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Abstract

Cytomegalovirus (CMV) infection is common among HIV-infected patients but its repercus-
sion on the course of CD4+ and CD8+ T cells after CART initiation remains elusive. The
French Dat'AIDS cohort enrolled 5,688 patients on first-line cART, from which we selected
patients who achieved HIV suppression for at least 12 months without modification of
cART, and for whom CMV serostatus was available. Five hundred and three patients ful-
filled the selection criteria (74% male, median age 43 yrs, 15.5% CDC stage C), of whom
444 (88.3%) were seropositive for CMV (CMV+). Multivariate analyses using mixed-linear
models adjusted for the time from HIV suppression, sex, age, transmission risk group, dura-
tion of HIV follow-up, the interaction between time from HIV suppression and CMV+ serol-
ogy, and the nadir CD4 count revealed a negative correlation between CMV+ and CD4:
CD8 ratio (coeff. =-0.16; p = 0.001). This correlation was also observed among patients
displaying optimal CD4 recovery ( 500 cells/mm3 at M12; coeff. =-0.24; p = 0.002).
Hence, CMV+ serostatus antagonizes normalization of the CD4:CD8 ratio, although further
analyses of the impact of co-morbidities that associate with CMV serostatus, like HCV
infection, are needed to elucidate this antagonism formally. However, this might reflect a
premature T cell senescence, thus advocating for a close monitoring of T cells in CMV co-
infected patients. In addition, our results raise the question of the benefit of treatment for
asymptomatic CMV co-infection in HIV-infected patients.
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Statistical Analysis
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Table 1. Patients' character istics at the time of cART initiation.
N (%)/ median [IQR]
CMV+ (n = 444) CMV- (n = 59) p®
Male 326 (73.4) 45(76.3) ns
Age (years) 43[36 ; 51] 45[40; 49] ns
Transmission risk group : 0.03
Heterosexual 15(3.4) 3(5.1)
Homo/Bisexual 189(42.6) 15(25.4)
Intravenous drug use 202(45.5) 33(55.9)
Other 10(2.2) 4(6.8)
Unknown 28(6.3) 4(6.8)
HIV follow-up (yrs) 1[0.2;3.4] 3.4[0.3;8.4] 0.011
CDC staging: ns
A 316(61.3) 37(62.7)
B 62(14) 9(15.3)
C 65(14.7) 13(22)
HCV-RNA+ 23(5.2) 3(5.2) ns
CD4 Nadir (/mm3) 222[136 ;281] 221[157;282] ns
First-line cART duration (months) 32[23.7;42.5] 32.6[23;43] ns
Time to HIV suppression on cART (months) 3.05[1.9;5.2] 3.4[1.9,;5.1] ns
cART regimen : ns
2NRTI+ 1 Pl/r 223(52.2) 24(44.4)
2 NRTI+ 1 NNRTI 150(35.1) 23(42.6)
3NRTI 54(12.1) 7(13)
Pre-cART HIV-pVL (Log;o copies/ml) 4.75[4.27 ;5.26] 4.67[4.26;5.05] ns
Pre-cART CD4 (/mm3) 250[160 ;319] 261[165 ;321] ns
Pre-cART CD4 (%) 16.7[11.1;22] 17.2[11.9;23.7] ns
Pre-cART CD8 (/mm3) 777[537;1132] 755[491;1082] ns
Pre-cART CD8 (%) 59.65[51 ;69] 57.2[47 ;63.8] ns
Pre-cART CD4:CD8 0.3[0.2;0.4] 0.3[0.2;0.4] ns
Pre-cART CD4 :CD8 1 6(1.4) 2(3.4) ns

S p are Student t-test or Pearson Chi-square tests as required.

doi:10.131/journal.pon®165774.t001
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Fig 1. Longitu dinal evolution of CD4+and CD8+ T cell counts in CMV+and CMV- HIV-infe cted patients on first-line cART. Box plots
illustrate the median and interquartile ranges of CD4+ (a) and CD8+ (b) T cell counts and percentages in CMV+ (white) and CMV- (grey) HIV-
infected patients on first-line cCART.
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Table 2. Mixed linear analysis of the dynamics of T cell compartme nts and CD4:CD8 ratio: association with CMV+ serolog y, time and interaction .

