/μL, and their CD8+ cell counts changed at a
rate of 94.6% per day. That is, it took only 23 days to reach cell
counts of 800 cells/μL. Standard deviations for Asym and Y0

random effects were 329 cells/μL and 576 cells/μL, with a corre-
lation of 0.81. Finally, for the ratio of CD4/CD8, participants
were estimated to have baseline and asymptotic values of 0.83
and 1.25, and the ratio changed at a rate of 99.0% a day. On
average, participants reached a ratio of 1.0 within 57 days,
while their SDs for random Asym and Y0 effects were 0.49
and 0.35, respectively, with a correlation of 0.82.

Model Results of CMV and EBV DNA Counts
CMV and EBV DNA were detectable in 33% and 81%, respec-
tively, of the PBMC samples; 63.0% and 88.9% of the study par-
ticipants had at least 1 time point with detectable CMV and
EBV, respectively, during follow-up. Both variables were ana-
lyzed with Bayesian hierarchical regression models with the
negative binomial family with random intercepts. The models
fit the data well: all R-hat values = 1.0, a lower LOOIC value
than an alternative model with the Poisson family. For CMV,
the intercepts ranged from −0.2 to 3.4 around the global inter-
cept of 0.9 (Figure 2A), whereas for EBV the range of the ran-
dom intercepts was 1.6–6.2 and the global intercept was
estimated to be 3.8 (Figure 2B).

Associations of Predictors and Covariates With Changes in CD4+, CD8+,
and CD4/CD8 T-Cell Dynamics
We included 2 predictors (CMV and EBV random intercepts)
and 3 covariates (age, peak viral load, and timing of ART initi-
ation) in the mixed-effects asymptotic regression model
(Table 2). For CD4+ counts, each increase in the CMV intercept
by 1 SD was associated with a faster rate of increase (P < .01; eg,
100 − exp(−exp(−5.24 + 0.37))/exp(−exp(−5.24))*100 = 0.2%),
while the baseline and asymptotic values were unaffected
(P > .1). For CD8+, CMV intercept levels were positively associ-
ated with asymptotic values (P < .05) but not with baseline val-
ues or rates of change (P > .1). Increased CMV levels were
associated with lower baseline and asymptote values and with
a faster rates of change in the CD4/CD8 ratio (P < .05). To visu-
alize these negative effects of CMV on the ratio, we categorized
participants into 3 groups by their CMV intercept levels. The
bottom third group reached a higher level of the CD4/CD8
ratio over time than the other 2 groups or the global intercept
(Figure 3C), while the top third group had a lower asymptote
than the global intercept (Figure 3A). The asymptote of the
middle third group roughly matched the intercept (Figure 3B).Ta
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Figure 2. Posterior medians and 95% credible intervals (CIs) for cytomegalovirus (CMV; A) and Epstein-Barr virus (EBV; B) DNA counts, derived from Bayesian hierarchical
regression models. Small black dots indicate observed data. Large gray dots, vertical gray lines, and the horizontal gray line indicate estimated random intercepts for partic-
ipants, 95% CIs, and the global intercept, respectively. Observed values are jittered to avoid overlap.

Figure 3. Model-predicted trajectories of the CD4+/CD8+ ratio by cytomegalovirus (CMV) intercept level: bottom one-third (A), middle one-third (B), and top one-third (C).
Light gray lines indicate individual participants. Thin and thick red lines indicate predicted trajectories for individuals and CMV groups, respectively. Thick gray line represents
the local regression curve fitted to each group. Abbreviation: ART, antiretroviral therapy.
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Figure 4 shows the CD4+ and CD8+ T-cell trajectory individu-
ally (top and middle row) related to the CD4/CD8 ratio (lower
row). When the EBV intercept was included in a model for
CD4+, the model did not reach convergence and was unable to
produce results. Yet, increased EBV intercept levels were associ-
ated with higher baseline CD8+ cells (P < .05), while their associ-
ations with asymptote and the rate of change were not significant
(P > .05). Reflecting the positive effect of the EBV intercept on
CD8+ baseline, EBV intercept levels were negatively associated
with CD4/CD8 baseline (P < .05), but not with asymptote of
the rate of change (P > .1). Age was associated with the asymptote
of CD4/CD8 (P < .05). Specifically, participants older by an SD
from the mean were predicted to have a higher CD4/CD8 ratio
at asymptote by 0.13. Age was not associated with any other pa-
rameters (P > .1). One SD increase in log of peak viral load from
the mean was associated with higher baseline CD8+ cell counts by
169 (P < .01). Peak viral load was not associated with any other pa-
rameters (P > .05). The log of the timing of ART initiation was as-
sociated with CD8+ baseline and the rate of change (P < .05). A
delay in ART initiation by 1 SD led to a lower CD8+ baseline
value by 118 cells/μL and a slower rate of change. The timing of
ART was not associated with any other variable (P > .05).

Because both CMV intercepts and age affected the CD4/CD8
ratio, we included both variables in a multivariate model. The
result remained the same; CMV still significantly affected all
aspects of change (P < .05), while age’s effect on asymptote
remained significant (P < .05). These independent effects of
CMV and age may reflect the fact that these variables were un-
correlated (Pearson r =−0.01).

