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Background: Management of HIV-infected children on a long-term basis is a challenge in 
resource-limited countries. The aim of this study is to evaluate the long-term outcome and identify 
the risk factors for mortality in a cohort of children with antiretroviral therapy (ART) in Vietnam.
Patients and Methods: A retrospective cohort study was conducted in children aged 0–15 
years, seen at the outpatient clinic of the Women and Children Hospital of An Giang, 
Vietnam, from August 2006 to May 2019. Cox proportional-hazard models were used to 
determine factors associated with mortality.
Results: A total of 266 HIV-infected children were on ART. During 1545 child-years of 
follow-up (median follow-up was 5.8 years), 28 (10.5%) children died yielding a mortality 
rate of 1.8 death per 100 child-years. By multivariate analysis, World Health Organization 
clinical stage 3 or 4 (AHR; 7.86, 95% CI; 1.02–60.3, P= 0.047), tuberculosis (TB) co- 
infection (AHR; 6.26, 95% CI; 2.50–15.64, P= 0.001) and having severe immunosuppression 
before ART (AHR; 11.73, 95% CI; 1.52–90.4, P= 0.018) were independent factors for 
mortality in these children.
Conclusion: Antiretroviral therapy has reduced mortality in HIV-infected children in 
resource-limited settings. Independent risk factors for mortality were advanced clinical 
stage (3 or 4), TB co-infection and severe immunosuppression. Early investigation and 
treatment of TB co-infection allow early ART initiation which may improve outcomes in 
our settings.
Keywords: antiretroviral therapy, children, tuberculosis, mortality

Introduction
HIV is a major public health issue in the world. It is estimated that about 
37.9 million people worldwide are living with HIV/AIDS. Of these, 1.7 million 
were children under 15 years old by the end of 2018.1 In Vietnam, about 5400 
children are living with HIV/AIDS.2

Several studies suggest that early Antiretroviral therapy (ART) benefits include 
slowing disease progression, increased immunity, reduced long-term neurologic 
sequelae, and reduced mortality.3,4 In response to the HIV epidemic, in 2005 the 
Ministry of Health of Vietnam issued guidelines for HIV/AIDS diagnosis and 
treatment and set up Outpatients Clinics (OPCs) in all provinces to provide free 
care and treatment to patients.5

An Giang is a southwestern province in the Mekong Delta of Vietnam and 
shares a border with Cambodia. The HIV prevalence of this province is about 0.6% 
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and ranks fifth in the number of HIV infections in 
Vietnam.6 The pediatric outpatient clinic (pOPC) of the 
Women and Children Hospital of An Giang has initiated 
ART for HIV-infected children since 2006. This pOPC is 
funded by PEPFAR and Vietnam’s national HIV preven-
tion and control program.

ART programs for HIV-infected children in Asian coun-
tries have been shown to be effective, with mortality rates 
ranging from 1.9 child-years to 4.9 child-years.7–11 The 
common risk factors for mortality were a low CD4 percen-
tage, WHO clinical stage 3 or 4 and malnutrition.8–10,12 In 
a cohort of 266 HIV-infected children with suspected tuber-
culosis (TB) in four countries (Burkina Faso, Cambodia, 
Cameroon, and Vietnam), Marcy et al found that TB, young 
age, CD4 less than 10%, miliary features, and elevated 
serum transaminases were all independent predictors of 
mortality.13

In Vietnam, by the end of 2011, there were 3200 
Vietnamese children with HIV/AIDS receiving ART; 
However, there were a few reports on ART outcomes 
among HIV-infected children14–16 In a study of 86 children 
on ART in Hanoi, Vietnam, Pham et al reported that the 
success rate (plasma HIV-1 viral load <1000 copies/mL) 
was 79.1% after 2-year follow-up.14 As far as this author 
knows, no studies to evaluate long-term ART outcomes for 
infected-HIV children have been conducted in Vietnam. The 
purpose of this study is to evaluate the long-term outcome 
and to identify the risk factors for mortality in a cohort of 
children receiving ART at one provincial OPC in Vietnam.

