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ABSTRACT We explored if baseline CD4/CD8 T-cell ratio is associated with immu-
nodiscordant response to antiretroviral therapy in HIV-infected subjects. Comparing
immunodiscordant and immunoconcordant subjects matched by pretreatment CD4
counts, we observed a lower pretreatment CD4/CD8 T-cell ratio in immunodiscor-
dant subjects. Furthermore, pretreatment CD4/CD8 T-cell ratio, but not CD4 counts,
correlated with the main immunological alterations observed in immunodiscordants,
including increased regulatory T-cell (Treg) frequency and T-cell turnover-related
markers. Then, in a larger cohort, only baseline CD4/CD8 T-cell ratio was indepen-
dently associated with immunodiscordance, after adjusting by the viral CXCR4-tropic
HIV variants. Our results suggest that the CD4/CD8 T-cell ratio could be an accurate
biomarker of the subjacent immunological damage triggering immunodiscordance.
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thymic function, CD4/CD8 ratio, antiretroviral therapy, human immunodeficiency
virus, immunodiscordant

pproximately one out of four HIV-infected subjects with delayed combination

antiretroviral therapy (cART) initiation persistently maintains low CD4 counts de-
spite suppressive cART (subjects immunodiscordant to cART) and shows increased risk
of non-AIDS-related events and mortality (1, 2). Traditional associated risk factors for
such anomalous immune responses to cART include age, male sex, low CD4 nadir,
injection drug use, and hepatitis C virus (HCV) coinfection (reviewed in references 3 and
4). More recently, a predictive value for baseline CXCR4-tropic HIV variants has also
been proposed for both the low CD4 recovery (5) and the emergence of non-AIDS-
related events (6).

The HIV infection leads to an inversion of the CD4/CD8 T-cell ratio (7), and globally,
the CD4/CD8 T-cell ratio has been associated with clinical progression, independently
of CD4 counts (7-9). However, whereas a low baseline CD4 count is undoubtedly
associated with immunodiscordance, a potential different meaning of the baseline
CD4/CD8 T-cell ratio has not yet been explored. Nevertheless, we have recently
reported that CD4/CD8 T-cell ratio is associated with thymic function in antiretroviral-
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FIG 1 CD4 T-cell counts and CD4/CD8 T-cell ratios in matched LR and HR subjects. Despite similar
baseline CD4 T-cell absolute counts between LR subjects and HR subjects (A), baseline CD4/CD8 T-cell
ratio was lower in LR subjects (B). The Mann-Whitney U test was used for comparison.

naive subjects (10), and a low thymic function is a possible trigger of immunodiscor-
dance (11). Thus, our objective was to analyze if the baseline CD4/CD8 T-cell ratio is
associated with immunodiscordant response to cART.

RESULTS

We have analyzed pre-cART samples of HIV-infected subjects who had started cART
with <200 CD4 T cells/mm?3 and, after 24 months of successful therapy, did not reach
250 CD4 T cellsymm3 (low-CD4-recovery [LR] subjects) or overcame this threshold
(high-CD4-recovery [HR] subjects). We first compared the CD4/CD8 T-cell ratio in
pre-cART samples of LR and HR subjects from a previous study where both groups had
been frequency matched by sex, age, baseline CD4 counts, and viral load (12). Data for
CDS8 counts were not available from the source cohort (CoRIS), but CD8 and CD4 T-cell
frequencies had been determined by flow cytometry in most samples (19 LR and 19 HR
subjects), and such frequencies were used to calculate the CD4/CD8 T-cell ratio.
Interestingly, despite similar baseline CD4 T-cell absolute counts between LR subjects
and HR subjects, baseline CD4/CD8 T-cell ratio was lower in LR subjects (Fig. 1A and B,
respectively; see also Table S1 in the supplemental material). Moreover, the CD4/CD8
T-cell ratio was strongly associated inversely with the T-regulatory cell (Treg) frequency,
the percent CD4* Ki67+ cells, and the expression of CD95 (mean fluorescence inten-
sity) on CD4 T cells (Fig. 2A to C). However, only the percent CD4* Ki67* cells was
associated with CD4 counts (Fig. 2D to F).

