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Abstract

Background
Combination antiretroviral therapy (cART) is associated with marked immune reconstitution.
Although a long term viral suppression is achievable, not all children however, attain com-
plete immunological recovery due to persistent immune activation. We use CD4/CD8 ratio
like a marker of immune reconstitution.

Methods
Perinatal HIV-infected children who underwent a first-line cART, achieved viral suppression
in the first year and maintained it for more than 5 years, with no viral rebound were included.
Logistic models were applied to estimate the prognostic factors, clinical characteristics at
cART start, of a lower CD4/CD8 ratio at the last visit.

Results
146 HIV-infected children were included: 77%Caucasian, 45%male and 28%CDCC.
Median age at cART initiation was 2.3 years (IQR: 0.5–6.2). 42 (30%) children received
mono-dual therapy previously to cART. Time of undetectable viral load was 9.5 years (IQR:
7.8, 12.5). 33% of the children not achieved CD4/CD8 ratio >1. Univariate analysis showed
an association between CD4/CD8 <1 with lower CD4 nadir and baseline CD4; older age at
diagnosis and at cART initiation; and a previous exposure to mono-dual therapy. Multivari-
ate analysis also revealed relationship between CD4/CD8 <1 and lower CD4 nadir (OR:
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1.002, CI 95% 1.000–1.004) as well as previous exposure to mono-dual therapy (OR: 0.16,
CI 95% 0.003–0.720).

Conclusions
CD4/CD8 >1 was not achieved in 33% of the children. Lower CD4 nadir and previous expo-
sure to suboptimal therapy, before initiating cART, are factors showing independently asso-
ciation with a worse immune recovery (CD4/CD8 < 1).

Introduction
The combination antiretroviral therapy (cART) has led not only to a decrease in HIV viral

load but also to the recovery of CD4 T cell count and ultimately to the clinical improvement of

HIV-infected children [1, 2]. Plasma viremia suppression by cART is generally associated with

improvements in the immunological condition of patients, but some children fail to achieve

normalization of CD4 T cell count. [3]

Various mechanisms such as immune activation, on-going HIV replication and deficient

thymus output are associated with impaired immunological response to treatment in adults.

[4] In vertically HIV-1 infected children, the infection is acquired when the immune system is

still immature and the thymus is activated to produce new naïve T cells. [2] Highly active thy-

mus in early childhood may contribute to a better immune reconstitution if ART is initiated

early in life. [5] With the increase in age, the recovery through the naïve pool is progressively

damaging, hence early treatment is the key for immune reconstitution. [6] However, other

studies suggest that the recovery of the thymic function is age-independent and it is related to

peripheral CD4 cell depletion as well as HIV-1 suppression. [7]

Little is known about long term immune recovery in HIV-infected children on cART.

Immune recovery has been associated with earlier age, higher CD4 cell count and CD4 nadir

at cART initiation, whereas, severe immunosuppression is associated with an impaired CD4

recovery.[8, 9, 10, 11] cART significantly reduces the degree of immune activation and detect-

able viral load aggravates immune senescence in children. [12, 13]

Restoration of CD4/CD8 ratio requires both CD4 cell recovery and normalization of the

CD8 count. CD4/CD8 ratio has been associated with T cell activation, despite long term viral

suppression in both, children and adults, as well as evidence to support that this imbalance has

clinical importance in children. [14, 15, 16] A persistently low CD4/CD8 ratio despite viral

control reflects a higher risk of morbidity in HIV-infected adults. [17] In addition, CD4/CD8

ratio has been described as a predictor of CD4 response in HIV-1-infected adults. [18] So we

used CD4/CD8 ratio as a better predictor of long term immune recovery, since CD4 does not

predict immune activation.

The aim of this study was to study possible risk factors of not achieving a CD4/CD8 >1 in

children with long term immune reconstitution and maintained undetectable viral load, in

order to determine possible risk factors that could affect the immunological response to cART.

