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Abstract

Introduction: Human APOBEC3G is a host defense factor that potently inhibits HIV replication. We hypothesize that
HIV-infected children with a genetic variant of APOBEC3G will have a more rapid disease progression.

Methods: Antiretroviral therapy (ART)-naïve children, aged 1–12 years old with CD4 15-24% and without severe
HIV-related symptoms were enrolled. The children had CD4% and absolute CD4 counts every 12 weeks and
HIV-RNA every 24 weeks until 144 weeks. ART was started when CD4% declined to < 15% or AIDS-related
events developed.
APOBEC3G genetic variants were performed by PCR-based restriction fragment length polymorphism techniques
from peripheral blood mononuclear cells. Random-effect linear regression analysis was performed to correlate
APOBEC3G genotypes and disease progression.

Results: 147 children, 35% male, with a median (IQR) age of 6.5 (4.3-8.8) years were enrolled. CDC N:A:B were
1:63:36%. Median baseline values were 20% for CD4% 605 cells/mm3 for CD4 count and 4.7 log10copies/mL for
HIV-RNA.
The frequencies of APOBEC3G genotypes AA (186H/H), AG (186H/R), GG (186R/R) were 86%, 12%, and 2%
respectively. The APOBEC3G genotype GG was associated with a significant decline in CD4% -5.1% (−8.9 to −1.2%),
p<0.001, and CD4 counts −226 (−415 to −34) cells/mm3, p<0.001 by random-effect liner regression analysis. No
significant associations of APOBEC3G genotypes with HIV-RNA changes overtime (p=0.16) or progression to CDC B
and C (p=0.49) were observed.

Conclusions: APOBEC3G genotype GG was significantly associated with a more rapid decline in CD4. APOBEC3G’s
antiviral effects on HIV disease progression in children should be further explored.
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Introduction
In recent years, one of the most investigated human
genetic factors in the control of HIV-1 replication and
disease progression is apolipoprotein B mRNA edit-
ing enzyme, catalytic polypeptide-like 3G (APOBEC3G)
[1-4]. Human APOBEC3G is a host defense cellular
factor located on chromosome 22q13.1-13.2. It interferes
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with the replication of HIV-1 in the absence of Vif,
partly through a deaminase-dependent mechanism.
The expression of APOBEC3G leads to excessive G
(guanidine)-to-A (adenine) substitutions of viral cDNA,
known as hypermutation. This destroys the coding
and replicative capacity of the virus. As well as this,
APOBEC3G inhibits HIV-1 reverse transcription, inte-
gration and restrict the infectivity of HIV-1 [1].
Previously, association of APOBEC3G, CD4 and HIV-

RNA levels in HIV-infected adults has been reported.
Higher levels of APOBEC3G mRNA were associated
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with lower plasma HIV-RNA in antiretroviral therapy
(ART)-naïve HIV-infected adults [5,6]. Reddy K. et al.
reported a genetic variant of APOBEC3G; H186R in GG,
that was significantly associated with a decline in CD4 T
cells and higher HIV-RNA among ART-naïve African
HIV-infected adults [2]. However, there is only limited
data of APOBEC3G in HIV-infected children [3].
We have conducted a multicentre, randomised, open-

label trial of early ART. Compared to ART deferred until
the CD4 percentage fell below 15% or the development
of a CDC classification C event. This trial was conducted
among ART-naïve HIV-infected children aged 1–12
years with CD4 15-24% (The PREDICT study,
NCT00234091) [7,8]. Here, we report the effect of
APOBEC3G genotypes on the disease progression rate
in ART-naïve Thai and Cambodian HIV-infected children
without AIDS symptoms and moderate immune defi-
ciency in the PREDICT study.

Methods
Study population
This is a sub-study of the Pediatric Randomized Early
versus Deferred Initiation in Cambodia and Thailand
study (The PREDICT study, clinicaltrials.gov identifica-
tion number NCT00234091). HIV-infected children
were enrolled from 7 Thai and 2 Cambodian sites from
March 2006 through September 2008. The inclusion cri-
teria were ART-naïve HIV-infected children, aged 1–12
years, Center for Disease Control and Prevention (CDC)
clinical classification N (no HIV symptoms) A (mild HIV
symptoms) or B (moderate HIV symptoms) [9,10], CD4
15%-24%, hemoglobin ≥ 7.5 g/dL and no active oppor-
tunistic infections at screening visit. The children were
followed by weight, height, physical examination, CD4%,
CD4 count every 12 weeks and plasma HIV-RNA every
24 weeks until 144 weeks. ART was started when either
the CD4% declined to < 15% or CDC classification C
events developed. This study was approved by the local
and the Ministry of Public Health Institutional Review
Boards. All caregivers gave consent prior to the
enrolments.