We evaluated how robust the effects mentioned above were by
fitting alternative models. We define robust effects as having
P < .05 in 60% andP < .1 in 80%of the convergedmodels (Table 3).
The CMV effects on CD8+ asymptote and CD4+/CD8+ asymptote
and baseline were robust, while the EBV effects on CD8+ and
CD4+/CD8+ baseline emerged robust as well. Among the 3 covar-
iates, the age effect on CD4+CD8+ asymptote, the peak viral load
effect on CD8+ baseline, and the timing of the ART initiation on
CD8+ baseline and the rate of change emerged as robust.

DISCUSSION

To better understand the role of asymptomatic CMV and EBV
replication in blood cells on CD4/CD8 recovery, we investigated
a well-characterized cohort of HIV/CMV/EBV-coinfected
MSM who started ART during the early phases of HIV infec-
tion and sustained stable HIV RNA suppression. Levels of
CMV measured in peripheral blood cells were negatively asso-
ciated with lower CD4/CD8 ratio at baseline and with lower
predicted maximum CD4/CD8 ratio during ART. When look-
ing at CD4+ and CD8+ T cells individually, levels of CMV DNA
were not associated with CD4+ T-cell counts at baseline nor
with rate of change over time. On the other hand, higher levels
of CMV DNA were positively associated with higher CD8+ T-
cell levels over time. This suggests that the negative effect of
CMV on the CD4/CD8 ratio is mainly driven by an expansion
of CD8+ T cells rather than slower recovery of CD4+ T cells. As
a comparison, levels of EBV DNA were associated with higher
CD8+ T cells and lower CD4/CD8 at baseline, but did not affect
the rate of CD4/CD8 recovery over time.

Figure 4. Model-predicted trajectories for CD4+ (top row), CD8+ (middle row), and CD4/CD8 ratio (bottom row) by cytomegalovirus (CMV) intercept. Thin light gray lines
indicate projected trajectories for each individual participant. Thick black lines show average estimates for each combination of the CMV groups and the outcomes.
Abbreviation: ART, antiretroviral therapy.
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The only other factor associated with better CD4/CD8 recov-
ery was older age. Older participants were predicted to have a
higher CD4/CD8 ratio during ART. This is inconsistent with
previous reports, which suggested that older HIV-infected peo-
ple have a worse immune recovery [24, 25]. This analysis was
biased by the narrow age range in our cohort (only 9 people
aged >50 years), which might have affected our ability to deter-
mine the effect of older age on CD4/CD8 ratio.

Because both CMV and age affected the CD4/CD8 ratio, we
included both variables in a multivariate model, and both fac-
tors remained significantly associated with CD4/CD8 during
ART (P < .05).

Higher peak viral load and earlier initiation of ART after in-
fection were associated with higher CD8+ T cells at baseline but
not with CD4/CD8 ratio during ART. Previous studies reported
that earlier ART initiation was associated with normalization of
CD8+ counts and better CD4/CD8 recovery [26, 27]. Almost all
of our participants started ART within the first year of HIV in-
fection, and we did not include any chronically infected individ-
uals. Our power to detect an effect of early ART was limited.
One possible explanation for the inverse association between
shorter time of ART initiation and higher CD8+ T cells might
be that people with higher CD8+ T cells present more sympto-
matic primary HIV infection and, consequently, earlier diagno-
sis and treatment.

In summary, persistently low levels of CMV replication could
contribute to incomplete recovery of CD4/CD8 ratio in people
who started ART during the earliest phases of HIV infection.
This is important as incomplete recovery of CD4/CD8 ratio is
associated with increased mortality and morbidity during HIV
infection [8].

This study had a number of limitations. Because this was an
observational study, we cannot establish a causal relationship
between CMV and T-cell dynamics, and the extent of immune
activation during HIV infection could be a determinant of
CMV shedding and CD8+ T-cell proliferation. Our data are
consistent with previous studies showing that CMV drives
CD8+ T-cell inflation [14]. As many as half of all CD8+ T
cells can be CMV reactive [28–30], and the percentage of
CD8+ T cells specific for CMV antigens is further increased
in HIV-infected persons [31–34]. Although the precise mecha-
nism connecting CMV and CD8+ T-cell expansion is unclear,
administration of the anti-CMV drug valganciclovir to HIV-
infected patients with incomplete CD4+ T-cell recovery reduced
CD8+ T-cell activation [35], suggesting that reactivation of
CMV could be a contributor of T-cell activation.

This study provides insights regarding connections between
asymptomatic CMV replication and CD4/CD8 dynamics dur-
ing the earliest phase of HIV infection. Even among individuals
who started ART early, asymptomatic CMV reactivation is as-
sociated with slower CD4/CD8 recovery. This effect seemed
unique to CMV as levels of EBV were not associated with any
difference in the CD4/CD8 ratio. Carefully designed clinical tri-
als targeting CMV will be crucial to understand the complex re-
lationships between CMV and HIV pathogenesis and immune
response and to direct the design of clinical strategies that will
have a positive effect on HIV disease progression and aging-
related complications.
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Table 3. Summary of Sensitivity Analyses

Predictor Outcome
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CD4/CD8 4 4 0 25 (75) 0

Timing of ART in month (log + 1) CD4 4 1 0 0 (100) 0

CD8 4 3 0 67 (100) 67 (100)

CD4/CD8 4 4 0 0 0

Abbreviations: ART, antiretroviral therapy; CMV, cytomegalovirus; EBV, Epstein-Barr virus; LRC, natural logarithm of the rate constant; NA, not available; Y0, baseline.
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