In a subgroup of these matched LR and HR subjects, we could also determine the
HIV tropism (16 LR versus 17 HR), and we observed a trend of higher frequency of
CXCR4-tropic HIV variants in LR subjects (31.3% versus 11.8%, respectively; P = 0.17). To
better address the associations between baseline CD4/CD8 T-cell ratio and viral tropism
with immunodiscordance, we extended our analysis to include more subjects. Thus, an
additional 58 subjects (12 LR and 46 HR), with available plasma samples before cART
initiation, were included. After assembling the two groups of LR and HR subjects, we
finally analyzed a total of 91 subjects (28 LR and 63 HR), and their baseline character-
istics are shown in Table 1. Of note, the CD4/CD8 T-cell ratios from the two groups of
subjects (the initial matched group and the additional subjects) were comparable
despite different calculations (Fig. S1a and b).

Comparing all LR and HR subjects, lower baseline CD4 counts and CD4/CD8 T-cell
ratio but a trend of higher frequency of CXCR4-tropic HIV variants and of subjects
exposed to protease inhibitor (Pl)-containing regimens were found in LR subjects. Two
alternative multivariate model analyses were performed due to the colinearity between
CD4 counts and CD4/CD8 T-cell ratio (Table 1). Thus, in the adjusted model including
baseline CD4 counts, this variable showed a trend of independent association, whereas
in the alternative model, the baseline CD4/CD8 T-cell ratio was independently associ-
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FIG 2 Correlations between CD4/CD8 T-cell ratio or CD4 T-cell counts and different immunological parameters in subjects from the case-control
study. Correlations between CD4/CD8 T-cell ratio or CD4 counts and the percentage of Tregs (A and D, respectively), the percentage of CD4 T
cells expressing Ki67 (B and E, respectively), and the mean fluorescence intensity (MFI) of CD95 expression on CD4 T cells (C and F, respectively)

are shown. The Spearman rank test was used for correlations.

ated with the poor CD4 recovery. In both models, frequencies of CXCR4-tropic HIV
variants and Pl-containing regimen exposure were displaced.

DISCUSSION

We report here that a lower baseline CD4/CD8 T-cell ratio characterizes subjects with
delayed cART initiation, who will undergo low CD4 recovery despite suppressive cART.
Adjusted analysis revealed a predictive value for the baseline CD4/CD8 T-cell ratio.
Furthermore, baseline CD4/CD8 T-cell ratio, more than baseline CD4 count, was in-
versely associated with CD4 T-cell turnover-related markers and the frequency of Tregs.

To the best of our knowledge, this is the first time that the baseline CD4/CD8 T-cell
ratio has been analyzed as a potential risk factor for immunodiscordant response to
cART. Our data interconnect recent findings regarding the higher risk of morbidity and
mortality associated with both low-CD4-recovery subjects (1, 2) and low-CD4/CD8-T-
cell-ratio subjects (7, 8). More importantly, although the CD8 T-cell pool has not been
classically considered relevant in this scenario, our data suggest that homeostasis
of the CD8 T-cell pool, probably interacts with the homeostasis of CD4 T cells, also
contributing to this scenario. Indeed, Casetti et al. have recently described a role of
MIP1a-producing CD8 T cells in the compromised immune reconstitution after cART
(13).

The subjacent meaning of the CD4/CD8 T-cell ratio in this scenario is unknown. We
have recently reported a positive association between the baseline CD4/CD8 T-cell ratio
and the thymic function in antiretroviral-naive HIV-infected subjects (10). Such an
association would gain particular relevance in the context of immunodiscordance to
cART, where a lower thymic function could be a primary immunological mechanism
(11). This hypothesis still needs to be demonstrated but is also supported by the strong
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TABLE 1 Predictive value of baseline clinical and demographical variables for the low-CD4-recovery subjects despite suppressive cART