Patients and Methods
Study Design, Setting and Participants
This retrospective cohort study was conducted from 
August 2006 to May 2019, at the Women and Children 
Hospital of An Giang in the Mekong Delta of Vietnam. 
This hospital serves a catchment of about 560,000 children 
under 16 years of age, out of the 2.2 million population An 
Giang province. This province had the fifth-highest pre-
valence of HIV infection (0.6%) in Vietnam (Vietnam 
Ministry of Health, unpublished).

This study included children 2 months to 15 years of 
age diagnosed with HIV-1 infection, who were enrolled at 
pOPC and subsequently receiving ART. Children who did 
not receive ART were excluded from the analysis.

Laboratory tests were conducted at the central laboratory 
(Pasteur Institute in Ho Chi Minh city). HIV diagnosis was 
based on two HIV antibody tests for children≥ 18 months old 

or a double polymerase chain reaction (PCR) to detect HIV-1 
proviral DNA for children less than 18 months old. The CD4 
+ T-cell count was tested on BD FACSCount™ (Becton 
Dickinson, USA) and was performed at An Giang General 
Hospital.

Data Collection
Data were extracted from the patient medical records kept 
at the pOPC at the end of the study. The study variables 
recorded twice at enrolment and at the end of the study 
included age, gender, WHO clinical stage, nutritional sta-
tus, immunosuppression status (CD4 cell count, viral 
load), anemia (hemoglobinemia), abnormal liver enzymes 
(AST, ALT), TB co-infection and ART regimens. 
Recording outcome variables included lost to follow-up 
(LTFU), transfer out and mortality. Data were double- 
checked by a second reviewer for quality and accuracy.

Patient Care and Management
Before starting ART, children underwent a general exam-
ination including history, physical examination, chest 
X-ray and performing necessary laboratory tests (full 
blood count, liver enzymes, and CD4 count). HIV viral 
load testing was not routinely performed unless the patient 
does not respond to therapy. Comprehensive counseling 
for caregivers about ART adherence and side effects was 
provided.

ART initiation for HIV-infected children was indicated 
based on the child’s clinical stage and CD4 percentage 
according to the World Health Organization (WHO) guide-
line criteria in 2006 and the HIV diagnosis and treatment 
guidelines of the Ministry of Health in Vietnam.17,18 

During the study period, the national guideline of HIV/ 
AIDS treatment in Vietnam was changed from version 
2006 to version 2015 (ART was given to all HIV- 
infected children ≥ 5 years of age with CD4 cell count 
≤500 cells/mm,3 regardless of WHO clinical stage) and 
version 2017 (ART should be initiated in all HIV-infected 
children, regardless of CD4 cell count and WHO clinical 
stage) according to the WHO consolidated guidelines on 
the use of ARV drugs for treating and preventing HIV 
infection.19,20

Co-trimoxazole prophylaxis was given to all patients 
regardless of CD4 percentage levels. Besides, children 
under 2 years of age with HIV-tuberculosis co-infection 
received ART regardless of the CD4 counts. The first-line 
ART regimen was stavudine (D4T) or zidovudine (AZT) 
plus lamivudine (3TC) plus nevirapine (NVP) or efavirenz 
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(EFZ). In patients with severe anemia (hemoglobin less 
than 8g/dL), AZT is replaced by D4T or abacavir (ABC). 
The lopinavir/ritonavir (LPV/r) was given to children 
already receiving NVP to prevent mother-to-child trans-
mission of HIV (since 2010). For patients with combined 
TB infection, the first-line ART was started 2–8 weeks 
after anti-tuberculous therapy. A combination of three 
nucleoside reverse transcriptase inhibitors (AZT + 3TC + 
ABC) was prescribed for those weighing less than 10 kg 
and/or for those less than 3 years old; a combination of 
three antiretroviral drugs (AZT or D4T + 3TC + EFZ) was 
provided for children weighing ≥ 10 kg and/or for those ≥ 
3 years of age. The patients with clinical, immunological 
or virological failures will be switched to second-line regi-
mens (containing LPV/r).

