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Abstract

Objectives

To study the association between CD4/CD8 ratio and morbidity in HIV-infected patients on

antiretroviral therapy (ART).

Methods

The APROCO/COPILOTE cohort enrolled patients initiating a protease inhibitor-containing

ART in 1997–1999. The association between occurrence of first non AIDS-defining severe

events (NADE) and time-dependent measures of immune restoration was assessed by 4

Cox models with different definitions of restoration, CD4+ cell counts (CD4), CD4/CD8 ratio,

both CD4 and CD4/CD8 ratio, or a composite variable (CD4< 500/mm3, CD4 > 500/mm3

and CD4/CD8 ratio < 1, CD4 > 500/mm3 and CD4/CD8 ratio > 1). Models adjusted on base-

line characteristics and time-dependent viral load were compared using Akaike Information

Criterion.

Results

We included 1227 patients. Median duration of follow-up was 9.2 years (IQR: 4.2–11.4).

Median CD4 was 530/mm3 at 9 years. Median CD4/CD8 ratio was 0.3 (IQR: 0.2–0.5) at

baseline and 0.6 (IQR: 0.4–0.9) after 9 years. Incidence of first NADE was 7.4/100 person-

years, the most common being bacterial infections (21%), cardiovascular events (14%) and
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cancers (10%). For both bacterial infections and cardiovascular events, the CD4/CD8 ratio

did not add predictive information to the CD4 cell count. However, low CD4/CD8 ratio was

the best predictor of non-AIDS cancers (adjusted HR = 2.13 for CD4/CD8 < 0.5; 95% CI =

1.32–3.44).

Conclusions

CD4/CD8 ratio remains < 1 in most HIV-infected patients despite long-term CD4+ cell

counts restoration on ART. A CD4/CD8 ratio < 0.5 could identify patients who require a

more intensive strategy of cancer prevention or screening.

Introduction
Morbidity and mortality of HIV-infected people treated with combination antiretroviral therapy
(cART) are now dominated by non AIDS-defining events (NADE) [1–5]. As in general popula-
tion, NADE could be promoted by multiple factors, including comorbidities such as chronic hep-
atitis, arterial hypertension and diabetes, and high-risk behaviours such as smoking and alcohol
consumption [6–7]. There is however a persistent higher incidence of morbid events in HIV-
infected patients compared to the general population, which might be driven by specific factors
among which immune activation linked to accelerated aging seem to be prominent [8–10].

While normalisation of CD4+ cells count above 500/mm3 is frequent under cART, normali-
sation of CD4/CD8 ratio above 1 is much slower, due mostly to persistence of elevated CD8
cell counts [11]. This persistently low CD4/CD8 ratio has been demonstrated to reflect persis-
tent innate and adaptive immune activation in HIV-infected patients [12]. Moreover, in the
general population, a low CD4/CD8 ratio is associated with risk of death in the elderly [13] and
may thus be a marker of early immunosenescence in HIV-infected patients. We thus hypothe-
sized that CD4/CD8 ratio, an easily available marker of persistent immune activation, might be
a predictor of morbidity in HIV-infected patients on cART. We specifically searched to deter-
mine whether the CD4/CD8 ratio brought more information than usual immunological and
virological markers in predicting the occurrence of NADE in a cohort of HIV-infected patients
with a long-term follow-up on cART.

Methods

Patients and variables
The ANRS CO8 (Aproco/Copilote) cohort study was conducted in 47 clinical centres in France
from 1997 to 2009 [14]. In total, 1281 patients were enrolled between May 1997 and June1999
at the first initiation of a protease inhibitor-containing antiretroviral therapy and followed in
the cohort until December 2009. After the inclusion visit, patients were followed at 1 and 4
months after initiation of treatment, and then every 4 months. During follow-up visits, CD4
+ and CD8+ cells counts, and plasma HIV RNA were updated. Severe clinical events were
recorded prospectively, monitored by clinical research assistants and validated by an event vali-
dation committee [1]. All cancers were histologically proven. An event was considered severe
when life threatening or leading to hospitalization or death. Non AIDS-defining severe events
were those that did not fulfil the criteria for AIDS according to the 1993 CDC classification
and were not obviously related to antiretroviral drugs [1]. HCV infection was defined by the
presence of anti-HCV antibodies and HBV infection by the presence of HBs antigen.
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Socioeconomic and behavioural characteristics, including alcohol and tobacco consumptions,
were collected using a self-administered questionnaire at baseline. All patients included in the
APROCO/COPILOTE cohort provided written informed consent and the protocol was
approved by the “Comité de Protection des Personnes se prêtant à la Recherche Biomédicale”
of the Cochin Hospital (Paris).

Statistical analysis
For the description of NADE and the analysis of potential determinants of the occurrence of
the first NADE during long-term cART, we selected only NADE that occurred after the initial
response to cART, i.e. after 4 months of follow-up (M4). Therefore, patients who died or were
lost to follow-up before M4 were excluded from analyses.