Subject group (n)? 0Odds ratio (95% ClI); P"
Multivariate Multivariate
Variable LR (28) HR (63) Univariate analysis model 1¢ model 2f
Male sex, no./total no. (%) 25/28 (89) 56/63 (89) 1.04 (0.25-4.36); 0.9
Age (yr), median (IQR) 42 (33-49) 37 (30-48) 0.97 (0.94-1.02); 0.2
CD4 count (cells/ul), median (IQR) 68 (32-126) 121 (47-165) 1.01 (1.00-1.02); 0.022 1.01 (1.00-1.02);
0.065
CD8 count (cells/ul),” median (IQR) 631 (301-872) 529 (317-660) 1.00 (0.99-1.00); 0.7
CD4/CD8 T-cell ratio,> median (IQR) 0.08 (0.05-0.18) 0.16 (0.10-0.30) 2.12 (1.25-3.59); 0.005 1.94 (1.14-3.29);
0.014
Viral load (log HIV RNA copies/ml), median (IQR) 4.8 (4.2-5.3) 49 (4.7-5.4) 1.42 (0.84-2.42); 0.2
Time to HIV diagnosis (mo), median (IQR) 1 (0-16) 2 (0-21) 1.00 (0.99-1.01); 0.8
Injection drug use, no./total no. (%) 4/28 (14) 12/63 (19) 0.71 (0.21-2.43); 0.6
Previous stage C event, no./total no. (%) 9/28 (32) 21/63 (33) 0.95 (0.37-2.45); 0.9
Anti-HCV™, no./total no. (%) 6/27 (22) 9/61 (14) 1.68 (0.53-5.31); 0.4
Anti-HBV*, no./total no. (%)9 4/24 (17) 7/61 (12) 1.54 (0.41-5.84); 0.5
CXCR4-tropic HIV variants, no./total no. (%) 10/28 (36) 11/63 (17) 2.63 (0.95-7.21); 0.061 2.24 (0.76-6.60); 1.71 (0.57-5.07);
0.15 0.3
Pl-containing regimen, no./total no. (%) 17/28 (54) 22/63 (35) 2.15 (0.87-5.32); 0.097  2.20 (0.85-5.70); 2.13 (0.81-5.66);
0.11 0.14

Highly toxic NRTI-containing regimen, 2/28 (7) 2/28 (3) 2.35 (0.31-17.56); 0.4
no./total no. (%)’

aData available from only 58 subjects.

bIn 58 subjects, the CD4/CD8 T-cell ratio was calculated from the absolute T-cell counts, whereas in 33 subjects, it was calculated from the flow cytometry
immunophenotyping; CD4/CD8 T-cell ratio values were multiplied by 10 for univariate and multivariate analyses to minimize the range of the 95% ClI.

<CDC stage classification. Hepatitis C virus (HCV) serology data were available from 88 subjects (27 LR subjects and 61 HR subjects).

9Data available from only 85 subjects.

eModel 1 included CD4 counts and Pl-containing regimen and CXCR4-tropic HIV variants.

"Model 2 included CD4/CD8 T-cell ratio and Pl-containing regimen and CXCR4-tropic HIV variants.

gContinuous variables are expressed as median value (IQR), and categorical variables are expressed as number of cases (%).

hitalic or boldface P values indicate trends or statistical significance, respectively.

iZidovudine (AZT), stavudine (d4T), didanosine (ddi), and zalcitabine (ddc).

inverse associations between CD4/CD8 T-cell ratio and turnover-related markers (Ki67
and CD95) as well as the Treg frequency. Note that a CD4/CD8 T-cell ratio lower than
0.1 is associated with an abrupt increase in Treg frequency, and consistently, we have
reported a higher Treg frequency and T-cell turnover in LR subjects before cART
instauration (12).

Classical studies on immunodiscordance to cART suggested a deleterious effect of
CXCR4-tropic HIV variants on CD4 recovery (14). Accordingly, we also found a higher
baseline of CXCR4-tropic HIV variants in low-CD4-recovery subjects. However, in the
adjusted analyses, the baseline CD4/CD8 T-cell ratio was the only variable indepen-
dently associated with immunodiscordant responses to cART. This suggests that CD4/
CD8 T-cell ratio could reflect immunological damage, probably involving a lower
thymic function and an enhanced T-cell turnover, which could eventually favor the
emergence of CXCR4-tropic HIV variants. In accordance, the switch from CCR5-tropic to
CXCR4-tropic HIV variants has been proposed to occur in the context of enhanced
cellular turnover of CD4 T cells (15) and has also been demonstrated to occur in
macaques infected with simian immunodeficiency virus (SIV) CCR5-tropic variants
during their progression (16).

