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ARTICLE INFO ABSTRACT

Keywords: Introduction: Highly active antiretroviral therapy (HAART) was piloted in 2002 and was scaled up
HIY in 2003 in mainland China. The aim of this study was to evaluate the mortality and its possible
Children predictors based on the long-term initial antiretroviral therapy (ART) cohort among HIV positive
Adolescents .

Cohort stud children and adolescents.

Mortality Y Methods: This prospective open-labeled multicenter cohort study was conducted from January

2008 to July 2021. The participants were recruited from six representative sites in mainland
China. A total of 609 participants with an HIV-positive serostatus and <18 years old were
recruited and each participant was informed consent at the time of enrollment. Mortality and
annual hazard were calculated, and predictors for death were analyzed using Cox regression
models generating hazard ratios (HR).

Results: The results showed that the mortality was 0.721 per hundred person-years, and the
annual hazard was less than 0.10 over time. Both CD4™T cell count and CD4'T cell percentage
declined in the death group during the follow-up. The Cox regression model showed that the
baseline low CD4 T cell count level (Low vs. High: aHR = 8.309, 95% CI: (1.093, 63.135)) and
age >5 years old at HIV diagnosis (6-12 vs. 0-5: aHR = 3.140, 95%CI: (1.331, 27.411)); 13-18
vs. 0-5: aHR = 5.451, 95%CIL: (1.434, 20.724)) were possible risk factors for death.

Conclusion: The longitudinal cohort study demonstrated the efficacy of China’s ART program
among HIV-positive children and adolescents which could be beneficial to other countries with
limited resources.
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1. Introduction

Since 2010, new HIV infections among children have declined by 58%, from 310 000 (210 000-490 000) in 2010 to 130 000 (90
000-210 000) in 2022. In 2022, 77% (65-90%) of adults aged 15 years and older living with HIV had access to treatment, as 57%
(44-78%) of children aged 0-14 years [1]. The introduction of ART decreased pediatric HIV mortality in developed countries to below
1 per 100 child years [2,3]. An Institution-based retrospective cohort study in Northwest Ethiopia from 2014 to 2018 showed that a
total of 251 HIV-positive children on ART were followed up for a total of 60 months, the overall mortality incidence rate in the cohort
during the 626 Child-Year-Observation (CYO) was 2.56/100 CYO [4]. Another study on HIV-infected children based on the Thailand
Pediatric HIV Observational Database reported that of the 1139 children, the death rate was 1.3 (95% confidence interval (CI) 1.1-1.6)
from 2008 to March 2011 [5]. A long-term retrospective cohort analysis of patients aged <12 years at ART initiation in sub-Saharan
Africa between 2004 and 2009, and results showed that in 2306 patients with an average follow-up time on ART of 2.3 years
(interquartile range 1.5-3.1 years), the overall mortality rate was 2.25 deaths/100 person-years (95% confidence interval CI:
1.84-2.71) [6]. Data on the efficacy of pediatric antiretroviral regimens in the long-term treatment especially for follow-up more than
five years of HIV-positive children were limited in China. So, it was necessary to assess the long-term effectiveness, especially on
mortality of antiretroviral therapy in children living with HIV.

The implementation of the “Four Free and One Care” policy began in 2003 in China. Declines in mortality and improvements in
prognosis in HIV-1-infected adults have been observed as a consequence of the increasing use of highly active antiretroviral therapy
(HAART). The national pediatric ART program was launched in the 6 Chinese provinces with the highest HIV prevalence (Henan,
Anhui, Hubei, Yunnan, Shanxi, and Guangxi) in 2005. Until 2010, the pediatric ART program expanded to 28 provinces and auton-
omous regions [7].

