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Abstract
Background: According World Health Organization (WHO) guidance on the treatment of HIV infected children, children should be treated 
with antiretroviral therapy (ART) as soon as they are diagnosed with HIV infection.  Even in that case, we found in Vietnam up to 21% of HIV 
infected children suffer from treatment failure a manifested by reduced immune system and increased HIV viral load (according to WHO 
criteria). We hypothesized that the ability to response to ART treatment could be related to certain extent with the immune status and 
clinical markers of HIV infected children.
Aims: To monitor the alteration of clinical, subclinical markers during the course of treatment.
Methods: The study was designed as nested case-control study, we selected all treatment failure (TF) subjects (54 children) and 47 
matched treatment success (TS) subjects, the results were analyzed using Chi-squared and non-parametric tests.
Results: The number of CD4 T cells, opportunistic infections and SGPT/ALT levels during treatment were correlated with the ability to 
respond to treatment in HIV-infected children. In addition, the responders also recoverd better in terms of immunological and other bio-
logical markers including hemoglobin, platelets, and liver enzymes than non-responders. 
Conclusion: The results showed that improvement of CD4 cell numbers, and reduced levels of liver enzymes SGOT / SGPT can be asso-
ciated with good response to treatment. Therefore, monitoring these markers during the treatment can be beneficial in prognosis the 
treatment response.

Introduction
In 2015, there were approximately 35 million people living with HIV 
and 10% of them were perinatal infected children [1]. In Vietnam, there 
are more than 215,000 people living with HIV, of which over 5,500 are 
children [2]. Only 4% of the world’s population are infected with HIV 
whereas 20% of the AIDS death are children [3]. Numbers of research has 
shown the rapid progression of disease among HIV pediatrics especially 
in developing countries where there is limited access to antiretroviral 
therapy (ART) and limited resource to monitor the treatment response 
[3]. The study of Pham et al indicated that after 24 month initiation of 
ART, up to 21% children suffer from treatment failure, manifested by 
a decline in immune function and severely reduced general health [4]. 
Treatment failures are often as consequence of drug resistance and 
mutations of the HIV virus; once the medical test detecting mutation is 
not implemented, the patients would consequently lead to treatment 
failure at higher rate compared to that in developed countries.
Perinatal infected children progress to disease and develop treatment 
failure more rapidly than infected adults [5, 6]. The ART treatment has 
shown to successfully control the viral replication, leading to the 
suppression of viral load to undetectable levels. Beside the ART, 
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immune system is also considered to be one of the most effective 
modes to control viral infection. And as the viral load is suppressed, the 
immune system is believed to be recovered at much more profound 
rate and is expected to be able to combat against certain types of 
opportunistic infections. However, as the high rate of treatment 
failure, these patients must switch to a second line ART with different 
regimens. And at this time point, children would suffer from decreased 
immune system and elevated levels of HIV viral load especially the 
appearance of the mutated virus. 
Beside two golden markers to monitor the treatment responses in HIV 
treated patients including CD4 T cell counts and HIV viral load, other 
biochemical and hematological markers were also studied in order 
to monitor the response such as liver enzyme Alanine transaminase 
(ALT) and Aspartate transaminase (AST), hemoglobin, platelet counts, 
triglycerides and opportunistic infections. The elevations of ALT and 
AST are usually found in certain diseases linked to liver abnormality 
including using epileptic drugs, anti-fungal and treatment with ART. 
Antiretroviral drugs including protease inhibitor might cause damage 
to liver cells and hence increase levels of ALT and AST. However, the 
levels of such elevation are also dependent on other factors including 
treatment response. Other factors might also be associated with 
treatment response including blood lipid markers such as serum levels 
of triglycerides and blood markers including platelet counts.
The study aims at evaluation of the clinical markers including 
biochemical, immunological, hematological markers such as CD4 
T cell counts, viral load, hemoglobin, platelet counts, ALT/AST and 
opportunistic infections in order to monitor the change of HIV-infected 
pediatric patients treated with ART and from which to develop the 
proper recommendation to the clinicians regarding the treatment 
response of the HIV infected children.

Materials And Methods
Research Design: The study was designed as nested case-control 
study in which the data was based on the data of the study called “ART 
treatment for HIV infected children at National Hospital of Pediatrics” 
[4, 7-9] collected from 2008-2012. The cases and controlled were defined 
as the following: 
Cases (patients suffer from treatment failure or nonresponders): 
During treatment follow-up, patients had encountered one of these 