Follow-Up
Children were followed at 2 weeks, at 1 month, and then at 
monthly intervals after ART initiation for the first 9 
months and once per quarter thereafter. Tracing of LTFU 
patients was done by phone calls or direct visits (before 
2016). At every appointment weight and height, WHO 
clinical stage, symptoms and clinical signs were recorded. 
Information regarding adherence, adverse drug effects, and 
intercurrent illness was obtained by interview. Follow-up 
hematologic and biochemical tests for liver function were 
performed 1 month after ART initiation and every 6 
months thereafter. The CD4 cell profile was performed 
every 6 months from ART initiation or before switching 
to second-line therapy, and the plasma HIV-1 RNA level 
was performed when clinical or immunological failure was 
suspected. Clinical response to ART was assessed by 
a gain in weight and height and decreased frequency of 
hospitalization. Immunologic response was measured by 
a change in CD4 cell count and CD4%, whereas virologic 
response was assessed by change in plasma HIV-1 RNA 
levels from baseline. An undetectable viral load was 
defined as <200 copies/mL.

Operational Definitions
● Severe immunosuppression was defined when CD4 

percentage is <25% in children less than 11 months, 
< 20% for children 12–35 months, < 15% for chil-
dren 36–59 months, and < 15% or absolute CD4 
count < 200 cells/mm3 for children ≥59 months.21

● Severe anemia was defined as a hemoglobin concen-
tration value less than 8.0 g/dL

● Severe malnutrition was defined when the weight for 
age Z-score (WAZ) less than −3 standard deviations 
(SD) in children less than or equal to 10 years of age 
(using the WHO Anthro 3.0 software) or the BMI-for 
-age Z-score (BMIZ) less than −3SD in children 
older than 10 years of age (using the WHO Anthro 
plus software)22,23

● The abnormal liver enzymes were defined as an 
alanine transaminase (ALT) or aspartate transaminase 
(AST) higher than 43 U/liter (1.25 times the upper 
limit of normal)24

● Tuberculosis was diagnosed before or after ART 
which was based on the following criteria: (1) 
patients with positive sputum or gastric aspirates for 
acid-fast bacilli (AFB) by GeneXpert MTB/RIF 
assay; (2) or patients with negative sputum for 
AFB; however, they had a persistent cough and/or 
fever for more than 2 weeks history of contact with 
TB patients, failure to thrive, failure of antibiotics for 
a pulmonary infection and radiographic signs com-
patible with active pulmonary TB.

Lost to Follow-Up, Transfer-Out and 
Deaths

● Lost to follow up (LTFU) was defined when the 
patient did not attend OPC for 3 consecutive months.

● Transfer-out when patients were transferred to other 
pOPC for continuing management or to move to 
adult OPC when children were over 15 years of age.

● Death: patient death were confirmed from hospital 
records. The cause of death was ascertained by the 
attending physician or by reports from family 
members.

All LTFU and transfer-out were censored on the date of 
their last visit. Death events were defined as all-cause 
deaths occurring after ART initiation but before the 
May 31, 2019 end of the study period.

Ethical Issues
Informed consent was taken from all parents and care-
givers at enrolment. Approval for this study was obtained 
from the Science and Technology Board of the Women 
and Children Hospital of An Giang (reference No: 31b- 
QĐBVSN). The study was conducted in accordance with 
the Declaration of Helsinki. Patient confidentiality was 
assured.
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Statistical Analysis
Categorical variables were expressed as numbers and per-
centages, continuous variables were expressed as median 
and interquartile range. Continuous variables were com-
pared using the Mann–Whitney test, and categorical vari-
ables were compared using Pearson’s Chi-square test or 
Fischer’s exact test.

Cox proportional hazards models were used to identify 
factors (age, gender, baseline CD4 cell count, baseline 
WHO clinical stage, severe malnutrition, treatment for 
active TB, and ART regimens). Hazard ratios (HRs) and 
95% confidence intervals (CI) were calculated. 
Multivariate Cox models were constructed by clinically 
significant variables. All analyzes were conducted using 
software SPSS 20.0 and a two-tailed P value of 0.05 was 
considered significant.