Variable Estimation (C1 95%) p
CD4/mm3:
CMV+ serology 9.71 [-42.36; 61.79] 0.712
Time from DO (months) 8.33 [6.20; 10.46] 0.001
CMV+ serology Time from DO -0.94 [-3.21;1.32] 0.412
CD4% :
CMV+ serology -2.24 [-4.91;0.42] 0.099
Time from DO (months) 0.34 [0.25; 0.44] 0.001
CMV+ serology Time from DO -0.03 [-0.14;0.07] 0.492
CD8/mm3:
CMV+ serology 195.70 [95.49 ; 295.92] 0.001
Time from DO (months) -1.67 [-5.99;2.64] 0.447
CMV+ serology Time from DO -2.13 [-6.70; 2.44] 0.359
CD8% :
CMV+ serology 7.85 [4.23;11.46] 0.001
Time from DO (months) -0.46 [-0.68 ; -0.24] 0.001
CMV+ serology Time from DO -0.01 [-0.25; 0.22] 0.876
CD4:CD8 ratio:
CMV+ serology -0.13 (-0.22;-0.04) 0.006
Time from DO (months) 0.019 (0.015;0.02) 0.001
CMV+ serology Time from DO -0.006 (-0.010; -0.002) 0.008
doi:10.131/journal.pon8165774.t002

Results

Patients' characteristics according to CMV serology
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T-cell dynamics after HIV suppression on first-line CART
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Table 3. Recovery of the CD4+ T cell compartment in CMV seropositiv e and CMV seroneg ative HIV-infec ted patients on first-lin e CART.
N(%)
CD4/mm3 Pre-cART Day 0 M12 M24 M36
500 CMV+ 11(2.5) 93(21.3) 164(40.5) 92(48.2) 47(56)
CMV- 2(3.4) 13(22) 28(52.8) 14(73.7) 7(70)
500 CMV+ 433(97.5) 344(78.7) 241(59.5) 99(51.8) 37(44)
CMV- 57(96.6) 46(78) 25(47.2) 5(26.3) 3(30)

day 0 is the time of ®rstundetectable HIV pVL.

doi:10.131/journal.pon@165774.t003
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Fig 2. Longitud inal analys es of CD8+ T cell counts in CMV-and CMV+ HIV-infecte d patients on first-line cART. 100% stacked
bar charts illustrate the fraction of patients displaying CD8+ T cell counts 830/mm 3 (black) and 830/mm3 (white) among all study
participants (a) or in patients achieving CD4+ T cell count 500/mm 3 after 12 months of HIV suppression on cART (b) in CMV- (top)
and CMV+ (bottom) patients.
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Fig 3. Longitud inal analys es of CD4:CD8 ratio in CMV+ and CMV- HIV-infecte d patients on first-line cART. Data are

shown for all study participants (a and c) or patients achieving CD4+ cell counts 500/mm3 after 12 months of HIV suppression
on cART (b and d). In aand b, box plots illustrate median (IQR) CD4:CD8 ratio, and in ¢ and d, histograms show the percentage
of patients presentinga CD4:CD8ratio 1. All data are shown prior to cART initiation (Pre-cART), at first undetectable HIV-pVL
(DO)and at 6, 9, 12, 24 and 36 months from viral suppression.

doi:101371/journapone.016574.g003
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Table 4. Multivariat e linear-mixed model analys es of factors associ ated with CD8+ T cell counts , CD8% and CD4:CD8 ratio.