Potential determinants of the occurrence of the first NADE after M4 were studied using
Cox proportional hazards regression models. Data were censored at last follow-up in the
cohort or death. Plasma HIV RNA, CD4+ cell count (CD4) and CD4/CD8 ratio recorded dur-
ing follow-up after M4 as well as a composite immune restoration variable built in three cate-
gories (CD4< 500/mm3, CD4> 500/mm3 and CD4/CD8 ratio� 1, CD4> 500/mm3 and
CD4/CD8 ratio> 1), were treated as time-dependent variables. We first studied the association
between time-dependent CD4+ cells count, CD4/CD8 ratio and the occurrence of NADE in
bivariate analyses. The cut-off values for transformation of these two continuous variables into
categorical variables were those having the maximal likelihood in the bivariate analyses using
the Akaike information criterion (AIC). Then we constructed a multivariable model of predic-
tors of first non-AIDS defining event, including baseline characteristics and time-dependent
plasma HIV RNA level. Variables associated with a p-value of 0.25 in bivariable analysis were
included in the initial multivariable model and a backward selection procedure retaining only
significant variables (p< 0.05) was then used to yield a final multivariable model.

Finally, we used the AIC (the lower value being associated with maximal likelihood and
thus with best prediction of outcome) to compare the four following Cox models adjusted on
baseline variables and time-dependent plasma HIV RNA: (i) model with CD4, (ii) model with
CD4/CD8 ratio, (iii) model with both CD4 and CD4/CD8 ratio, (iv) model with the composite
immune restoration variable.

The same approach was then used to analyse the first non AIDS-defining bacterial infection,
the first cardiovascular event, and the first non AIDS-defining cancer respectively. All statisti-
cal analyses were performed using SAS software, version 9.3 (SAS Institute, Inc, Cary, NC,
USA).

Results
Of the 1281 patients included in the cohort, 1227 (96%) patients having at least four months of
follow-up were selected for the present analysis. The median duration of follow-up was 9.2
years, (interquartile range (IQR): 4.2–11.4). At baseline the median age was 36 years (IQR 32–
43), men accounted for 77% of the sample, the main presumed mode of transmission was sex
between men (40.1%) and 44.7% of patients were antiretroviral naïve. Median baseline CD4
+ cells count was 278/ mm3 (IQR 129–422), median CD4/CD8 ratio was 0.3 (IQR 0.2–0.5) and
98.1% of patients had a CD4/CD8 ratio less than 1. Median plasma HIV RNA was 4.5 log10
copies/ml (IQR 3.7–5.2).

The majority of patients had immunological and virological response to cART. The propor-
tion of patients with plasma HIV RNA< 500 copies/mL was 60% at 12 months, 87% at 9 years
and 93% at 12 years. Median CD4+ cell count was 410/ mm3 at 12 months, 530/mm3 at 9 years
and 585/mm3 at 12 years. The proportion of patients with CD4+ cells count> 500/mm3 was
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60% at 9 years and 74% at 12 years. Median CD4/CD8 ratio increased during follow-up to
reach 0.6 (IQR: 0.3–0.9) at 9 years and 0.8 (IQR: 0.5–1.1) at 12 years of follow-up, the propor-
tion of patients having a CD4/CD8 ratio> 1 reaching 20% at 9 years and 30% at 12 years.

During follow-up, 536 of 1227 patients 43.7%) in the study had at least one NADE after M4,
totalising 1152 NADE throughout follow-up (Table 1). Incidence of first NADE was 7.4/100
persons-years of follow-up. The most common were bacterial infections (21%), cardiovascular
events (14%) and cancers (10%). In multivariable analysis without any measure of immune res-
toration, occurrence of first NADE was associated with older age, CDC stage C, HCV and
HBV infection at baseline and time-dependent plasma HIV RNA level (hazard ratio = 0.70 for
HIV RNA< 500 copies/mL vs> 500 copies/mL (95% confidence interval: 0.58–0.8). Associa-
tions with gender, transmission risk group, alcohol or tobacco use at baseline were not signifi-
cant (Table 2).

When comparing adjusted models including four different measures of immune restoration
during follow-up, the model associated with the maximum likelihood was the model contain-
ing only time-dependent CD4+ cells count and the higher risk of morbidity was associated
with a last CD4+ cells count< 100/mm3, while the difference between higher strata of CD4+-
cells count was minimal (Table 3).

We performed the same analyses for the first non AIDS-defining severe bacterial infection,
the first cardiovascular severe event, and the first non AIDS-cancer respectively. The CD4/
CD8 ratio did not add supplementary prognostic information when added to the CD4+ cell
count (data not shown for bacterial infections and cardiovascular events), except for the predic-
tion of the first non-AIDS cancer for which both CD4+ cell count< 100/mm3 and CD4/
CD8< 0.5 were independently associated with a higher risk of event and the model containing
only the CD4/CD8 ratio was associated with the higher likelihood with an HR of 2.13 for CD4/
CD8< 0.5 vs� 0.5 (95% CI = 0.31–0.90) (Table 4).