Due to the availability of ART drugs being limited for -children in China, a small portion of HIV-positive children were treated using
adult formulations by splitting pills. Recommended first-line treatment regimen was zidovudine (AZT) or stavudine (D4T) plus
lamivudine (3 TC) plus nevirapine (NVP) or efavirenz (EFV). NVP was preferred for children <3 years or <10 kg. Free CD4" T cell
count and CD4% testing were provided every 6 months for all pediatric ART patients, and follow-up visits were conducted every 3
months [8].

In summary, with the introduction of HAART, it was important to evaluate the survival observed in children after using ART and
what factors were associated with the risk for mortality in China.

2. Materials and methods
2.1. Study setting

This study was a prospective open-labeled multicenter cohort study to explore the mortality and annual hazard of initial antire-
troviral therapy among HIV-positive children from January 2008 to July 2021 in six representative sites in mainland China. The study
sites included the Yunnan Provincial Hospital of Infectious Disease, the Guangxi Zhuang Autonomous Region Center for Disease
Control and Prevention, the Shangcai Center for Disease Control and Prevention of Henan Province, The Sixth People’s Hospital of
Xinjiang Uygur Autonomous Region, The Sixth People’s Hospital of Zhengzhou, Guangzhou Eighth People’s Hospital, The Second
People’s Hospital of Yining. The recruitment time was from Jan 2008 to Aug 2011 and from Jan 2013 to Aug 2014, and the follow-up
period lasted from April 2008 to July 2021.

2.2. Participants and data collection

Participants were recruited by the following inclusion criteria: (1) having an HIV-positive serostatus. (2) being <18 years old when
first identified as HIV positive. (3) initiated standard Chinese first-line regimen followed by the Chinese National ART guidelines from
the three original drug classes [8,9]. The ART regimens combined with two nucleotide reverse transcriptase inhibitors (NRTIs) plus one
non-NRTIs (NNRTIs) or one protease inhibitors (PIs). The specific antiretroviral regimens combination was (d4T/AZT/ABC) +3TC+
(NVP/EFV/LPV/r) *. (see details in Supplement materials) (4) signed informed consent voluntarily by children’s parents or other
guardians at the time of enrollment.

The epidemiological and demographic characteristics (Age, gender, WHO clinical stages, disclosure, ART sites, infection route,
ethnicity, and ART regimens) were obtained from a web-based clinical data management system. The HIV-1 viral load in plasma was
quantified using a Standard Amplicor HIV Monitor assay, version 1.5 (Roche Diagnostics, Indianapolis, IN, USA), with a limit of
detection of 40 copies/ml. The CD4" T cell count was measured by a standard flow cytometry technique with a TruCOUNT tube in
routinely equipped laboratories (BD Biosciences, San Jose, CA, USA).

2.3. Definitions

According to the UNAIDS guidelines and CDC recommendations, the participants were divided into three age groups (0-5 years old,
6-12 years old, and 13-18 years old) [10,11]. The participants who only had the baseline viral load were defined as a loss to follow-up.
The primary outcome was all-cause mortality during the follow-up. The virological failure was defined as having more than twice
HIV-1 viral load (VL) testing data and two consecutive VL > 200 copies/mL after at least 6 months of ART. CD4 " T cell counts were set



H. Zhang et al. Heliyon 10 (2024) e27961

into three level groups based on the CDC recommendations, including Low, Medium, and High [10] (see details in Table 1).

Ethical statement

This study was approved by the ethics committee of Beijing Ditan Hospital of Capital Medical University (Approval number: 2019-
037-002). All participants or their legal guardians were informed consent at the time of enrolment.

2.4. Statistical analysis

Statistical analysis was performed by the “survival” package and “ggplot2” package from R studio 4.2.1 and plots were also
produced by Prism 9.1.1. Data were presented as absolute and relative frequencies. All-cause mortality and annual hazard were
calculated, and risk factors for death were analyzed using univariate and multivariate stepwise Cox regression models generating
hazard ratios (HR). The 95% confidence interval (CI) was used to estimate the precision of the HR. Statistical significance was defined
as a two-tailed P value of <0.05.