Materials andmethods
Study design
IRB (Hospital de Getafe) approved the study. This is a multicenter observational study, within

the Pediatric branch of the National AIDS Research Network of Spain (CoRISpe). 383
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perinatal HIV-infected children were in follow up in this cohort when the study was con-

ducted. We included children who met the following inclusion criteria: 1) were receiving

cART when the study was conducted; 2) who underwent first-line cART, had evidence of viro-

logical suppression within the first year after cART initiation; 3) had subsequent maintenance

for more than 5 years with no viral rebound longer than 3 months at each time or at least until

last observation before transition to adult units. 146 children were analyzed. The study was

conducted from 1997 to December 2015.

Data were retrospectively collected from clinical visits performed every 3 months since

cART initiation. A duly signed informed consent was obtained from the parents or legal

guardians of patients <12 years and direct informed assent from patients aged�12 years in

order to participate in CoRISpe.

Definitions
First-line cART refers to those patients that had not taken any cART regimen previously, but

could have taken mono or dual antiretroviral therapy. Viral suppression was defined as<400

HIV-RNA copies/ml.

Patients with a CD4/CD8 ratio >1 at last clinical visit, were considered to have achieved

immune recovery and patients with a CD4/CD8 < 1 were considered not to reach immune

recovery. We studied possible risk factors at baseline of not achieving a CD4/CD8 >1 at last

visit, comparing both groups.

We considered baseline time when children started first line of cART.

Statistics
All continuous variables were expressed as median (IQR), and categorical variables as fre-

quency of distribution and rates. Differences between categorical variables were analysed

using the Chi square test and Fisher exact test. T student test was used to compare continuous

variables. A multivariable logistic regression model was used to analyse the relationship

between immune recovery and variables showing statistical significance in univariate analysis.

Data were analyzed using IBM SPSS Statistics for Windows, Version 21.0 (Armonk, NY: IBM

Corp). A P value of 0.05 was considered statistically significant.

Results
Clinical characteristics at baseline
A total of 146 HIV-infected children were enrolled in this study. Results are shown in Table 1.

In general, 81 (55%) were female and 47 (33%) were non Caucasian. Their median age at diag-

nosis was 0.6 years (IQR: 0.2, 2.1), the median age at cART initiation was 2.3 years (IQR: 0.5,

6.2) and 19 (28%) were on CDC stage C. Mono-dual therapy was taken by 42 (30%) patients

previous to cART, the rest of patients were naïve. The median of CD4 nadir was 457 cells/mm3

(IQR: 269, 678) and the median of CD4 cells and CD4% at baseline were 901 (IQR: 470, 1800)

cells/mm3 and 26% (IQR: 16, 35), respectively. The median CD4/CD8 ratio at baseline was 0.6

(IQR: 0.3, 1.2).

Follow up and immune recovery
As shown in Table 1, the median follow up period of patients in this study was more than 10

years, with a median duration of cART of 9.8 years (IQR: 8.1, 13.2) and a median of 2 different

cART regimens taken per patient (IQR: 2, 4). The patients remained with undetectable viral
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load for 9.5 years (IQR: 7.8, 12.5). 63 of 146 children (43%) had a viral blip in the follow up.

Median age at last observation was 14.4 years (IQR: 10.6, 18.1).

In general, the median CD4 count and percentage at last visit were 878 cells/mm3 (IQR:

672, 1085) and 38% (IQR: 33, 43), respectively, and the median CD4 /CD8 ratio was 1.2 (IQR:

0.9, 1.6).

Factors associated with not immune recovery
At last clinical visit, immune recovery (CD4/CD8 ratio >1) was not achieved in 48/146 (33%)

children. Results are shown in Table 2.

When comparing both groups of patients, the significant predictors of not immune recov-

ery by univariate analyses were lower CD4 nadir, lower CD4 count and percentage, lower

CD4/CD8 ratio and higher CD8 percentage at baseline.

An older age at HIV diagnosis and cART initiation was also associated to a unsuccessful

immune response. Being exposed to mono-dual therapy was also a predictor for worse

immune recovery.

Table 1. Baseline clinical characteristics of subjects.