Discussion
In the Aproco/Copilote cohort, the CD4/CD8 ratio increased progressively over time and con-
tinued to increase until 12 years of follow-up on cART, but remained below 1 for the majority
of patients. The study confirmed the high incidence of NADE in this cohort and showed that
these events were associated with persistence of profound immunodeficiency, i.e. very low CD4
+ cell count under treatment. This association was however mainly observed in the minority of
patients who had CD4 cells count remaining below 100/ mm3. The CD4/CD8 ratio did not add
predictive information on morbidity to the CD4+ cells count, except for non-AIDS cancers for
which a ratio< 0.5 constituted the main immunological predictor of these events with a twice
higher risk of non AIDS cancer in patients with a CD4/CD8 ratio< 0.5.

One of the strengths of our study is the extended follow-up duration, giving both chance to
observe a high number of events and time to observe immune restoration. To our knowledge,
this study is the first to analyse morbidity on cART with such an extended follow-up duration.
In addition, by recruiting patients in 47 medical centres in France with a standardised data col-
lection carried out by qualified personnel, this study gave us a good representation of the popu-
lation of patients who started cART in France in the late 1990s. Moreover, all severe events in
the cohort were monitored, which gave us completeness in the collection of events. These
events were validated by an endpoint review committee constituted by experienced clinicians
(see events validation committee in appendix), which reinforces the validity of the diagnoses.
These strengths probably compensate, at least in part, for the relatively small number of
patients. Among the limitations of the study, the most important is probably also the recruit-
ment of patients in the late 1990’s, during the early days of cART, where regimens were still
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Table 1. Description of the 1152 non-AIDS defining events observed in 1227 patients who had at least
four months in the follow-up. APPROCO/ COPILOTE (ANRS CO8) cohort study 1997–2009.

Non-AIDS defining events n (%)

Bacterial infections 241 (20.9)

Airway bacterial infections 122 (10.5)

Upper airway bacterial infections 7 (0.6)

Lower airway bacterial infections 115 (10.0)

Intra-abdominal infections 43 (3.7)

Skin and soft tissue infections 17 (1.5)

Anal and perianal infections 8 (0.7)

Bone and joint infections 7 (0.6)

Bacteremia 19 (1.7)

Urinary tract infections 15 (1.3)

Other bacterial infections 10 (0.9)

Cardiovascular events 160 (13.9)

Ischemic events 103(8.9)

Coronary events 59 (5.1)

Arterial events 28 (2.4)

Strokes 12 (1.0)

Other ischemic events 4 (0.4)

Non-ischemic events 26 (2.3)

Vascular events 36 (2.7)

Cancers 116 (10.1)

Solid cancers 103 (8.9)

Digestive cancers 40 (3.5)

Oesophagus 2 (0.2)

Stomach 5 (0.4)

Hepatocellular carcinoma 12 (1.0)

Pancreas 5 (0.4)

Colon and rectum 6 (0.5)

Anus 6 (0.5)

Other digestive cancer 4 (0.3)

Larynx and pharynx 14 (1.2)

Bladder and urinary tract 10 (0.9)

Lung 12 (1.0)

Skin 11 (1.0)

Other solid cancers 16 (1.4)

Hodgkin lymphoma 13 (1.1)

Digestives events 97 (8.4)

Cirrhosis 24 (2.1)

Pancreatitis 17 (1.5)

Others 56 (4.9)

Psychiatric events 73 (6.3)

Depression with or without suicide attempt 55 (4.8)

Other psychiatric disorders 18 (1.6)

Neurological events 56 (4.9)

Neurological events of central origin 34 (3.0)

Peripheral neuropathy 22 (1.9)

Kidney and urinary tract events 68 (5.9)

(Continued)
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suboptimal because of late initiation, previous exposure to nucleoside analogues and insuffi-
cient potency of the initially prescribed third agent, a first-generation unboosted protease
inhibitor. The proportion of patients reaching a high CD4/CD8 ratio may be higher for
patients who initiate cART nowadays with more potent combinations, although this might not
be the case for late-presenters. However, because the relationship between a biological marker
and morbidity is unlikely to evolve greatly over time, we believe that our main findings still
apply to people currently initiating cART. Moreover, thanks to the high potency of cART,
patients who initiated antiretrovirals in the 1990s still represent an important proportion of
people living with HIV in industrialized countries.

In our study, despite CD4 reconstitution with cART, the CD4/CD8 ratio increased but
remained below 1 for most patients. Other authors have also evidenced such a slow increase
with time. Tinago et al. in Ireland, showed that only 26% of patients treated with cART had a
CD4/CD8 ratio greater than 1 after 14 years of follow-up [15]. Leung et al. in Canada, studied
the predictors of normalization of CD4/CD8 ratio, defined as a ratio greater than 1.2, in over
4,000 HIV-infected patients initiating cART between 2000 and 2010 with a median follow-up
duration of less than 3 years. In this cohort, only 7.2% of patients had a CD4/CD8 ratio� 1.2
at the end of follow-up [16]. HIV RNA suppression, high baseline CD4+ cell counts and low
baseline CD8+ cell count were the main predictors of normalisation of the CD4/CD8 ratio. In
the Italian cohort ICONA, the proportion of normalisation of CD4/CD8 ratio above 1 was
29.4% at 5 years of follow-up and an additional factor found associated with higher ratio was
the lack of co-infection with cytomegalovirus (CMV) [17], a data that was not available in our
cohort. Co-infection with CMV was also a determinant of a lower probability to reach a CD4/
CD8 ratio above 1 in a transversal study conducted in Paris [18]. The mechanisms underlying
the slow recovery of CD4/CD8 ratio despite the effectiveness of cART remain poorly under-
stood. A persistent deficiency in naive CD8+ T cells [15] and/or a persistent activation of CD8
+ lymphocytes linked to persistent viral production or immune activation [12] have been
invoked, as well as a dysfunction of CD4+ regulatory T lymphocytes [19].