%o

(®dA4T: Stavudine; @AZT: Zidovudine; ®ABC: Abacavir; @3TC: Lamivudine; ®NVP: Nevirapine;

®EFEFV: Efavirenz; @QLPV/r: Lopinavir/Ritonavir.

Dosage:

ABC: 8 mg/kg, twice a day (maximum 300 mg each time)

AZT:180~240 mg/m body surface area, once every 12 h (for infants over 6 weeks old)

3TC:4 mg/kg twice daily (for infants over 30 days old)

NVP:160~200 mg/m body surface area, once a day for 14 days, and then once every 12 h.

EFV:15 mg/kg once daily before going to bed (EFV is not intended for children weighing less than 10 kg or younger than 3 years of
age)

In pediatric who are using d4T, the dose is 1 mg/kg, once every 12 h (the maximum cannot exceed 30mg/time), but d4T should be
gradually replaced with AZT or ABC.

Table 1
Demographic information on HIV + children who initial ART [n (%); M (Q2s, Q75)]1.
Variables Social information Variables Clinical information
Total 592
Age at diagnosis (years old) 4.44(2.50,6.66) WHO clinical stages
~5 340 (58.22) I 239 (40.37)
~12 217 (37.16) I 97 (16.39)
~18 27 (4.62) I 196 (33.11)
Age at ART initiation (years old) 6.31(4.20,9.26) v 60 (10.14)
~5 198 (33.45) ART regimens
~12 331 (55.91) AZT+3TC + LPV/r 253 (42.74)
~18 63 (10.64) D4T+3TC + LPV/r 16 (2.70)
Ethnicity AZT+3TC + EFV/NVP 174 (29.39)
Han 431 (72.80) D4T+3TC + EFV/NVP 26 (4.39)
Others 161 (27.20) ABC+3TC + LPV/r 123 (20.78)
Gender Baseline CD4+T cell count level”
Male 332 (56.08) Low 219 (37.69)
Female 260 (43.92) Medium 228 (39.07)
ART Sites High 135 (23.23)
CDC-based 181 (30.58) Baseline CD4+T cell percentage (%)
Hospital-based 411 (69.42) <15 172 (29.05)
Disclosure >15 420 (70.95)
Yes 113 (19.09) Baseline VL (copies/ml)
No 479 (80.91) <1000 39 (6.59)
Infection route <100000 160 (27.03)
Maternal-infant 561 (94.76) >100000 393 (66.39)
Others (blood/sexual/others) 31 (5.24) Period of infection to art (days) 235.0 (34.0, 1141.0)
<14 69 (12.17)
>14 498 (87.83)
Level Age at ART initiation
< 5 years old >5 years old
Low <500 <200
Medium 500-1000 200-500
High >1000 >500

2 CD4+T cell count level definition.
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3. Results
3.1. Demographic information

The study recruited 609 participants and included 592 in the study ultimately (Fig. 1 displayed the flow chart of the study). Among
the participants, both genders occupied nearly one-half (Males occupied 56.08%). The 561 (94.76%) participants were transmitted
with maternal-infant. The median age at HIV diagnosis was 4.44 (2.50, 6.66) years old, and the median age at ART initiation was 6.31
(4.20, 9.26) years old. The WHO clinical stage I occupied 40.37% at baseline. 66.39% with the viral load >100000 copies/ml, and the
Low CD4™T cell counted 37.69% in the baseline. The median period from diagnosis to ART initiation was 235.0 (34.0, 1141.0) days,
and the period >14 days occupied 87.83% (Table 1).

3.2. Mortality and hazard

The median follow-up time was 6.22 (2.07-8.99) person-years in total participants, and the longest follow-up time was 13.43
person-years. The results showed that the total loss to follow-up percentage was 17.90% (106/592). There were 26 deaths during the
follow-up.