Results
Between August 2006 and May 2019, this pOPC has 
enrolled 303 children, of whom 266 HIV-1 infected chil-
dren who started ART were included in this analysis. After 
13 years of follow-up, 154 children were still retained in 
care. (Figure 1)

Baselines Characteristics of HIV-Infected 
Children on ART
At the initiation of ART, there were 266 children aged 
between 0.2 and 15.8 years. The median age and the 
interquartile range (IQR) were 6.1 (3.5–9.0) years. Most 
children (80%) were 3 years of age or older. Males 
accounted for 50.4%

At the beginning of ART, the median CD4 count and 
CD4% were 386 cells/mm3 and 13.1%, respectively. 55.7% 
children had severe immunosuppression (SIS). The median 
hemoglobin was 11.4 g/dL. The median AST/ALT was 38/26 
U/L. The median weight-for-height Z score (WHZ), weight- 
for-age Z score (WAZ), height-for-age Z score (HAZ), and 
the body mass index Z score (BMIZ) were −0.22 (IQR: −1.2; 
0.56), −2.50 (IQR: −3.65; −1.48), −3.17 (IQR: −4.10; −1.96) 
and −1.04 (IQR: −2.33; −0.15), respectively (Table 1)

At the end of the study, all parameters were improved. 
Median CD4 count increased from 386 to 734 cells 
(P< 0.001), only 2 (1.5%) patients had SIS. Median hemo-
globin level increased from 11.4 to 12.8 g/dL (P< 0.001), 
median AST/ALT decreased from 38/26 to 22/15 U/L 
(P< 0.001). All growth parameters (WAZ, HAZ and BMIZ) 
except WHZ were improved (Table 1)

The first line ART regimen was nevirapine-based 
(56.4%), efavirenz-based (16.9%), Lopinavir/r-based 
(16.2%) and ABC-based (10.5%). There were 29 (10.9%) 
patients switching to second line ART (containing Lopinavir/ 
r) because of clinical (n=2), immunological (n=2) or virolo-
gical failures (n=25). During follow-up, 74 (27.8%) were 
transferred out (transferred-out rate: 4.9 per 100 child- 
years), and 10 (3.8%) were LTFU (rate 0.6 per 100 child- 
years).

Treatment Outcomes
At the end of the study, 238 (89.4%) children were still 
alive. The viral load testing was performed in 166 chil-
dren, 147 (88.5%) of those achieved a viral suppression 
level below

200 copies/mL of HIV-1 RNA. During 1545 child-years 
of follow-up (median follow-up was 5.8 years), 28 out of 
266 patients receiving ART died yielding a mortality rate of 
1.8 death per 100 child-years. There were 10 deaths (35.7%) 
within 3 months, 10 deaths (35.7%) within one year and 8 
deaths after one year of follow-up. Half of the patients died 
in 2006–2007 when the pOPC was first established. Eleven 
(39%) patients died before 2012 and the remaining 3 (11%) 
patients died after 2012.

Cause of Deaths
Among 28 children who died, the median time from enrol-
ment study to death was 0.5 years (IQR: 0.1–1.8 years). 
Causes of deaths were available for 25 children and 

Figure 1 Schematic diagram of the follow-up of the children over 13 years of ART. 
Abbreviations: LTFU, lost to follow-up; ART, antiretroviral therapy.
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included TB (n=11), severe malnutrition (n=5), pneumonia 
(n=4), sepsis (n=2) and encephalitis (n=2). Three children 
died at home with an unknown cause.

Risk Factors for Mortality
There were 55 (20.7%) children less than 3 years old, 134 
(50.4%) of them were male. 36 (13.5%) patients were on 
TB treatment, of which 22 were diagnosed before ART 
and 14 were diagnosed after ART. There were 164 (61.7%) 
children with severe HIV disease (WHO clinical stages 3 
or 4), 140 (55.7%) children having SIS and 68 (25.6%) 
children with severe malnutrition (WAZ <-3SD or BMIZ 
<-3SD) (Table 2).

In the univariate Cox regression analysis, the risk of 
mortality was more in HIV-infected children with TB co- 
infection (CHR; 8.02, 95% CI; 3.82–16.87, P< 0.001); 
severe malnutrition (CHR; 2.79, 95% CI; 1.33–5.88, 
P= 0.007); children with WHO clinical stage 3 or 
4 (CHR; 17.85, 95% CI; 2.42–131.3, P= 0.005) and chil-
dren with SIS (CHR; 23.62, 95% CI; 3.21–173.8, P= 
0.001). The risk of mortality was not dependent on age, 
gender, and ART regimens. In the multivariate Cox regres-
sion, children with WHO clinical stage 3 or 4 (AHR; 7.86, 
95% CI; 1.02–60.3, P= 0.047), SIS (AHR; 11.73, 95% CI; 
1.52–90.4, P=0.018) and those with having TB co-infection 
(AHR; 6.26, 95% CI; 2.50–15.64, P=0.001) were signifi-
cantly associated with a higher risk of mortality (Table 2).