Table 1. (Continued)

Non-AIDS defining events n (%)

Viral infections 34 (3.0)

Varicella zoster infections 15 (1.3)

Other viral infections 19 (1.7)

Surgical diseases 55 (4.8)

Skin diseases 11 (1.0)

Endocrine diseases 10 (0.9)

Gynecological diseases 10 (0.9)

Hematological diseases 18 (1.6)

Events in relation with drug addiction 16 (1.4)

Ophtalmological diseases 7 (0.6)

Lung events 32 (2.8)

Rheumatological events 33 (2.9)

Trauma 40 (3.5)

General symptoms 25 (2.1)

Hypersensitivity reactions not related to cART 18 (1.6)

Deaths of unknown origin 10 (0.9)

Other events (scabies, malaria. . .) 22 (1.9)

doi:10.1371/journal.pone.0161594.t001
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Low CD4/CD8 ratio does not seem to increase the risk of AIDS or death nowadays [16],
which was not true in the earlier cART era [20]. We found that the CD4/CD8 did not provide
additional information to the CD4+ cell count in predicting the now much more frequent non-
AIDS-defining events, except for cancers. Our results are in discordance with those of three
previous studies. Mussini et al. in a study performed in the Italian cohort ICONA found a
higher risk of non-AIDS defining events in patients with a CD4/CD8 ratio< 0.3, indepen-
dently of the CD4+ cell count [17]. In this study, the most frequent event was acute kidney
injury, which is quite unusual. Serrano-Villar et al showed in the Madrid cohort that the CD4/
CD8 ratio was significantly lower in patients suffering from non AIDS events compared to the
other patients of the cohort, independently of CD4+ cells count and other prognostic factors,

Table 2. Factors associated with the occurrence of the first non-AIDS events. Final multivariate model without any measure of immune restoration.
APPROCO/ COPILOTE (ANRS CO8) cohort study 1997–2009.

Factor studied Non-AIDS events n (%) Crude HR p Adjusted HR 95%CI p

Age at baseline (years) 0.02 <0.001

<30 71 (38.0) 1 1

[30–40] 247 (40.4) 0.95 0.85 0.64–1.12

[40–50] 136 (48.6) 1.13 1.10 0.82–1.48

[50–60] 53 (51.5) 1.25 1.34 0.93–1.93

� 60 29 (63.0) 1.75 1.93 1.25–3.01

Gender 0.63

Male 415 (43.8) 1

Female 121 (43.2) 1.05

Presumed route of HIV transmission < 0.001

Sex between men 189 (38.4) 1

Sex between men and women 175 (42.9) 1.19

Intravenous drug use 105 (53.6) 1.77

Haemophilia 9 (69.2) 2.37

Others/unknown 40 (42.1) 1.19

CDC stage C at baseline 0.03 0.025

No 411 (42.0) 1 1

Yes 125 (50.4) 1.24 1.26 1.02–1.55

Tobacco smoking at baseline 0.02

Yes or unknown 357 (45.0) 1

No 179 (41.3) 0.81

Alcohol consumption at baseline 0.04

Yes or unknown 437 (42.9) 1

No 99 (47.6) 1.25

HBV infection 0.04 0.021

No 504 (43.2) 1 1

Yes 32 (54.2) 1.46 1.49 1.04–2.14

HCV infection < 0.001 <0.001

No 381 (40.1) 1 1

Yes 155 (56.2) 1.64 1.76 1.45–2.15

Time-dependent plasma HIV RNA (copies/mL) 0.001 <0.001

� 500 - 1 1

< 500 0.73 0.70 0.58–0.85

Abbreviations: HR: hazard ratio; CI: confidence interval.

doi:10.1371/journal.pone.0161594.t002
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and this finding was consistent for all types of events including cardiovascular ones and end-
stage kidney disease [21]. Of note, the number of events was low and the study used a case-con-
trol design, which is associated with a lower level of evidence than prospective studies. In the
Aquitaine cohort, a study focusing on severe bacterial infections showed that these events were
more frequent in patients with a CD4/CD8 ration< 0.8 [22]. A study performed in the US in
patients enrolled between 1998 and 2012 showed results more in accordance with ours, i.e. a
lack of association between low CD4/CD8 ratio and well-characterized NADE when adjusting
for CD4+ cell counts [23]. Of note, in this latter study, when assessing NADE by category, low
CD4/CD8 ratio was associated with a higher risk of coronary artery disease but not of cancer.