The mortality was 0.721 (0.443, 0.998) per hundred person-years, and the proportion of death was 4.39% (26/592). Eleven of 26
deaths experienced virological failure, and seven of them with >100000 baseline viral load. Figs. 2 and 3 displayed the survival
probability and annual hazard, which showed that the HIV-positive children who were on ART had above 0.90 survival probability
over time. The annual hazard of death was greatest at an early stage of ART initiation and decreased gradually.

3.3. Risk factors

For the 13-year follow-up overall, the differences in total mortality were found between the different groups from baseline CD4" T
cell level (Low vs. High: aHR = 8.309, 95%CI: (1.093, 63.135)). There was a link between baseline lower CD4'T cell levels and
mortality. The cumulative hazard of death through the entire follow-up period in different baseline CD4"T cell levels was shown in
Fig. 4. During the follow-up, there was a short-term increase in CD47T cell count and then a gradual decline to a lower level in the
death group, while the survival group increased gradually after ART (Fig. 5).

The differences in total mortality were also found between the different age groups at HIV diagnosis (6-12 vs. 0-5: aHR = 3.140,
95%CI: (1.331, 27.411)); 13-18 vs. 0-5: aHR = 5.451, 95%CI: (1.434, 20.724)). Age >5 years old when diagnosed with HIV was
associated with mortality. At the same time, Longitudinal trends of CD4 ™ T cell levels among different age groups at ART initiation over
the follow-up period showed a higher hazard of death among adolescents especially 13-18 years old (Fig. 6).

Adjusted hazard ratios (95% CI) for baseline predictors of total deaths were shown in Table 2.

4. Discussion

Antiretroviral therapy for HIV-positive children and adolescents faced severe resource limitations in China. The implementation of
the policy of antiviral treatment among HIV-positive children began in 2005 in China, and the choice of antiviral drugs for children was
limited, which still lag behind developed countries.

Our study was a long-term cohort study of children living with HIV who initiated ART in China, aiming to know the survival
outcome of antiretroviral therapy. The mortality rate in this study was less than 1 per 100 person-years, and the hazard of death was
less than 0.05 during the follow-up. Previous studies on the mortality of children on ART ranged from 1.8 to 2.3 per 100 person-years in
Asia and South America [12-14]. A Retrospective cohort study with a total of 221 children who were initiated on HAART from 2005 to
2009 and followed up until 2013 conducted in Cameroon showed that 9.9% of children (n = 22) died over a follow-up period of 755
child-years (mortality of 2.9 per 100 child-years) [15]. A nationwide cohort study in 2010 in China of HIV-positive pediatrics found
that mortality was greatest within the first 6 months of treatment (7.5 per 100 person-years) and that by 12 months, it had stabilized to

609 HIV-positive children were recruited
(Jan, 2008 to Aug, 2011)

Excluded:

v

Without birth date (n=4)
Without ART initiation date (n=4)
Left censored data (n=9)

A

Included participants (n=592)

Fig. 1. Flowchart of the study.
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a new level (approximately 1.0 per 100 person-year) [7].

CD4™ T cell count, WHO clinical stage, which reflected the level of immunity, and age at diagnosis or initial treatment may affect
the survival outcome. Previous studies showed a significant reduction in mortality with early ART initiation, within the first 12 weeks
of life, accompanied with a greater than 90% probability of survival into adulthood [16]. In our study, the age at ART initiation did not
show statistical significance for the mortality outcome. The possible reason was that the children or adolescents included in our study
were those who survived despite not initiating ART within one year of birth. One retrospective cohort analysis of 2224 children who
were registered with the government ART centers in Mumbai from 2004 to 2019 showed that the hazard ratio for mortality was higher
in children who registered with the ART center in the first year of life compared with those who in children older than 1 year of age
[14].