CD8/mm3 CD8% CD4:CD8
Coef IC p Coef IC p Coef IC p
Time from DO (months) -3.05 | [-4.05;-2.05] 107 | -0.38 | [-0.42;-0.33] 0.001 0.017 [0.014; 0.019] 107
Sex (female vs male) -66.3 [-140.63; 8] 0.08 -3.49 | [-6.54;-0.45] | 0.025 0.13 [0.05;0.2] 107
Age 2.34 [-.68;5.37] 0.13 0.18 [0.07;0.28] 0.001 -0.002 [-0.004 ; 0] 0.10
Transmission risk group :
Heterosexual na 1 1
Homo/Bisexual -3.82 | [-6.66;-0.98] | 0.008 0.08 [0.01;0.11] 0.03
Intravenous drug use -4.16 [-10.82; 2.5] 0.220 0.037 [-0.12;0.19] 0.64
Other / Unknown -1.97 [-5.94;2.01] 0.331 -0.033 [-0.12; 0.06] 0.50
HIV follow-up (yrs) 13.7 [6.3;21.1] 107 | 0.418 [0.15;0.69] 0.003 -0.009 [-0.02;-0.002] 0.01
CDC staging : na na
A 1
B -0.83 [-4.05; 2.38] 0.611
C 2.62 [-0.78; 6.03] 0.130
Pre-cART HIV-pVL (Log) na -0.36 [-1.1;0.38] 0.336 na na na
Nadir CD4 count (/mm3) na -0.03 | [-0.04;-0.02] 0.001 | -0.0093 | [-0.015;-0.002] 0.01
CMV+ serology 220.2 | [118.5;321.9] 10° 9.72 [6.25;13.18] 0.001 | -0.006 | [-0.009;-0.004] 107
CMV+ serology Time from DO (months) -0.94 [-4,2;2,3] 0.57 | -0.018 | [-0.16;0.12] 0.8 -0.006 | [-0.009;-0.004] 107
doi:10.131/journal.pon8165774.t004
* - L %Ll *
S %L+ x -3 *
) /- 7 * 3 $
. *x $ * ) % *m
# 5%/( 3 3 0
#& ( * 0 "o
) (3 $ 0 %5 H
/= $ $ * 0 %5 $ /™ *
) $ %5 %= /™
# ) $ * 0 $
%+ X $ * 0 $
3 " * - 3 Yy * 0%
( $ 0 3
3 "
# $ 3 $ * 8 *
0 %L -"--( $ * -
S %L -"- xm - % * 0
%L-"--" * 3 $ -
* $ * ) % *m
Multivariable final model
&) ) "5 ) (
) $ * ) ($ )
)" G( ) $ * )
( (3¢ 1$)() “)( B %BS$(
$$ )" 5 0 ( ) $
* ) ( $( 1$)(C )
PLOS ONE | DOI:10.1371/journal.pone.0165774 November 8, 2016 8/12



@° PLOS | ONE

CMV and CD4:CD8 in Controlled HIV Infection

*)( * ) 3 $(
) "
3) D $
$ 3 )y * Y( G 0
3 0 ( 3 $
* $ 0 *
3 3 )
« * ) ) % ,--
/ 3+ * ) % *
) )« 3 $ ) 0
% . /0 "L+, G >"| [+l L-"-+( GO
LS M M < 0 0O " L-"+ 1 " LAt
Discussion
) )
H&(  * $
3 $" ) 3
) )
0
$( * 3 $ ) E
0 * % * 4 *
0 * * 1
6!( $ ) $
E 0 ( ) ) 3 $ $
1 * * 0 (
) #H&"
D) ) * )
) (" x| ) )
) * *) #& ( * * ) )
) y( )1 = 8 M 8
) ) * ) 5) (
* $ #&( * @)
3 ) ( = )
$ )
$ ) ( 0 $) * % $
* " ( 0
) $ 1 ) ( +" $( $ )
* /el ! 3 I 3 (
* 0 * < %:6G3 G 3
# o+ ) ( 4G 3 ">6G 3 *
0 ()$$ $ 3 * $
) ) * )
) /! * = 8 4+ 3 $
) A"
? ) ) ) ) (
E + (* ) E
#& ("M $) -l
$ $ ) #&( * 3 $

PLOS ONE | DOI:10.1371/journal.pone.0165774 November 8, 2016 9/12



o @
@ : PLOS | ONE CMV and CD4:CD8 in Controlled HIV Infection

+ ) #& ( $ $
( 3 )
) 0 (3
$( + (
) 1 % &?' +I" &? * $
1 ( ) $ ) +( 6" (
) ) &? $(
* 1 ) 1 >" #
* 3 « ) * )
I( 3 * 1
#4 $ . #4 ( ) )
! ( O $ * ( )
1 I( * $
) #& +-I"
N ) ( $ ) ) D) )
)% ) ( ) $
( + $" 7 ) )
¥ @)
5) ( * # 4. # 4
C * ) 3
* 0 ) 3 (0 )
% )% ) ( ) )’ *
) V(% ) #&" * (
) ) ) ) $ )
$ #&'
) ( ) #& ( 3
) * *
0 $ ) 3
4 ( $ ) )$$ )
+I( " $
) /| B# &
41" = ) ( E 3
$ ) $ #& $
5) ( ) ) $
* 3 )" 5 | ) )
3 $ ) ) 1 ) * ) $
) ( $