According to our findings, the CD4/CD8 ratio may not provide much additional information
to the CD4+ cell count in predicting the occurrence of all types of non-AIDS defining events.
Even if immune activation is probably a major driver of morbidity, this result is probably
explained by the fact that, for most morbid events occurring in patients infected with HIV, like

Table 3. Comparison of four measures of immune restoration in prediction of occurrence of first non AIDS-defining severe events. ANRSCO8
(APROCO/COPILOTE) 1997–2009.

Model 1 AIC = 6772.54

Time-dependent variable Adjusted* HR 95% CI p

CD4+ cell count (/mm3)

<100 1

100–200 0.39 0.25–0.60 <0.001

200–500 0.43 0.30–0.61 <0.001

� 500 0.31 0.21–0.46 <0.001

Model 2 AIC = 6796.47
Time-dependent variable Adjusted* HR 95% CI p

CD4/CD8 ratio

<0.5 1

0.5–1 0.86 0.71–1.05 0.16

� 1 0.71 0.53–0.96 0.03

Model 3 AIC = 6787.38

Time-dependent variable Adjusted* HR 95% CI p

Immune restoration variable

CD4� 500/mm3, CD4/CD8� 1 1

CD4� 500/mm3, CD4/CD8 > 1 0.88 0.62–1.23 0.46

CD4 < 500/mm3 1.39 1.13–1.70 0.001

Model 4 AIC = 6772.36

Time-dependent variable Adjusted* HR 95% CI p

CD4+ cell count (/mm3)

<100 1

100–200 0.39 0.25–0.60 <0.001

200–500 0.43 0.30–0.61 <0.001

� 500 0.31 0.21–0.46 <0.001

CD4/CD8 ratio

<0.5 1

0.5–1 1.02 0.82–1.26 0.85

� 1 0.88 0.64–1.22 0.46

Abbreviations: AIC: Akaike Information Criterion. HR: hazard ratio; CI: confidence interval.

* Adjusted on age, stage AIDS, plasma HIV RNA level, HCV and HBV infections.

doi:10.1371/journal.pone.0161594.t003
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cardiovascular disease or neuropsychological conditions, the main drivers are probably aging,
comorbidities and/or behaviour. Yet, non-AIDS-defining events are an extremely heterogeneous
group that often have little in common on a pathophysiological point of view. Therefore, to
study them as if they were a single event type, as is most usually done, appears questionable. In
particular, the type of immune activation that favours each specific comorbidity may be at least
in part specific. CD4/CD8 ratio is an indicator of CD4+ T cell lymphopenia and of CD8+ T cell
activation and some comorbidities may depend on none of these factors. Our analysis showed
actually that the effect of immune restoration and/or CD8+ T cell activation was quite different
according to the type of event with an independent role of the CD4/CD8 ratio evidenced only on
the risk of cancer. Independently of CD4+ cells count, the risk of cancer was indeed twice higher
in the subset of patients who had a CD4/CD8 ratio below 0.5. A previous study, performed in
patients on cART or not in the Swiss HIV cohort, is in accordance with our findings, by showing
a higher risk of Hodgkin lymphoma in patients having a very low CD4/CD8 ratio< 0.25, 1 to 2
years before diagnosis of malignancy [24]. Due to the low number of events, we were not able to
search for an effect of the CD4/CD8 ratio on specific types of cancers.

Table 4. Comparison of four measures of immune restoration in prediction of occurrence of first non
AIDS-defining cancer. ANRSCO8 (APROCO/COPILOTE) 1997–2009.

Model 1 AIC = 936.79

Time-dependent variable Adjusted* HR 95% CI p

CD4+ cell count (/mm3)

<100 1

100–200 0.22 0.05–0.92 0.04

200–500 0.35 0.13–0.92 0.03

� 500 0.22 0.08–0.59 0.002

Model 2 AIC = 932.16
Time-dependent variable Adjusted* HR 95% CI p

CD4/CD8 ratio

<0.5 2.13 1.32–3.45 0.002

�0.5 1

Model 3 AIC = 938.41
Time-dependent variable Adjusted* HR 95% CI p

Immune restoration variable

CD4� 500/mm3, CD4/CD8� 1 1

CD4� 500/mm3, CD4/CD8 > 1 0.64 0.62–1.23 0.34

CD4 < 500/mm3 1.47 0.87–2.47 0.14

Model 4 AIC = 933.40
Time-dependent variable Adjusted* HR 95% CI p

CD4+ cell count (/mm3)

<100 1

100–200 0.23 0.05–0.96 0.04

200–500 0.43 0.16–1.14 0.09

� 500 0.35 0.12–1.00 0.05

CD4/CD8 ratio

<0.5 1

�0.5 0.53 0.31–0.90 0.02

Abbreviations: AIC: Akaike Information Criterion. HR: hazard ratio; CI: confidence interval.

* Adjusted on age and HCV infection.

doi:10.1371/journal.pone.0161594.t004
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The CD4/CD8 ratio is easily available in clinical practice but rarely used in measuring
immunological response to cART. A low CD4/CD8 ratio reflects indeed quite different situa-
tions, including low CD4+ cell count and/or persistent CD8+ T cell immune proliferation,
which may preclude its clinical utility. However, our study suggests that monitoring CD4/CD8
ratio in patients receiving ART may be useful to identify a subset of patients at much higher
risk of non AIDS-defining cancer who may thus require a more intensive strategy of prevention
or screening.