The CD4™ T cell level in our study was divided according to the standards of UNAIDS and USA CDC. The recovery of immune level
was judged by CD4" T cell count and percentage. The standard suggested that the CD4 " T cell count took precedence over the CD4" T
cell percentage, and the percentage was considered only if the count was missing. The results showed that the initial treatment baseline
CD4" T cell level had an impact on the survival outcome, and low CD4" T cell led to high mortality. Among those whose outcome was
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death, it showed that CD4 " T cell level rose after a period of antiviral treatment but eventually gradually declined to a lower level and
led to death. Our study findings were consistent with previous studies. One study on baseline characteristics and association with early
mortality among HIV-positive patients in Nigeria showed that the factors associated with early mortality included male sex, HIV
encephalopathy, and low CD4"T cell count (<50 cells) [17]. Another study on 12-month mortality in antiretroviral-treated children
based on the West African Database from 2000 to 2008 also reported mortality was associated with advanced clinical stage, CD4
percentage <15% at ART initiation and year (>2005) of ART initiation [18].

It should be noted that in our cohort, many participants were in the late WHO clinical stage or had low CD4 levels at the time of
initiation of treatment, which was associated with a high risk of death. The advanced disease stage increased mortality risk has also
been reported in many countries in Africa. In one study conducted in Asia from 2001 to 2016, it found that the WHO stage 3 or 4 was
associated with higher mortality [19]. Until 2017, WHO recommended that all people living with HIV should be offered rapid
initiation of ART, defined as within seven days of a positive HIV diagnosis, provided there were no contraindications [20].

Our results also showed that diagnosed HIV positive between 12 and 18 years old have a higher hazard of death. Some previous
studies have also focused on the survival of HIV-positive children in different age groups. A retrospective cohort study was carried out
in eight health facilities in two regions of Ethiorom between 2005 and 2013. They categorized participants as adolescents (ages 10-14
and 15-19) and children. The results showed that of the 2058 participants studied, mortality hazard was significantly higher among
younger adolescents (aHR = 2.8 [1.4, 5.4]) and older adolescents (aHR = 2.3 [1.1, 4.9]) compared with children [21]. The possible
explanation for our study was that the group aged 12-18 in this study had a low CD4" T cell level when diagnosed with HIV, so the
lower immune level caused a higher death hazard. Such a low immunity status at the time of diagnosis suggested that children in this
age group were being delayed detection and treatment. A study in China from 2011 to 2015 showed that the proportion of late
diagnosis in all counted cases was 41.7% (2949/7073) [22]. At the same time, the sample size for the 12-18 age group was small,
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Table 2
Risk baseline factors for mortality analyzed by Cox regression model.
Variable Mortality (95%CI)) HR (95% CI) p aHR (95% CI) P
Age at diagnosis (years old)
~5 0.045(0.110, 0.608) 1.0 1.0
~12 0.081(0.600, 1.831) 3.070 (1.301, 7.245) 0.010 3.140 (1.331, 7.411) 0.009
~18 0.944(-0.373, 6.037) 5.528 (1.454, 21.012) 0.012 5.451 (1.434, 20.724) 0.013
Age at ART initiation (years old)
~5 0.072(0.087, 0.782) 1.0
~12 0.051(0.304, 1.027) 1.338 (0.508, 3.522) 0.555
~18 0.367(0.666, 4.476) 4.139 (1.377, 12.441) 0.011
ART site
CDC based 0.072(0.322, 1.253) 1.0
Hospital based 0.045(0.335, 1.022) 0.691 (0.317, 1.508) 0.354
Baseline Disclosure
Yes 0.185(0.831, 3.231) 3.502 (1.605, 7.642) 0.002
No 0.033(0.217, 0.696) 1.0
WHO clinical stages
I 0.077(0.048, 0.727) 1.0
I 0.179(0.014, 1.416) 1.911 (0.513, 7.118) 0.334
III 0.073(0.276, 1.177) 2.193 (0.749, 6.419) 0.152
v 0.262(0.475, 3.19) 5.490 (1.742, 17.304) 0.003
ART regimens
AZT+3TC + LPV/r 0.070(0.265, 1.131) 1.0
D4T+3TC + LPV/r 1.017(-0.785, 4.851) 3.532 (0.774, 16.127) 0.103
AZT+3TC + EFV/NVP 0.076(0.188, 1.035) 1.034 (0.408, 2.624) 0.943
D4T+3TC + EFV/NVP 0.458(-0.44, 1.356) 0.857 (0.109, 6.701) 0.883
ABC+3TC + LPV/r 0.182(0.112, 1.708) 1.139 (0.389, 3.335) 0.813
Baseline CD4+-T cell count
Low 0.121(-0.116, 0.358) 10.964 (1.459, 82.390) 0.020 8.309 (1.093, 63.135) 0.041
Medium 0.075(0.185, 1.018) 4.977 (0.622, 39.800) 0.130 4.146 (0.416, 33.318) 0.181
High 0.074(0.659, 1.854) 1.0 1.0
Baseline CD4+T cell percentage (%)
<15 0.090(0.404, 1.57) 1.0
>15 0.040(0.297, 0.906) 0.574 (0.264, 1.250) 0.162
Baseline VL (copies/ml)
<1000 0.433(-0.171, 2.768) 1.0
<100000 0.105(0.126, 1.132) 0.499 (0. 124, 1.997) 0.326
>100000 0.041(0.368, 1.035) 2.941 (0.171, 1.994) 0.391
Period from diagnosis to ART (days)
<14 0.226(0.140, 2.121) 1.0
>14 0.033(0.376, 0.963) 0.567 (0.212, 1.512) 0.257