Supporting Information

%0B40'
Acknowledgments
) *) 1 1 8# $)0 4'=J$$ ( D'5) (

"D &$)( 3D ( 3A4 ( "B@) = ( 2"& ( "? ( 3A") X

PLOS ONE | DOI:10.1371/journal.pone.0165774 November 8, 2016 10/12



o @
@ : PLOS | ONE CMV and CD4:CD8 in Controlled HIV Infection

"= ( 4'C (4" ;) #4& $(# ("2 ( "?E 3 %3
="3 ) 7?3 (2= ( 3D ( 3"# E(B™?” (BY)YE(7?” ( 3
) X "C )( "B (33 (2 (M4)I %))l 2% ("

(2)(A (7 (2 (=) (A (2 (A
5 ( ACBE ( &'C ( M& ("3 ( #'<@ (<"D ( "? ( 4" (
=?) M ( "? ( 4'H 2% ( 2"& ( 4"4) ( 773" &%

%< N1B& ("# (2= )( "= (== ( 4=) E( =) (=) (
A (<" ("=))(C 7?3 ) "& @((D#H( ?7? (3= (B
B ( " P(42 ) %< 'l # ( 5# ( "# E" = (2" ( 4
( "C))( 33 ( "3 E(=& (O Q( 3 (
<"$)( RRE ( %) $I &#$( "M ( 3"# %? AL
Y( "B ( DB (3 ( <3E1(D'=)(4" 1( "# ( "

«( " & % 5 " ?r (4 | ")) 5
#(C"# B(C"= (")) "3 E(<"$(3 (2% ("# (
#3 1( ="& (%) $" 2"2 (?5 ( 3"B"? ( &(3'°? ( "=

( Y 3B"'= (2" 3) %4t )$" B ( "?  ( "

( "5 (5# (5= (#= )( 3 ( "? ( "4 $( 5

O AB (1 2'=)( AM ("B$)( "CJ ( "#HH < ( 4"
$ %B ( "D &%) "B $ *

) ) & ) D )
% &D™5 ) +F+6(+-"4 (H $ " ? >

Author Contributions
! 23 2"
?23 # 2 5C4& ? B # ="

" 23 2"
# 23 2"
$ ?3"
23"
% 23 # 2 5C4& ? B # ="
& ' 23 2"
& () 23 # 2 5C4& ? B # ="

References

1. BowenDL, Lane HC, Fauci AS. Immunopathogenesis of the acquired immunodeficiency syndrome.
Annals of internal medicine. 1985; 103(5):704+9. PMID: 2996403.

2. Battegay M, Nuesch R, Hirschel B, Kaufmann GR. Immunological recovery and antiretroviral therapy
in HIV-1 infection. The Lancet. 2006; 6(5):280+7. PMID: 16631548. doi: 10.1016/S1473-3099(06)
70463-7

3. 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. The Journal of infectious diseases.
2015; 211(11):1726+34. PMID: 25489001. doi: 10.1093/infdis/jiu669

4. Hunt PW. HIV and inflammation: mechanisms and consequences. Current HIV/AIDS reports. 2012; 9
(2):139+47. PMID: 22528766. doi: 10.1007/s11904-012-0118-8

PLOS ONE | DOI:10.1371/journal.pone.0165774 November 8, 2016 11/12



@° PLOS | ONE

CMV and CD4:CD8 in Controlled HIV Infection

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Lichtner M, Cicconi P, Vita S, Cozzi-Lepri A, Galli M, Lo Caputo S, et al. Cytomegalovirus coinfection is
associated with an increased risk of severe non-AlDS-defining events in a large cohort of HIV-infected
patients. The Journal of infectious diseases. 2015; 211(2):178+86. PMID: 25081936. doi: 10.1093/
infdis/jiu417

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, height-
ened CD8+ T cell activation, and increased risk of non-AlIDS morbidity and mortality. PLoS pathogens.
2014; 10(5):€1004078. PMID: 24831517. doi: 10.1371/journal.ppat.1004078

Pugliese P, Cuzin L, Cabie A, Poizot-Martin |, Allavena C, Duvivier C, et al. A large French prospective
cohort of HIV-infected patients: the Nadis Cohort. HIV medicine. 2009; 10(8):504+11. PMID:
19486189. doi: 10.1111/j.1468-1293.2009.00719.x

Pugliese P, Cuzin L, Enel P, Agher R, Alfandari S, Billaud E, et al. [NADIS 2000, development of an
electronic medical record for patients infected by HIV, HBV and HCV]. Presse Med. 2003; 32(7):299+
303. PMID: 12610445.