failures: clinical failure (the clinical stage of opportunistic infection 
is characterized at levels 3-4, according to WHO classification), 
immunological failure (the levels of CD4 T cells counts were decreased 
more than 5% of that levels before treatment), or virological failure 
(HIV viral load was greater than 5,000 copies/ml) [10]. Controls are 
defined as patients without treatment failure occurred during 36 
months of treatment.
The HIV infected children, who had visited and received treatment 
at the National Hospital of Pediatrics from 2008 to 2012, were 
included in the study. After 36 month follow- up, a total of 270 HIV 
infected children was recruited, of which 254 were treated and 
monitored periodically. After 36 months, 54 pediatric patients were 
characterized into nonresponders (TF) and 200 were responders (TS). 
HIV medication, clinical examination and counseling were conducted 
periodically. Laboratory tests were conducted every 6 months, with 
the exception of viral load was implemented at least once a year.
Sample sizes: 
The study used principle EPV – events per independent variables 
– in order to calculate the sample size. The event is defined as 
treatment failure and the independent variables are defined as 
clinical markers. The EPV principle has been proven to be appropriate 
for the epidemiological studies using nested-case control study or 
longitudinal study [11]. According to the principle, the study investigate 
five independent variables, thus the sample size has calculated to be 
100 pediatric patients, including 50 responders and 50 nonresponders. 
We chose all 54 cases and therefore randomly selected 54 controls 
among 200 responders. However, in 54 controls, there were 7 controls 
with insufficient information on blood biochemical, immunological 
markers so we used 47 remaining controls.
Analysis: 
The characteristics of the HIV infected children between the two 
groups: responders and nonresponders were compared by Chi square 
test. test at the 5% significance level.

Results
There were total 54 cases and 47 controls included in the study. 
According to the table 1 there was no significantly different between 
sex, age and the levels of opportunistic infection of the study.

Table 1. The characteristics of the cases and controls
TF: Treatment failure
TS: Treatment success
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Figure 1. The changes in CD4 during the 36 months of treatment

In figure 1, there was no statistically significant difference in CD4 T 
cell counts between cases and controls before starting the treatment 
(p=0.14). However, after the treatment initiation, TS group showed 

marked increase in CD4 T cell counts and the levels were much more 
profound than those of TF group. The difference between the two 
groups was statistically significant (p <0.001).

Figure 2. Hemoglobin and platelet levels during the treatment

The hemoglobin levels of both TS and TF groups raised during the 
course of treatment, even though the different has not reached statis-

tically different. In addition, changes in hemoglobin and platelet levels 
were not significantly different between TS and TF groups (p = 0.69 
and p = 0.8, respectively).

Figure 3. Liver enzyme ALT and AST levels during treatment

It can be shown in figure 3, the AST and ALT levels of TS group 
decreased rapidly during the first period of treatment (especially 
at time point 1 and 2, equivalent to 4 and 12 months after starting 

treatment respectively) compared to those of TF group, however, 
the different between the two groups at latter time points showed no 
significantly different (p = 0.84 and p = 0.36, respectively).
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Table 2. Opportunistic infection in HIV infected children

Table 2 presented the opportunistic infections (OIs) before and after 
starting ART treatment in two groups TS and TF. In the TS group, the 
proportion of patients infected with OIs decreased dramatically as 
well as the stage of OIs significantly decreased from stage 3 to stage 
2 according to the WHO classification. On the contrary, in TF group, 
the prevalence of OIs was not significantly reduced before and after 
starting treatment. Similarly, the OI of TF group did not decrease as 
much as that of the TS group.

Discussion
The results showed that among HIV infected children diagnosed and 
treated with ART for the first time, the children under one year of age 
accounted for less than 8%, the groups of children from 1-5 years of 
age accounted for the highest proportion, followed by children from 