Future research focused on our findings could help in early diagnosis of immuno-
discordants to therapy among late presenters. However, as noted, CD4/CD8 T-cell ratios
were very low even in immunoconcordant subjects, which could make it difficult to
identify a clinically relevant threshold. Classical risk factors, such as male sex or older
age, associated with immunodiscordant response to cART were not observed in our
cohort, probably due to the inclusion of a group of LR and HR subjects matched by
these and other variables. This fact prevented us from studying the potential contri-
bution of such risk factors to the effect of the CD4/CD8 T-cell ratio on the immuno-
discordance phenomenon. On the other hand, we did not have available data of CD8
counts from a subgroup of subjects, but the CD4/CD8 T-cell ratio calculated by using
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immunophenotyping data proved to be equivalent to the values calculated by using
absolute T-cell numbers.

In summary, our study indicates that the baseline CD4/CD8 T-cell ratio is a potent
risk factor, beyond the CD4 counts, associated with immunodiscordance among sub-
jects with delayed cART initiation. Additionally, the CD4/CD8 T-cell ratio seems to
reflect, better than the CD4 counts, the deep immunological damage of the T-cell
homeostasis triggering such an anomalous response to cART.

MATERIALS AND METHODS

Subjects and study design. We selected pre-cART samples of LR subjects and HR subjects from two
different sources: (i) from a previous case-control study (12) with LR and HR subjects from CoRIS-BioBank
(see the supplemental material for details) and (ii) consecutive LR and HR subjects visiting the Infectious
Diseases Service of Virgen del Rocio University Hospital. First, we included LR and HR subjects from a
previous study (12) where both groups had been frequency matched by sex, age, baseline CD4 counts,
and viral load. For these subjects, peripheral blood mononuclear cell (PBMC) samples were available and
flow cytometry had been performed for immunophenotyping, including CD4, CD8, Ki67, CD95, and Treg
cells (see the supplemental material for details). Additionally, for those with available plasma samples,
the HIV tropism was determined. Second, consecutive LR and HR subjects were additionally selected
from the Infectious Diseases Service of the Virgen del Rocio Hospital (see the supplemental material for
details) including those fulfilling criteria for definitions and having available plasma samples for the
determination of the HIV tropism.

Factors predictive of becoming an LR subject were analyzed among baseline data after assembling
both groups of LR and HR subjects. Thus, baseline clinical and demographic data, including age, sex, CD4
and CD8 count and ratio, viral load, HCV and HBV coinfection, time from HIV diagnosis, transmission
route, and previous AIDS diagnosis were considered. Baseline HIV tropism was also included, analyzed
by a genotypic method (geno2pheno; see the supplemental material for details). We also analyzed
different types of antiretroviral treatment, such as protease inhibitor (Pl) exposure and highly toxic
nucleotide analogue (nucleoside reverse transcriptase inhibitor [NRTI]) exposure (including zidovudine
[AZT], stavudine [d4T], didanosine [ddi], and zalcitabine [ddc]). Written informed consent had been
obtained for every patient at the patient’s entry in the cohorts.

Statistical analysis. Data are expressed as median and interquartile range (IQR) and numbers and
percentages as required. Following univariate analyses, multivariate logistic regression was fitted to
evaluate the adjusted effect of baseline variables on becoming an LR subject. Variables presenting P
values of <0.15 in the univariate analysis were introduced into the multivariate analysis. Odds ratios with
95% confidence intervals (Cls) are shown. A P value of <0.05 was considered statistically significant. The
statistical analysis was performed and graphs were made using the Statistical Package for the Social
Sciences software (SPSS 21.0; USA) and Prism version 5.0 (GraphPad Software, USA), respectively.

SUPPLEMENTAL MATERIAL
Supplemental material for this article may be found at https://doi.org/10.1128/AAC
.00605-17.

SUPPLEMENTAL FILE 1, PDF file, 0.2 MB.
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