Acknowledgments
The study was funded by ANRS (Agence Nationale de Recherche sur le sida et les hépatites vir-
ales). There are no other conflicts of interest. The authors would like to thank all participating
patients, nurses and physicians in clinical sites.

The members of the ANRS CO8 APROCO-COPILOTE Study Group are:

Scientific Committee
Steering Committee: Principal investigators: C. Leport, F. Raffi, Methodology: G. Chêne, R. Sal-
amon, Social sciences: JP. Moatti, J. Pierret, B. Spire Virology: F. Brun-Vézinet, H. Fleury, B.
Masquelier †, Pharmacology: G. Peytavin, R. Garraffo.

Other members: D. Costagliola, P. Dellamonica, C. Katlama, L. Meyer, D. Salmon, A. Sobel.
Events validation committee L. Cuzin, M. Dupon, X. Duval, V. Le Moing, B. Marchou, T.

May, P. Morlat, C. Rabaud, A. Waldner-Combernoux.
Project coordination L. Hardel, P. Reboud.
ANRS representatives S. Couffin-Cadiergues, L. Marchand.
Methodological, statistical and other contributions A. Assuied, P. Carrieri, S. Habak, F.

Couturier, C. Jadand, A. Perrier, M. Préau, C. Protopopescu.
Promotion Agence Nationale de Recherches sur le Sida et les hépatites virales (ANRS,

Action Coordonnée n°7).
Other support Collège des Universitaires de Maladies Infectieuses et Tropicales (CMIT ex

APPIT), Sidaction Ensemble contre le Sida and associated pharmaceutical companies: Abbott,
Boehringer-Ingelheim, Bristol-Myers Squibb, GlaxoSmithKline, Gilead Sciences, Pfizer and
Roche.

Clinical Centres (investigators) Amiens (Pr JL. Schmit), Angers (Dr JM. Chennebault),
Belfort (Dr JP. Faller), Besançon (Pr C. Chirouze, Pr N. Magy-Bertrand, Pr P. Humbert), Bor-
deaux (Pr M. Dupon, Pr M. Longy-Boursier, Pr P. Morlat, Pr D. Neau), Bourg-en-Bresse (Dr
P. Granier), Brest (Pr S. Ansart), Caen (Pr R. Verdon), Compiègne (Dr D. Merrien), Corbeil
Essonne (Dr P. Chevojon), Créteil (Pr Y. Levy, Pr A. Sobel), Dijon (Pr L. Piroth), Garches (Pr
C. Perronne), Lagny (Dr E. Froguel), Libourne (Dr J. Ceccaldi), Lyon (Pr C. Chidiac), Meaux
(Dr V. Grégoire), Montpellier (Pr J. Reynes), Nancy (Pr T. May), Nantes (Pr F. Raffi), Nice (Pr
JG Fuzibet, Pr P. Dellamonica), Orléans (Dr P. Arsac), Paris (Pr E. Bouvet, Pr F. Bricaire, Dr J.
Monsonego, Pr PM. Girard, Pr S. Herson, Pr C.Leport, Pr G. Pialoux, Pr O. Sain, Pr D. Salmon,
Dr P. Sellier), Poitiers (Pr P. Roblot), Reims (Pr R. Jaussaud), Rennes (Pr C. Michelet), Saint-
Etienne (Pr F. Lucht), Saint-Mandé (Pr T. Debord), Strasbourg (Pr T. Martin), Toulon (Dr JP.
De Jaureguiberry), Toulouse (Pr B. Marchou), Tours (Pr L. Bernard)

Author Contributions

Conceptualization:MNH TF RT CL FR VLM.

Data curation: CP.

CD4/CD8 Ratio and Non-AIDSMorbidity

PLOS ONE | DOI:10.1371/journal.pone.0161594 August 22, 2016 10 / 12



Formal analysis:MNH.

Funding acquisition: CL FR VLM.

Investigation: TF MD LC RV CP CL FR VLM.

Methodology:MNH RT VLM.

Project administration: VLM.

Resources: CL FR.

Software:MNH.

Supervision: CL FR VLM.

Validation:MNH RT VLM.

Visualization:MNH VLM.

Writing - original draft:MNH VLM.

Writing - review & editing:MNH TFMD LC RV RT CP CL FR VLM.

References
1. Ferry T, Raffi F, Collin-Filleul F, Dupon M., Dellamonica P., Waldner A. et al. Uncontrolled viral replica-

tion as a risk factor for non-AIDS severe clinical events in HIV-infected patients on long-term antiretrovi-
ral therapy: APROCO/COPILOTE (ANRS CO8) cohort study. J Acquir Immunodeficiency Syndr 2009;
51: 407–415.