5-10 years old. The delayed diagnosis and treatment is also consistent 
with other studies conducted in developing countries such as Senegal, 
Rwada, India and Africa [12-15]. The delayed diagnosis was found to 
be correlated to low levels of education, social stigma and limited 
knowledge on HIV infection [16, 17]. Delayed diagnosis might result in 
reduced treatment response because of the distorted immune system 
in these patients. In addition, these children were also co-infected 
with other opportunistic infection and suffer from certain side-effect 
of ART related symptoms including anemia, impaired functions of 
different systems such as kidney, livers etc. HIV infected children in 
our study also showed such symptoms including anemia, toxic to the 
liver (manifested by liver enzyme levels), prolonged diarrhea and sleep 
disorders. It might be suggested that the efficacy of the opportunistic 
infection treatment might be minimized and the nonresponders were 
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often unable to eliminate the opportunistic infections after 36 month 
of treatment. On the contrary, responders were not only able to 
eliminate the opportunistic infections effectively, but also manage to 
normalize the levels of liver enzymes and hemoglobin.
The large-scale study called PLATO II and COHERE conducted in 1007 
HIV infected children treated with ART showed that there were 5% 
treatment failure after 5 years followed up, which is much lower 
than that of developing countries and our study [18]. Using the Cox 
regression model, the study showed that the age to start treatment 
was shown to be dependent on the treatment response. However, in 
our study there was no statistically significant difference between the 
age to start the treatment between TF and TS groups, nor did we find a 
statistically significant correlation between age to start treatment and 
the treatment response (data not shown). The inconsistent between 
the two studies might be the results of limited number of patients 
recruited in our study.
The majority of HIV children diagnosed with HIV were infected with 
other opportunistic infections (70.37% in TS group and 82.61% in TF 
group). Our data is consistent with the finding reported by Fru et 
al., in which the number of HIV-infected children with opportunistic 
infections was 83.5%, and the frequent opportunistic infections 
include persistent fever, malnutrition, persistent generalized 
lymphadenopathy, recurrent or chronic upper respiratory tract 
infection, prolonged diarrhea etc [14]. Other studies based on 
community indicated that weight loss, prolonged fever, persistent 
systemic lymphadenopathy, and prolonged diarrhea were the four 
most prevalent predictors of HIV infection [19]. Most of the HIV infected 
children were infected with other OIs in clinical stage 2-3 according to 
the classification of World Health Organization (WHO) classification of 
HIV/AIDS. However, the clinical stage or the presence of opportunistic 
infections could not answer the question of whether the children are 
able to response to ART.
The results showed that there was no statistically significant difference 
between the CD4 T cell counts and CD4 percentage at baseline between 
TS and TF groups. Similarly, there was no statistically significant 
difference of other biochemical markers including hemoglobin, 
platelet counts and liver enzyme ALT and AST between TS and TF 
groups. The finding is incompatible with other paper stating that CD4 
T cell counts is the most reliable markers in predicting the treatment 
response in adults [20]. Other studies have also shown that sex, number 
and percentage of CD4 cells at time T0 and clinical stage of OIs are not 
statistically correlated to treatment response in infants [20]. Based on 
the data, we might suggest that the recovery of the body and of the 
immune system depends on factors other than CD4 counts.
Prior to ART treatment, most patients included in the study had CD4 
T-cell counts, hemoglobin levels lower and liver enzymes ALT, AST 
higher than those in normal children. There was no different between 
the two groups TS and TF regarding the above values. During the 
treatment, patients on both groups showed an improvement in terms 
of physical factors including weight and height, CD4 cell counts, 
hemoglobin and platelet levels, and liver enzyme levels and HIV viral 
load. However, the improvement of the two groups was not uniformly 
similar, in TS groups, the CD4 T cells counts increased up to 468 cells/
mm3 whereas, these are 330 cell/mm3 after 36 month of treatment in 
TF group. Hemoglobin levels also increased in both groups especially 
in TS group. Similarly, the platelet levels were also increased although 
the concentration has not reached the reference value. In addition, 
the TS group reduced the liver enzyme AST to a reference value and 
the ALT decreased but still higher than the reference values in children. 
Overall, the TS group could normalize clinical markers better than that 

of TF group.
The number of CD4 + T-lymphocytes, opportunistic infections or 
hemoglobin levels were all affected the treatment response of HIV-
infected children. Thus, the recovery of the immune system based 
on treatment might be an important factor in the prognosis the 
treatment response. Opportunistic infections not only weaken the 
immune system but also complicate the immune system and the 
treatment of certain opportunistic infections that may affect the 
effects of ART. Low hemoglobin, anemia was found to be associated 
with disease progression, whereas ART can lead to anemia in some 
patients and anemia caused by ARV may be a mechanism that could be 
closely related to the response of HIV-infected patients.
Opportunistic infections in HIV-infected pediatric patients were found 
to be closely related to treatment failure, which may be explained by 
the fact that the treatment failure is usually associated with a decline 
in the immune system manifested by decreased CD4 T cell counts. In 
addition, hemoglobin levels and AST concentrations also might affect 
the OIs. Yadav J et al. also found a correlation between the severity and 
the prevalence of opportunistic infection with CD4 cell counts, in which 
patients with the higher of the CD4 cells also experienced the lower 
incidence of infectious diseases [21]. In the TS group, the prevalence of 
OIs decreased significantly in this group, with only few children still 
acquired certain OIs of clinical stage 2 with mild symptoms such as 
upper respiratory tract infection. Thus, after treatment, the immune 
system not only recovers but also is able to combat against the OIs. In 
consistent with the finding, the study by Jankowska M et al. showed 
a strong correlation between CD4 cell counts and the incidence of 
OIs, in addition, up to 45% patients died from OIs including candidiasis, 
tuberculosis, pneumonia, and nervous system toxoplasmosis [22]. Ghate 
M et al.  also demonstrated that patients with CD4 cell counts below 
200 cells/ml were 6 times more likely to be infected with OIs than 
those with CD4 cells above 350 cells/ml [23, 24]. Other studies with larger 
scale such as those of Patton L et al found a link between oral-based 
infections and CD4 cell counts as well as HIV viral load and suggested 
that this could be a marker for follow-up therapy [25]. The correlation 
between CD4 T cell count and the incidence of OIs has been found in 
a large number of papers implemented in both adults and children, 
as well as in different ethnic groups and geographic locations [21, 26, 27]. 
Overall, in TS groups, children tend to recover better after the 
treatment compared to TF groups, thus monitoring the changes in the 
clinical markers might help to predict treatment response and thus, 
might help clinicians to develop proper treatment regimen for each 
individual.
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