Barrett L, Stapleton SN, Fudge NJ, Grant MD. Immune resilience in HIV-infected individuals seronega-
tive for cytomegalovirus. AIDS (London, England). 2014; 28(14):2045+9. PMID: 25265072. doi: 10.
1097/QAD.0000000000000405

Kapetanovic S, Aaron L, Montepiedra G, Anthony P, Thuvamontolrat K, Pahwa S, et al. Effect of Cyto-
megalovirus Co-Infection on Normalization of Selected T-Cell Subsets in Children with Perinatally
Acquired HIV Infection Treated with Combination Antiretroviral Therapy. PloS one. 2015; 10(3):
€0120474. PMID: 25794163. doi: 10.1371/journal.pone.0120474

Effros RB, Dagarag M, Spaulding C, Man J. The role of CD8+ T-cell replicative senescence in human
aging. Immunological reviews. 2005; 205:147+57. PMID: 15882351. doi: 10.1111/j.0105-2896.2005.
00259.x

Wikby A, Johansson B, Ferguson F, Olsson J. Age-related changes in immune parameters in a very
old population of Swedish people: a longitudinal study. Experimental gerontology. 1994; 29(5):531+41.
PMID: 7828662.

Turner JE, Campbell JP, Edwards KM, Howarth LJ, Pawelec G, Aldred S, et al. Rudimentary signs of
immunosenescence in Cytomegalovirus-seropositive healthy young adults. Age (Dordrecht, Nether-
lands). 2014; 36(1):287+97. PMID: 23846127. doi: 10.1007/s11357-013-9557-4

Lee SA, Sinclair E, Jain V, Huang Y, Epling L, Van Natta M, et al. Low proportions of CD28- CD8+ T
cells expressing CD57 can be reversed by early ART initiation and predict mortality in treated HIV
infection. The Journal of infectious diseases. 2014; 210(3):374+82. PMID: 24585893. doi: 10.1093/
infdis/jiu109

Tassiopoulos K, Landay A, Collier AC, Connick E, Deeks SG, Hunt P, et al. CD28-negative CD4+ and
CD8+ T cells in antiretroviral therapy-naive HIV-infected adults enrolled in adult clinical trials group
studies. The Journal of infectious diseases. 2012; 205(11):1730+8. PMID: 22448010. doi: 10.1093/
infdis/jis260

Roberts ET, Haan MN, Dowd JB, Aiello AE. Cytomegalovirus antibody levels, inflammation, and mor-
tality among elderly Latinos over 9 years of follow-up. American journal of epidemiology. 2010; 172
(4):363+71. PMID: 20660122. doi: 10.1093/aje/kwql77

Ndumbi P, Gilbert L, Tsoukas CM. Comprehensive Evaluation of the Immune Risk Phenotype in Suc-
cessfully Treated HIV-Infected Individuals. PloS one. 2015; 10(2):e0117039. PMID: 25647167. doi:
10.1371/journal.pone.0117039

Appay V, Fastenackels S, Katlama C, Ait-Mohand H, Schneider L, Guihot A, et al. Old age and anti-
cytomegalovirus immunity are associated with altered T-cell reconstitution in HIV-1-infected patients.
AIDS (London, England). 2011; 25(15):1813+22. PMID: 21412126. doi: 10.1097/QAD.
0b013e32834640e6

Buggert M, Frederiksen J, Noyan K, Svard J, Bargasho B, Sonnerborg A, et al. Multiparametric bioin-
formatics distinguish the CD4/CD8 ratio as a suitable laboratory predictor of combined T cell pathogen-
esis in HIV infection. J Immunol. 2014; 192(5):2099+108. PMID: 24493822. doi: 10.4049/jimmunol.
1302596

Serrano-Villar S, Gutierrez C, Vallejo A, Hernandez-Novoa B, Diaz L, Abad Fernandez M, et al. The
CD4/CD8 ratio in HIV-infected subjects is independently associated with T-cell activation despite long-
term viral suppression. The Journal of infection. 2013; 66(1):57+66. PMID: 23046968. doi: 10.1016/].
jinf.2012.09.013

Hunt PW, Martin JN, Sinclair E, Epling L, Teague J, Jacobson MA, et al. Valganciclovir reduces T cell
activation in HIV-infected individuals with incomplete CD4+ T cell recovery on antiretroviral therapy.
The Journal of infectious diseases. 2011; 203(10):1474+83. PMID: 21502083. doi: 10.1093/infdis/
jiroe0

PLOS ONE | DOI:10.1371/journal.pone.0165774 November 8, 2016 12/12