2. Ingle SM, May MT, Gill MJ, Mugavero MJ, Lewden C, Abgrall S et al. Impact of risk factors for specific
causes of death in the first and subsequent years of antiretroviral therapy among HIV-infected patients.
Clin Infect Dis 2014; 59:287–297. doi: 10.1093/cid/ciu261 PMID: 24771333

3. Hessamfar M, Colin C, Bruyand M, Decoin M, Bonnet F, Mercié P et al. Severe morbidity according to
sex in the era of combined antiretroviral therapy: the ANRS CO3 Aquitaine cohort. Plos One 2014; 9:
e102671. doi: 10.1371/journal.pone.0102671 PMID: 25076050

4. Smith CJ, Ryom L, Weber R, Morlat P, Pradier C, Reiss P et al. Trends in underlying causes of death in
in people with HIV from 1999 to 2011 (D:A:D): amulticohort collaboration. Lancet 2014; 384: 241–248.
doi: 10.1016/S0140-6736(14)60604-8 PMID: 25042234

5. Morlat P, Roussillon C, Henard S, Salmon D, Bonnet F, Cacoub P et al. Causes of death among HIV-
infected patients in France in 2010 (national survey): trends since 2000. AIDS 2014; 15:1181–1191.

6. Rosenthal E, Roussillon C, Samon-Céron D, Georget A, Hénard S, Huleux T et al. Liver-related deaths
in HIV-infected patients between 1995 and 2010 in France: the Mortavic 2010 study in collaboration
with the Agence Nationale de Recherche sur le Sida (ANRS) EN 20 Mortalité 2010 survey. HIV Med
2015; 16: 230–239. doi: 10.1111/hiv.12204 PMID: 25522874

7. Helleberg M, Afzal S, Kronborg G, Larsen CS, Pedersen G, Pedersen C et al. Mortality attributable to
smoking among HIV-infected individuals: a nationawide, population-based cohort study. Clin Infect Dis
2013;727–734. doi: 10.1093/cid/cis933 PMID: 23254417

8. Appay V, Sauce D. Immune activation and inflammation in HIV-1 infection: causes and consequences.
J Pathol 2008; 214:231–41. PMID: 18161758

9. Deeks SG, Verdin E, McCune JM. Immunosenescene and HIV. Curr Opin Immunol 2012; 24: 501–
506. PMID: 22658763

10. Justice A, Freiberg MS, Tracy R, Kuller L, Tate JP, Goetz MB et al. Does an index composed of clinical
data reflect effects of inflammation, coagulation, and moncyte activation on mortality among those
aging with HIV? Clin Infect Dis 2012; 54:984–994. doi: 10.1093/cid/cir989 PMID: 22337823

11. Helleberg M, Kronborg G, Ullum H, Ryder LP, Obel N, Gerstoft J. Course and clinical significance of
CD8+ T-cell counts in a large cohort of HIV-infected individuals. J Infect Dis 2015; 211:1726–1734. doi:
10.1093/infdis/jiu669 PMID: 25489001

12. Serrano-Villar S, Sainz T, Lee SA, Hunt PW, Sinclair E, Shacklett BL et al. HIV-infected individuals with
low CD4/CD8 ratio despite effective antiretroviral therapy exhibit altered T cell subsets, heightened

CD4/CD8 Ratio and Non-AIDSMorbidity

PLOS ONE | DOI:10.1371/journal.pone.0161594 August 22, 2016 11 / 12

http://dx.doi.org/10.1093/cid/ciu261
http://www.ncbi.nlm.nih.gov/pubmed/24771333
http://dx.doi.org/10.1371/journal.pone.0102671
http://www.ncbi.nlm.nih.gov/pubmed/25076050
http://dx.doi.org/10.1016/S0140-6736(14)60604-8
http://www.ncbi.nlm.nih.gov/pubmed/25042234
http://dx.doi.org/10.1111/hiv.12204
http://www.ncbi.nlm.nih.gov/pubmed/25522874
http://dx.doi.org/10.1093/cid/cis933
http://www.ncbi.nlm.nih.gov/pubmed/23254417
http://www.ncbi.nlm.nih.gov/pubmed/18161758
http://www.ncbi.nlm.nih.gov/pubmed/22658763
http://dx.doi.org/10.1093/cid/cir989
http://www.ncbi.nlm.nih.gov/pubmed/22337823
http://dx.doi.org/10.1093/infdis/jiu669
http://www.ncbi.nlm.nih.gov/pubmed/25489001


CD8+ T cell activation, and increased risk of non-AIDSmorbidity and mortality. Plos Pathog 2014; 10:
e1004078. doi: 10.1371/journal.ppat.1004078 PMID: 24831517

13. Ferguson FG, Wikby A, Maxson P, Olsson J, Johansson B. Immune parameters in a longitudinal study
of a very old population od Sedish people: acomparison between survirors and non survivors. J Geron-
tol A Biol Sci Med Sci1995; 50: B378–B382. PMID: 7583794

14. Le Moing V, Chêne G, Carrieri MP, Besnier JM, Masquelier B, Salamon R et al. Clinical, biologic, and
behavioral predictors of early immunologic and virologic response in HIV-infected patients initiating pro-
tease inhibitors. J Acquir Immune Defic Syndr 2001; 27:372–376. PMID: 11468425