Characteristics Total
N 146

Female gender, n (%) 81 (55%)

Age at diagnosis (years), median (IQR) 0.6 (0.2, 2.1)

Age at HAART initiation, median (IQR) 2.3 (0.5, 6.2)

Age at the last visit, median (IQR) 14.4 (10.6, 18.1)

Ethnicity, n (%)
Caucasian 97 (67%)

Non Caucasian 47 (33%)

Clinical stage at baseline, n (%)
N/A 78 (53.5%)

B 40 (27.5%)

C 19 (28%)

Nadir CD4 (cells/mm3), median (IQR) 457 (269, 678)

Nadir CD4%, median (IQR) 19 (11, 25)

Prior history of ART, n (%)
Mono or dual ART 42 (30%)

Naïve 104 (70%)

cART
Total n˚ of ART regimens, median (IQR) 3 (2, 5)

Total n˚ of cART regimens, median (IQR) 2 (2, 4)

Duration of cART (years), median (IQR) 9.8 (8.1, 13.2)

Baseline CD4 and CD8
CD4 (cells/mm3) at baseline, median (IQR) 901 (470, 1800)

CD4% at baseline, median (IQR) 26 (16, 35)

CD8 (cells/mm3) at baseline, median (IQR) 1398 (861, 1964)

CD8% at baseline, median (IQR) 37 (28, 40.5)

CD4/CD8 ratio at baseline, median (IQR) 0.6 (0.3, 1.2)

Viral load
Viral load at baseline (log10), median (IQR) 4.88 (4.12, 5.67)

Time of undetectable viral load, median (IQR) 9.5 (7.8, 12.5)

https://doi.org/10.1371/journal.pone.0220552.t001
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In multivariate analysis, a CD4/CD8 ratio < 1 was associated with lower CD4 nadir, (OR:

1.002, CI 95% 1.000–1.004) as well as previous exposure to mono-dual therapy (OR: 0.16, CI

95% 0.003–0.720).

Discussion
This study described the immune response in HIV-infected children treated with long term

cART, and reported an independent association between the lower CD4 nadir of patients and

the exposure to suboptimal ART regimens with a CD4/CD8 ratio <1, which represents a

unsuccessful immune recovery.

CD4/CD8 > 1 was not achieved in our study in 33% of the patients. Although the majority

of the studies in children define immune recovery as a CD4 percentage greater than 25% [19,

20], we used CD4/CD8 ratio as a better predictor of long term immune recovery, since CD4

does not predict immune activation. Recently, the CD4/CD8 ratio has been described as a

marker of immune activation in virologically suppressed HIV adults and children patients.

Table 2. Prognostic factors of subjects by immune recovery.

Univariate analysis Multivariate analysis
Characteristics Non Immune recovery

CD4 /CD8< 1
Immune recovery
CD4/CD8> 1

p Adjusted difference
Odds ratio (95% CI)

p

N 48 98 -

Female gender, n (%) 26 (32) 55 (68) 0,8

Age at diagnosis (years), median (IQR) 1.4 (0.2, 3.6) 0.5 (0.1–1.8) 0.03 0.957 (0.745–1.231) 0.7

Age at HAART initiation, median (IQR) 5.6 (2.1, 8.06) 1.3 (0.3, 4.4) < 0.001 0.951 (0.789–1.147) 0.6

Age at the last visit, median (IQR) 16.8 (13.4, 18.7) 13.5 (10.1. 17.8) 0.01

Ethnicity, n (%)
Caucasian 33 64 0.7

Non Caucasian 14 33

Clinical stage at baseline, n (%)
N/A 25 53 0.6

B 12 26

C 10 18

Nadir CD4 (cells/mm3), median (IQR) 323 (153, 503) 543 (350, 764) < 0.001 1.002 (1.000–1.004) 0.01

Nadir CD4%, median (IQR) 14.5 (8–21) 21.5 (14–28) < 0.001

Prior history of ART, n (%)
Mono or dual ART 23 19 0.001 0.164 (0.037–0.725) 0.01

Naïve 25 79

cART median (IQR)
Total n˚ of ART regimens 4 (3, 5) 3 (2, 4) 0.2

Total n˚ of cART regimens 2 (2, 3) 3 (2, 4) 0.5

Duration of cART (years) 9.5 (7.4–12) 10.6 (8.2–13.8) 0.1

Baseline CD4 and CD8 median (IQR)
CD4 (cells/mm3) at baseline 563 (201, 1039) 1264 (735, 2299) <0.001 1.000(0.999–1.001) 0.5