which led to a higher proportion of death and may impact the study results. Another important possible reason may be related to
medication adherence. Adolescents may not take their medication on time because they were rebellious as they enter adolescence or
because of the inconvenience of going to school. A longitudinal retrospective study in low-resource settings made use of routinely
collected data for all 27 229 clinic adults and pediatric patients from 2008 to Feb 2017. The study compared rates of virological
suppression, adherence, and defaulting among children, adolescents, and adults. The results showed that younger and older adoles-
cents (ages 10-14 years and 15-19 years respectively) were less likely to achieve virological suppression compared to adults, and
young children (ages 0-4 years), older children (ages 5-9 years), and younger adolescents were less adherent to ART compared to
adults respectively [23].

This study also reported that HIV disclosure was associated with higher mortality in the univariable analysis, which was incon-
sistent with previous studies. Some studies reported disclosure improved retention in care and reduced mortality in HIV-positive
children by disclosing at school age [24,25]. The possible reason was that age between 12 and 18 group had a higher proportion of
disclosure than other age groups in our study, while age between 12 and 18 in our study tended to be in the late stage of HIV or in the
lower immune level, which might result in a higher hazard of death.

4.1. Limitations

This study was subject to limitations. The observed 17.90% loss to follow-up could potentially lead to an underestimation of the
total deaths, but given the extensive 13-year observation period, some loss to follow-up was inevitable. On the other hand, the deaths
counted for mortality in this study were all-cause deaths that might not have been entirely due to factors related to HIV infection or
treatment, such as accidents. In addition, there was a certain bias in the population included in this study. This population experienced
a long time from diagnosis to ART initiation and survived an early period without antiviral treatment. At the same time, the risk factors
analysis merely focused on the baseline characteristics effects on mortality, which might be incomprehensive. Nevertheless, the
present study underscores the importance for researchers to pay attention to the impact of baseline characteristics on death outcomes
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and emphasize the urgency of initiating rapid treatment.

5. Conclusion

This study was a prospective longitudinal cohort, based on the survival analysis showed a decline in mortality, which demonstrated
the efficacy of China’s ART program among HIV-positive children and adolescents. The risk factors for mortality included baseline low
CD4" T Cell count level and age >5 years old when diagnosed with HIV.

These findings offered valuable insights that could be beneficial to other countries with limited resources. Emphasizing the
enhancement of immune levels and prioritizing early ART for children emerges as a critical takeaway.
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