Discussion
This study collected data starting in 2006 with a follow-up 
until 2019. To our knowledge, this is the first report to 
present the mortality rate and the risk factors for mortality 
from a cohort of HIV-infected children receiving ART in 
one provincial OPC in Vietnam.

A total of 266 children has initiated ART at a median 
(interquartile range) age of 6.1 (3.5–9.0) years. The med-
ian duration of ART was 5.8 years with 1545 child-years 
of follow-up. There were 28 (10.5%) deaths, yielding 
a mortality rate of 1.8 death per 100 child-years. 
Mortality was highest in the first three months after ART 
commencement and was frequently caused by tuberculosis 
(TB), pneumonia and severe malnutrition. In survivors, the 
viral suppression rate at the end of the study was 88.5%. 
The independent predictors of mortality in this cohort were 
advanced disease stage (WHO clinical stage 3 or 4), TB 
co-infection and severe immunosuppression (SIS).

In the current study, no association was found between 
age, gender and mortality rate in children on ART. This is 
in contrast with previous studies which suggested that 
girls25 and children with young age were at risk of 
mortality.25–29

The mortality rate in our study is lower than the rates 
of 2.25, 3.0 4.0, 4.7, and 8.4 per 100 child-years reported 
in Malawi, Lesotho, and Swaziland,30 in Nigeria,31 in 
Ethiopia,27 in South Africa,25 and in Kenya,32 respectively. 

Table 1 Baseline Characteristics of HIV-Infected Children on ART at Initiation and at the End of Study

Variables N At Initiation (n=266) N At the End of Study (n=154) P value

Male gender 266 134 (50.4%) 154 77 (50.0%) 0.940
Age (years) 266 6.1 (3.5–9.0) 154 13.5 (9.9–15.3) <0.001

WHO stage (3 or 4) 266 164 (61.7%) 154 8 (5.2%) <0.001

CD4 count 251 386 (51–903) 134 734 (557–980) <0.001

CD4% 13.1% (2.5–24.9%) 25.4% (18.8–33.6%) <0.001
SIS 140 (55.7%) 2 (1.5%) <0.001

Hemoglobin (g/dL) 260 11.4 (10.0–12.3) 150 12.8 (11.8–13.5) <0.001
Severe anemia 11 (4.2%) 4 (2.6%) 0.420

AST (U/L) 260 38 (30–54) 149 22 (18–28) <0.001
ALT (U/L) 26 (17–42) 15 (11–22) <0.001

Abnormal AST/ALT 63 (24.2%) 35 (23.4%) 0.865

WHZ 97 −0.22 (−1.2; 0.56) 09 −3.13 (−3.40; −0.49) 0.139

WAZ 212 −2.50 (−3.65; −1.48) 39 −0.95 (−1.34; 0.50) <0.001

HAZ 260 −3.17 (−4.10; −1.96) 39 −0.89 (−1.92; −0.09) <0.001
BMIZ 189 −1.04 (−2.33; −0.15) 152 −0.19 (−1.30; 0.52) 0.005

Abbreviations: WHO, World Health Organisation; SIS, severe immunosuppression; AST, aspartate transaminase; ALT, alanine transaminase; WHZ, weight for height 
Z-score; WAZ, weight for age Z-score; HAZ, height for age Z-score; BMIZ, BMI-for-age Z-score.
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It is also lower than the rate in other reports from in Asian 
countries such as China (2.31 per 100 child-years),9 

Malaysia (2.86 per 100 child-years)8 and India (4.4–4.9 per 
100 person-years).10 The outcome of this study is similar 
to that of Lumbiganon et al7 who studied 2280 children in 
5 countries in the Asia-Pacific region, including Vietnam. 
However, our study has a longer duration of follow-up and 
lower LTFU rates. The mortality rate in this cohort was 
higher than those in recent studies in Nigeria33 and in 
Thailand,34 which reported 1.0 death and 1.3 deaths per 
100 child-years, respectively. The outcome in these reports 
was better probably because their patients were followed 
up and treated at the referral centers with more facilities 
than at our pOPC.