CD4% at baseline 20 (8, 28) 32 (20, 38) <0.001

CD8 (cells/mm3) at baseline 1411 (866, 1933) 1375 (861–1964) 0.61

CD8% at baseline 48 (38–60) 35 (22–44) <0.001

CD4/CD8 ratio at baseline 0.4 (0.1, 0.6) 0.9 (0.5, 1.6) <0.001 1.777 (0.782–4.035) 0.1

Viral load median (IQR)
Viral load at baseline (log10) 4.8 (4, 5.4) 4.9 (4.2, 5.7) 0.4

Time of undetectable viral load 9.1 (7.7, 11.4) 9.8 (7.9–12.6) 0.2

https://doi.org/10.1371/journal.pone.0220552.t002
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[14, 15, 16, 21] Moreover, the CD4/CD8 ratio can contribute to the immunological evaluation

of treated patients in a long-term follow-up and may be applied for monitoring both immune

dysfunction and viral reservoir size in virologically suppressed HIV-positive adults. [22]

The median follow-up period of patients on cART in this study was nearly 10 years. To our

knowledge, this study is the largest to date in terms of long term follow-up period on immune

recovery in children. Other studies, however, showed a follow-up period of 5 to 7 years in

naïve children and a follow-up period of 6 years in pre-treated children. [1, 19, 20]

We did not find any association between cART duration or number of regimens and

immune recovery, although was nearly significant (p value was 0.1 and p 0.2 respectively),

probably due to our small sample size. Both groups received a long term therapy with a median

duration of nearly 10 years with various regimens. A longer duration of cART was an indepen-

dent predictor of immune recovery in a study from Thailand. [19] We did not compare the

immune recovery between the different antiretroviral drugs used, but it was described that in

adults, normalization of the CD4/CD8 ratio above a clinically meaningful threshold may be

dependent on the drug class used. [23]

Receiving suboptimal treatment such as mono-dual therapy could lead to an impaired

immune recovery, because these therapies were not efficacy to achieve persistent undetectable

viral load and immune recovery. So initiating cART, after severe immunosuppression has

occurred, is detrimental for the restoration of the CD4 cell count. A third of the patients in our

study had previously received mono or dual therapy and, therefore, achieved a lower CD4/

CD8 ratio at the end of the study compared to naïve patients. Our results are consistent with

those in a study covering a similar population, except that all subjects had previously received

mono or dual therapy where they found a significant association between not reaching

CD4% > 25% during follow-up and the duration of antiretroviral therapy before cART. [1]

A worse immune recovery in our study, while comparing the two groups, was associated

with older age at diagnosis and at cART initiation in univariate analysis. Our interpretation to

this, as reported in previous studies [8, 19, 24, 25, 26], is that early initiation of cART may

improve the immune recovery. However, these associations in our study were not maintained

in multivariate analysis. Data from few studies suggested that the immune recovery is indepen-

dent of the age at cART initiation. [9, 27] Better viral suppression but poorer immunological

responses have been described in older individuals compared to children. [10] The median

time to achieve immunological response (CD4> 30%) has been described to be shorter in chil-

dren younger than two years, irrespective of pre-cART CD4 counts and the time to immune

recovery, and it increased progressively in older children. [25]

Initiation of cART after severe immunosuppression was described as ineffective in several

studies for a normal CD4 count recovery. [1, 11] A study conducted in the United States

showed that children who started ART and who had a higher nadir CD4% were more likely to

achieve a higher CD4%. [8] Two studies conducted in Thailand showed that higher baseline

CD4% was associated with better achievement of immune recovery. [28, 29] These results

show consistency with the ones observed in our cohort, as univariate analysis showed that

patients who had worse immune recovery had a lower CD4 nadir and a lower CD4 count at

baseline, although, only the CD4 nadir remained independently associated to immune recon-

stitution in multivariate analysis. Other studies, have described that patients under greater

immunosuppression had the largest CD4 increase, but only a minority of these patients

achieved CD4> 25%. [20, 24]

So we can say, like in other studies in adults that early initiation, before CD4 decrease, and

effective ART appear to improve CD4/CD8 ratio in long term viral suppression patients. [14]

CDC clinical stage was not associated with immune recovery in our study. In the European

Collaborative Cohort study, children on clinical stage C were less likely to achieve a 20%
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increase in CD4 z-score, compared to those who had cART initiated at clinical stage B or A.