15. TinagoW, Coghlan E, Macken A, McAndrews J, Doak B, Prior-Fuller C et al. Clinical, immunological
and treatment-related factors associated with normalised CD4+/CD8+ T-cell ratio: effect of naive and
memory T-Cell subsets. Plos One 2014; 9: e97011. doi: 10.1371/journal.pone.0097011 PMID:
24816636

16. Leung V, Gills J, Raboud J, Cooper C, Hogg RC, Loufty MR et al. Predictors of CD4:CD8 ratio normali-
zation and its effect on health outcomes in the era of combination antiretroviral therapy. Plos One 2013;
8:e77665. doi: 10.1371/journal.pone.0077665 PMID: 24204912

17. Mussini C, Lorenzini P, Cozzi-Lepri A, Lapula G, Marchetti G, Nicastri E et al. CD4/CD8 ratio normalisa-
tion and non-AIDS related events in individuals with HIV who achieve viral load suppression with antire-
troviral therapy: an observational cohort study. Lancet HIV 2015; 2:e98–e106. doi: 10.1016/S2352-
3018(15)00006-5 PMID: 26424550

18. Caby F, Guihot A, Lambert-Niclot S, Guiguet M, Boutolleau D, Agher R et al. Determinants of a low
CD4/CD8 ratio in HIV-1-infected individuals despite long-term viral suppression. Clin Infect Dis 2016;
62:1297–1303. doi: 10.1093/cid/ciw076 PMID: 26908792

19. Saison J, Ferry T, Demaret J, Maucort Boulch D, Venet F, Perpoint T et al. Association between discor-
dant immunological response to highly antiretroviral therapy, regulatory T cell percentage, immune cell
activation and very low level viremia in HIV-infected patients. Clin Exp Immunol 2014; 176:401–409.
doi: 10.1111/cei.12278 PMID: 24460818

20. Bonnet F, Thiébaut R, Chêne G, Neau D, Pellegrin JL, Mercié P et al. Determinants of clinical progres-
sion in antiretroviral-naive HIV-infected patients starting highly active antiretroviral therapy. Aquitaine
Cohort, France, 1996–2002. HIV Med 2005; 6:198–205. PMID: 15876287

21. Serrano-Villar S, Perez-Elias MJ, Dronda F, Casado JL, Moreno A, Royuela A, et al. Increased risk of
serious non-AIDS-related events in HIV-infected subjects on antiretroviral therapy associated with a
low CD4/CD8 ratio. Plos One 2014; 9:e85798. doi: 10.1371/journal.pone.0085798 PMID: 24497929

22. Collin A, Le Marec F, Vandenhende MA, Lazaro E, Duffau P, Cazanave C et al. Incidence and risk fac-
tors for severe bacterial infections in people living with HIV. Plos One 2016; 11:e0152970. doi: 10.1371/
journal.pone.0152970 PMID: 27050752

23. Castilho JL, Shepherd BE, Koethe J, Turner M, Bebawy S, Logan J et al. CD4/CD8 ratio, age, and risk
of serious noncommunicable diseases in HIV-infected adults on antiretroviral therapy. AIDS 2016;
30:899–907. PMID: 26959354

24. Clifford GM, Rickenbach M, Lise M, Dal Maso M, Battegay M, Bohlius J et al. Hodgkin lymphoma in the
Swiss HIV Cohort Study. Blood 2009; 113:5737–5742. doi: 10.1182/blood-2009-02-204172 PMID:
19336755

CD4/CD8 Ratio and Non-AIDSMorbidity

PLOS ONE | DOI:10.1371/journal.pone.0161594 August 22, 2016 12 / 12

http://dx.doi.org/10.1371/journal.ppat.1004078
http://www.ncbi.nlm.nih.gov/pubmed/24831517
http://www.ncbi.nlm.nih.gov/pubmed/7583794
http://www.ncbi.nlm.nih.gov/pubmed/11468425
http://dx.doi.org/10.1371/journal.pone.0097011
http://www.ncbi.nlm.nih.gov/pubmed/24816636
http://dx.doi.org/10.1371/journal.pone.0077665
http://www.ncbi.nlm.nih.gov/pubmed/24204912
http://dx.doi.org/10.1016/S2352-3018(15)00006-5
http://dx.doi.org/10.1016/S2352-3018(15)00006-5
http://www.ncbi.nlm.nih.gov/pubmed/26424550
http://dx.doi.org/10.1093/cid/ciw076
http://www.ncbi.nlm.nih.gov/pubmed/26908792
http://dx.doi.org/10.1111/cei.12278
http://www.ncbi.nlm.nih.gov/pubmed/24460818
http://www.ncbi.nlm.nih.gov/pubmed/15876287
http://dx.doi.org/10.1371/journal.pone.0085798
http://www.ncbi.nlm.nih.gov/pubmed/24497929
http://dx.doi.org/10.1371/journal.pone.0152970
http://dx.doi.org/10.1371/journal.pone.0152970
http://www.ncbi.nlm.nih.gov/pubmed/27050752
http://www.ncbi.nlm.nih.gov/pubmed/26959354
http://dx.doi.org/10.1182/blood-2009-02-204172
http://www.ncbi.nlm.nih.gov/pubmed/19336755