Our facility in An Giang province had the highest 
prevalence of TB (252 cases per 100,000 in 2004) and 
ranked fifth-highest HIV infection in Vietnam.6 This may 
explain a high incidence of TB infections (13.5%) in HIV- 
infected children in this cohort and TB co-infection was 

significantly associated with a high risk of mortality. This 
finding was consistent with one study in Thailand, Lolekha 
et al35 which found that HIV-infected TB children were 
6.9 times more likely to die than negative-TB children. 
Also, in the study by Mwiru et al36 in Myanmar, a history 
of TB infections was found to be associated with an 
increased risk of mortality (RR, 1.55; 95% CI, 1.09–2.18). 
A recent study in South Africa showed that TB infection 
combined with HIV increased the risk of death by up to 
76%37

In one study with a large cohort from 6 Asian coun-
tries, Mu et al38 have demonstrated that TB co-infection 
increased the risk of virologic failure in HIV-infected 
children and adolescents. In another cohort data from 
Mozambique and Uganda, Costernaro et al39 revealed 
that HIV-patients with clinical stage 4 and TB co- 
infection were significantly associated with treatment fail-
ure. In HIV-infected adult patients, Assefa et al40 also 
found that incident TB increased the risk of 

Table 2 Predictors of Mortality in 266 HIV-Infected Children on ART in Univariate and Multivariate Analyses in Cox Proportional 
Hazards Models, an Giang, Vietnam (2006–2019)

Variables Total n (%) Mortality n (%) Survive n (%) CHR (95% CI) P value AHR (5% CI) P value

Age (years) N=266

<3 55(20.7) 4 (7.3) 51 (92.7) 0.64 (0.22–1.86) 0.422 0.80 (0.25–2.52) 0.708

3–15 (ref) 211(79.3) 24 (11.4) 187 (88.6) 1 1

Gender N=266

Male 134(50.3) 17 (12.7) 117 (87.3) 1.51 (0.71–3.23) 0.282 1.20 (0.55–2.62) 0.635
Female (ref) 132(49.7) 11 (8.3) 121 (91.7) 1 1

Tuberculosis N=266

Yes 36 (13.5) 14 (38.9) 22 (61.1) 8.02 (3.82–16.87) <0.001 6.26 (2.50–15.64) <0.001

No (ref) 230(86.5) 14 (6.1) 216 (93.9) 1 1

WHO stage N=266

3 or 4 164(61.7) 27 (16.5) 137 (83.5) 17.85 (2.42–131.3) 0.005 7.86 (1.02–60.3) 0.047
1 or 2 (ref) 102(38.3) 1 (1.0) 101 (99.0) 1 1

SIS N=251
Yes 140(55.7) 27 (19.3) 113 (80.7) 23.62 (3.21–173.8) 0.001 11.73 (1.52–90.4) 0.018

No (ref) 111(44.3) 1 (1.0) 110 (99.0) 1 1

Malnutrition N=266

Yes 68 (25.6) 13 (19.1) 55 (80.9) 2.79 (1.33–5.88) 0.007 1.42 (0.62–3.27) 0.405

No (ref) 198(74.4) 15 (7.6) 183 (82.4) 1 1

ART regimens N=266

EFV-based 45 (16.9) 5 (11.1) 40 (88.9) 1.16 (0.42–3.21) 0.765 0.33 (0.10–1.03) 0.058
ABC-based 28 (10.5) 5 (17.9) 23 (82.1) 2.09 (0.75–5.81) 0.155 1.75 (0.59–5.12) 0.307

LPV/r-based 43 (16.2) 3 (7.0) 40 (93.0) 0.67 (0.19–2.34) 0.539 1.09 (0.29–4.01) 0.893

NVP-based (ref) 150(56.4) 15 (10.0) 135 (90.0) 1 1

Abbreviations: SIS, severe immunosuppression; ART, antiretroviral therapy; EFV, Efavirenz; ABC, abacavir; LPV/r, lopinavir/ritonavir; NVP, nevirapine; CHR, crude hazard 
risk; AHR, adjusted hazard risk.
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immunological failure in patients on ART. These may 
explain why HIV-infected children combined with TB 
have a higher death rate. Contrary to our study, one 
study in Myanmar with a large cohort of 1159 children 
with nearly half of those having TB at diagnosis, Kaung 
Nyunt et al41 revealed that TB co-infections were not 
significantly associated with higher death. In a meta- 
analysis of 25 cohort studies, Soeters et al42 also found 
that adult patients receiving TB treatment at the time of 
ART initiation experienced similar virologic suppression 
and CD4 cell count reconstitution as those not receiving 
TB treatment.