[26] In two studies conducted in Thailand, clinical CDC stage was not an independent predic-

tor for reaching CD4 percentage > 25% after cART initiation. [19, 28]

In our study, higher baseline CD8 counts and lower baseline CD4/CD8 ratio were associ-

ated with worse immune recovery in univariate analysis. Baseline absolute CD8 cell counts

and CD4/CD8 ratio has been described influencing the recovery of CD4/CD8 ratio and CD4

response in HIV-infected adults. [18, 30, 31]

No associations were found between baseline viral load and immune recovery in our popu-

lation, which is consistent with other published data. [19] Longer duration of undetectable

viral load was nearly significant to achieve a CD4/CD8 >1, with p value 0.2, probably due to

the small size of the sample.

Moreover, in our study, ethnicity could not be considered as a predictor for immune

response, as also reported in a study conducted in children in The Netherlands, despite initial

differences in CD4 counts. [32] Similar results were found in adult population, observing a sig-

nificantly lower CD4/CD8 ratio prior to commencing ART in Asian patients compared to

Caucasian, but after adjustment, there was no significant difference between the cohorts in

odds of achieving normal ratio. [33]

A limitation of this study is that, despite being the largest study to date in terms of the

length of follow-up period of patients; in describing the immune reconstitution, the sample

size is not representative of the entire Spanish cohort due to the fact that there were missing

data for most patients in such a long follow-up period and, also due to the observational

nature of the study. The second limitation is that CD4/CD8 ratio is an imperfect measure of

immune reconstitution and immune activation and we did not consider other laboratory

parameters that are now commonly used to describe immune reconstitution (quantification of

CD31+CD45RA+CD4+ T cells) or immune activation (HLADR CD38 expression). The third

limitation is that 30% of children received mono or dual therapy, which implies that these chil-

dren started therapy in an earlier era of treatment when less potent antiretroviral therapy were

available and this potential bias was not addressed.

Conclusion
This study showed the long-term immune recovery after 10 years of initiating and maintaining

suppressive cART, nonetheless one third of patients did not achieve a CD4/CD8 ratio > 1,

being associated with a lower CD4 nadir and receiving previously mono or dual therapy. All

these data suggest that there is a difficulty in achieving immune recovery after severe immune

deterioration, which highlights the importance of an early and effective treatment initiation. In

addition, our observations showed a relationship between incomplete immune recovery and

immune activation, despite maintained undetectable viral load, which requires longer follow

up to elucidate its potential long term consequences.
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Software: Sara Guillén, Santiago Jiménez de Ory, José Tomás Ramos.
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ratio as a marker T cell activation, senescence and activation/exhaustion in treated HIV-infected chil-
dren and Young adults. AIDS 2013; 27: 1513–1519. https://doi.org/10.1097/QAD.0b013e32835faa72

16. Serrano-Villar S, Gutiérrez C, Vallejo A, Hernández-Novoa B, Dı́az L, Abad-FernándezM, et al. The
CD4/CD8 ratio in HIV-infected subjects is independently associatedwith T-cell activation despite long-
term viral suppression. J infect 2013 Jan; 66(1):57–66. https://doi.org/10.1016/j.jinf.2012.09.013 PMID:
23046968

17. Mussini C, Lorenzini P, Cozzi-Lepri A, LapadulaG, Marchetti G, Nicastri E, et al. CD4/CD8 ratio normal-
isation and non-AIDS-related events in individualswith HIV who achieve viral load suppression with
antiretroviral therapy: an observational cohort study. Lancet HIV 2015Mar; 2(3):e98–106. https://doi.
org/10.1016/S2352-3018(15)00006-5 PMID: 26424550

18. Sauter R, Huang R, Ledergerber B, BattegayM, Bernasconi E, Cavassini M, et al. CD4/CD8 ratio and
CD8 counts predict CD4 response in HIV-1-infected drug naive and in patients on cART. Medicine (Bal-
timore) 2016Oct; 95(42): e5094.

19. Collins IJ, Ngo-Giang-HuongN, JourdainG, Chanta C, Puangsombat A, Kwanchaipanich, et al. Long
term immune response in HIV infected children receiving highly active antiretroviral therapy in Thailand:
outcomes at 7-years. 7th IAS Conference on HIV Pathogenesis and Treatment. Kuala Lumpur, Malay-
sia, 2013. Abstract TUPE314.

20. Patel K, Hernán MA, Williams L, Seeger JD, McIntosh K, Van Dyke RB, et al. Long-term effects of
Highly Active Antirretroviral therapy on CD4 cell evolution among children and adolescents infected
with HIV: 5 years and counting. Clin Infect Dis 2008; 46: 1751–60. https://doi.org/10.1086/587900

21. DeBiasi S, Bianchini E, Nasi M, DigaetanoM, Gibellini l, CarnevaleG, et al. Th1 and Th17 proinflamma-
tory profile characterizes invariant natural killer T cells in virologically suppressedHIV+ patients with low
CD4+/CD8+ ratio. AIDS 2016 Nov 13; 30(17): 2599–2610. https://doi.org/10.1097/QAD.
0000000000001247PMID: 27782963

22. LuW, Mehraj V, Vyboh K, CaoW, Li T, Routy JP. CD4:CD8 ratio as a frontier marker for clinical out-
come, immune dysfunction and viral reservoir size in virologically suppressedHIV-positive patients. J
Int AIDS Soc 2015 Jun 29; 18:20052. https://doi.org/10.7448/IAS.18.1.20052PMID: 26130226

23. Serrano-Villar S, Zhou Y, Rodgers AJ, Moreno S. Different impact of raltegravir versus efavirenz on
CD4/CD8 ratio recovery in HIV-infected patients. J Antimicrob Chemother 2017 Jan; 72(1):235–239.
https://doi.org/10.1093/jac/dkw375 PMID: 27655859

24. Soh CH, Oleske JM, BradyMT, Spector SA, BorkowskyW, Burchett SK, et al. Long term effects of pro-
tease inhibitor based combination therapy on CD4 T cell recovery in HIV-1 infected children and adoles-
cents. Lancet 2003: 362: 2045–2051. https://doi.org/10.1016/s0140-6736(03)15098-2

25. Walker AS, Doerholt K, SharlandM, Gibb D for the Collaborative HIV Paediatric Study (CHIPS) Steer-
ing Committee. Response to highly active antiretroviral therapy varies with age: the UK and Ireland Col-
laborative HIV Paediatric Study. AIDS 2004; 18: 1915–1924. https://doi.org/10.1097/00002030-
200409240-00007

26. EuropeanCollaborative Study. CD4 cell response to antiretroviral therapy in children with vertically
acquiredHIV infection: Is associated with age at initiation? J Infect Dis 2006: 193: 954–962. https://doi.
org/10.1086/500842

27. HainautM, DucarmeM, Shandené L, Peltier CA, MarissensD, Zissis G, et al. Age-related immune
reconstitution during highly active antiretroviral therapy in human immunodeficiency virus type 1-
infected children. Pediatr Infect Dis J 2003; 22: 62–69. https://doi.org/10.1097/01.inf.0000046024.
57819.12 PMID: 12544411

28. Puthanakit T, Kerr SJ, Ananworanich J, Bunupuradah T, Boonrak P, Sirisanthana V. Pattern and pre-
dictors of immunological recovery in human immunodeficiency virus-infected children receiving non-
nucleoside reverse transcriptase inhibitor based highly active antiretroviral therapy. Pediatr Infect Dis J
2009; 28: 488–492.