Severe immunosuppression is an independent risk fac-
tor for mortality in this study. In a 5-year cohort study in 
Thailand, Collins et al43 found that CD4 percentage was 
associated with death, with a 5% decrease in baseline CD4 
percentage resulting in an increased risk of death by 67%. 
This finding was also supported by most previous studies 
in resource-limited countries (RLCs) and most authors 
suggest that a decrease in CD4 percentage below 10% 
was significantly associated with death in children on 
ART.26,31,43–48 When comparing RLCs and developed 
countries (DCs), Peacock-Villada et al49 found that base-
line CD4% in RLCs countries (12%) was lower than that 
in DCs (23%). As a result, the mortality rate per 100 child- 
years after ART was significantly higher in RLCs than in 
DCs (8.0 vs 0.9, P< 0.001).

The advanced disease stage (WHO clinical stage 3 
or 4) is also a predictor of mortality in our study. 
Children at baseline with clinical stage 3 or 4 had 7.2 
times the chance of death when compared with children 
at clinical stage 1 or 2. The findings of this study appear to 
be in line with other previous studies in Asia including 
Vietnam, Bartlett et al12 found that more than half of 
children have experienced a WHO stage 3 or 4 at presen-
tation and the advanced disease stage was associated with 
higher mortality.7,12 In a cohort of 1818 Chinese children 
with 93 deaths, Zhao et al9 found that WHO stage 3 or 4 
disease increased the risk of death by 2.4 times (aHR = 
2.4; 95% CI, 1.1–5.2). The advanced disease stage 
increased mortality risk has also been reported from 
many countries in Africa.27,28,46,50,51

The death rate of our study was still high due to the late 
presentation of patients who came to health facilities with 
advanced HIV disease, late diagnosis in HIV-infected chil-
dren, delayed investigation of TB infection in HIV- 
infected children and interrupting ARV drugs supply 
which forced patients to have to change to other drugs. 

Half of the patients in our cohort died from the late pre-
sentation and delayed ART because there was no previous 
local HIV treatment facility until the newly established 
pOPC (years 2006–2007), while the remaining were diag-
nosed late due to delayed sending the samples to the 
central laboratories. After being equipped with PCR 
machines to diagnose HIV, GeneXpert system for TB 
diagnosis at our hospital and after HIV-infected children 
receiving early ART irrespective of their CD4 count 
according to the updated version (2015, 2017) issued by 
the National Health Ministry, the mortality of HIV- 
infected children in our setting has been improved. In 
recent years, only 3 HIV- patients died from TB co- 
infection and from poor adherence to ART.

The strength of this study is the low rate of LTFU and the 
long duration of follow-up (13 years). However, there are 
several limitations to our study. Firstly, this is a retrospective 
study and there was missing information, particularly 
regarding baseline viral loads and CD4 counts. Secondly, 
this study only conducted at one provincial OPC with 
a limited sample and the number of events was small (28 
deaths), which may induce overfitting of the Cox model to 
predict risk factors for mortality. Thirdly, accurate causes of 
death could not be determined because an autopsy cannot be 
performed in our setting. Fourth, some patients with 
a negative test by GeneExpert assay for sputum or gastric 
aspirates rely on clinical grounds and pulmonary X-ray to 
diagnose TB. Lastly, all children who were LTFU or trans-
ferred out to other OPCs are considered as being censored.

Conclusions
Antiretroviral therapy has reduced mortality in HIV- 
infected children in this cohort. Independent risk factors 
for mortality are advanced clinical stage, TB co-infection 
and severe immunosuppression. Adequate equipment for 
HIV and TB diagnosis for point-of-care testing and early 
treatment according to 2016 WHO consolidated guidelines 
for starting all HIV-infected children on ART will improve 
the outcomes.20 A good outcome for the treatment of HIV- 
infected children at a provincial OPC in Vietnam may be 
a typical model for scaling up ART for children in 
resource-limited facilities, but additional data are needed 
to confirm these findings.
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