29. Phongsamart W, Hansudewechakul R, Bunupuradah T, Klinbuayaem V, Teeraananchai S, Prasithsiri-
kul W, et al. Long term outcomes of HIV-infected children in Thailand: the ThailandPediatric HIV Obser-
vational Database. Int J Infect Dis 2014; 22: 19–24. https://doi.org/10.1016/j.ijid.2013.12.011

30. Caby F, writing Committee of the CD4/CD8 ratio working group of the French Hospital Database of HIV
(FHDH-ANRS Co4). CD4/CD8 ratio restoration in long-term treated HIV-1-infected individuals: Inci-
dence and determinants. AIDS 2017; 31: 1685–1695. https://doi.org/10.1097/QAD.0000000000001533

31. Torti C, Prosperi M, Motta D, Digiambenedetto S, Maggiolo F, ParaninfoG, et al. Factors influencing
the normalization of CD4+ T-cell count, percentage and CD4+/CD8+T-cell ratio in HIV-infected patients

Prognostic factors of a lower CD4/CD8 ratio in HIV infected children

PLOSONE | https://doi.org/10.1371/journal.pone.0220552 August 5, 2019 10 / 11

https://doi.org/10.1093/cid/ciw076
http://www.ncbi.nlm.nih.gov/pubmed/26908792
https://doi.org/10.1097/QAD.0b013e32835faa72
https://doi.org/10.1016/j.jinf.2012.09.013
http://www.ncbi.nlm.nih.gov/pubmed/23046968
https://doi.org/10.1016/S2352-3018(15)00006-5
https://doi.org/10.1016/S2352-3018(15)00006-5
http://www.ncbi.nlm.nih.gov/pubmed/26424550
https://doi.org/10.1086/587900
https://doi.org/10.1097/QAD.0000000000001247
https://doi.org/10.1097/QAD.0000000000001247
http://www.ncbi.nlm.nih.gov/pubmed/27782963
https://doi.org/10.7448/IAS.18.1.20052
http://www.ncbi.nlm.nih.gov/pubmed/26130226
https://doi.org/10.1093/jac/dkw375
http://www.ncbi.nlm.nih.gov/pubmed/27655859
https://doi.org/10.1016/s0140-6736(03)15098-2
https://doi.org/10.1097/00002030-200409240-00007
https://doi.org/10.1097/00002030-200409240-00007
https://doi.org/10.1086/500842
https://doi.org/10.1086/500842
https://doi.org/10.1097/01.inf.0000046024.57819.12
https://doi.org/10.1097/01.inf.0000046024.57819.12
http://www.ncbi.nlm.nih.gov/pubmed/12544411
https://doi.org/10.1016/j.ijid.2013.12.011
https://doi.org/10.1097/QAD.0000000000001533
https://doi.org/10.1371/journal.pone.0220552


on long-term suppressive antiretroviral therapy. Clin Microbiol Infect 2012May; 18(5):449–58. https://
doi.org/10.1111/j.1469-0691.2011.03650.x PMID: 21919996

32. CohenS, Van BilsenWPH, Smit C, Fraaij PLA, Warris A, Kuijpers TW, et al. Country of birth does
not influence long term clinical, virologic and immunological outcome of HIV-infected children living in
the Netherlands: a cohort study comparing children born in the Netherlands with children born in sub-
Saharan Africa. J Acquir Immune Defic Syndr 2015; 68: 178–185. https://doi.org/10.1097/QAI.
0000000000000431

33. Petoumenos K, Choi JY, Hoy J, Kiertiburanakul S, Ng O Tek, BoydM, et al. CD4:CD8 ratio comparison
between cohorts of HIV-positive Asians and Caucasians upon commencement of antiretroviral therapy.
Antivir Ther 2017; 22: 659–668. https://doi.org/10.3851/IMP3155 PMID: 28291735

Prognostic factors of a lower CD4/CD8 ratio in HIV infected children

PLOSONE | https://doi.org/10.1371/journal.pone.0220552 August 5, 2019 11 / 11

https://doi.org/10.1111/j.1469-0691.2011.03650.x
https://doi.org/10.1111/j.1469-0691.2011.03650.x
http://www.ncbi.nlm.nih.gov/pubmed/21919996
https://doi.org/10.1097/QAI.0000000000000431
https://doi.org/10.1097/QAI.0000000000000431
https://doi.org/10.3851/IMP3155
http://www.ncbi.nlm.nih.gov/pubmed/28291735
https://doi.org/10.1371/journal.pone.0220552