Genotypes of APOBEC3G H186R polymorphism
In this study, we used the samples from all children in
the deferred-arm of the PREDICT study. The APO-
BEC3G genotypes for three polymorphisms (186H/H,
186H/R and 186R/R) were determined by polymerase
chain reaction (PCR)-Restriction Fragment Length Poly-
morphism (RFLP) described in previous reports [2,11].
The genomic DNA from peripheral blood mononuclear
cell lysates in the PREDICT study were isolated using
the InvisorbW Spin Blood Mini kit (Invitek, Berlin, Ger-
many). The PCR reaction was performed to amplify 409-
bp DNA fragment of APOBEC3G H186R region using
the APOBEC3G forward primer: 5’-acctgtgggtctgctctgat-
3’ and APOBEC3G reverse primer: 5’-caggagggaaggcag-
gag-3’. The PCR was performed in a total volume of
20 μL which contained 10 μl of 2x HotStarTaq Plus
Master Mix (Qiagen Inc., Valencia, CA), 1μl of 10 μM of
each primer and 80 ng of genomic DNA. PCR were
started with denaturing at 95°C for 5 min, followed by
35 cycles of 94°C for 30 sec, 64°C for 30 sec and 72°C
for 45 sec, with a final extension at 72°C for 7 min and
4°C. The PCR products were resolved by electrophoresis
in 2% agarose gels in 1x TAE and were stained with eth-
idium bromide.
The PCR products were purified using QIA Cube

MinElute kit (Qiagen Inc.). The restriction digestion
with restriction endonucleases HhaI was conducted to
determine the H186R genotype. The reaction was per-
formed in a final volume of 10 μl with 37°C incubation
for 2 hours and digested PCR products were separated
in 2% agarose gel. The genotypes were reported as geno-
type AA (186H/H), AG (186H/R), or GG (186R/R)

Statistical analysis
Variable distributions were described as median, inter-
quartile range (IQR) or proportions as appropriate.
Kruskal-Wallis test and the Chi tests were used for their
comparisons of continuous covariates and categorical
covariates, respectively. Random-effect linear regression
analysis, adjusted by baseline and study week, was per-
formed to assess the genetic effect of APOBEC3G geno-
types on rates of disease progression overtime; CD4%,
CD4 counts and plasma HIV-RNA. All significance tests
were two-sided with significance at the 0.05 level. All
analyses were undertaken using STATA 10.0 (StataCorp.
2007. Stata Statistical Software: Release 10. College Sta-
tion, TX: StataCorp LP).

Results
A total of 147 ART-naïve HIV-infected children, 35%
male, with a median (IQR) age of 6.5 (4.3-8.8) years were
enrolled. All children were infected with HIV via
mother-to-child transmission. Majority (59%) were Thai
and 41% were Cambodian. The median (IQR) baselines
of CD4%, CD4 count and HIV RNA were 20 (17–23)%,
605 (460–846) cells/mm3 and 4.7 (4.3-5.0) log10copies/
mL, respectively. The other baseline characteristics are
shown in Table 1.

APOBEC3G H186R polymorphism and genotypes
The frequencies of APOBEC3G genotypes AA (186H/H),
AG (186H/R) and GG (186R/R) were 86% (n = 127),
12% (n = 17) and 2% (n = 3), respectively. The propor-
tion of APOBEC3G genotypes AA:AG:GG in Thais were
84%:13%: 3% and in Cambodian were 90% :10% : 0%.
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Clinical progression and CD4 decline during 144 weeks
No death or loss to follow up was reported during base-
line to week 144. Thirty children progressed to the CDC
classification B (e.g. bacterial pneumonia, thrombocyto-
penia, herpes zoster, herpes simplex). Two girls pro-
gressed to CDC classification C; one girl had esophageal
candidiasis (age at onset was 2.1 years, CD4 at onset was
22%) and another girl developed extrapulmonary tuber-
culosis (age at onset was 10 years, CD4 at onset was
27%) during their follow-ups.
A total of 69 children had started ART and 78 children

were still ART-naïve at week 144. The reasons to started
ART were worsening of clinical criteria in 3 children
(1 Pneumocystis jiroveci pneumonia and 2 severe throm-
bocytopenia) and immunologic criteria in 66 children
(63 for CD4 <15% and 3 for CD4 <20%). The median
(IQR) CD4% and CD4 count at weeks 144 of those
69 children who started ART were 29 (24–34)% and
836 (620–1078) cells/mm3. On the other hand, the
median (IQR) CD4% and CD4 count of 78 ART-naïve
children at week 144 were 21 (17–25)% and 552 (436–
711) cells/mm3.

Association between APOBEC3G genotypes and clinical
progression and CD4 decline
The proportion who started ART because of CD4
decline/clinical progression among children with
APOBEC3G genotypes AA, AG, and GG were 60/127
(47%), 7/17 (41%) and 2/3 (67%) respectively (p=0.71). No
significant association between the APOBEC3G genotypes
and the CDC classification B/C was found (p=0.49).
By random-effect linear regression analysis, after ad-

justment by baseline CD4%, CD4 count and study week,
Table 1 Baseline characteristics of antiretroviral therapy naïv

Characteristics1 Total (n=147) APOBEC3G sub
AA (n=127

Age (years) 6.5 (4.3-8.8) 6.7 (4.3-8.8)

% male 35% 35%

% CDC clinical classification
N:A:B

1:63:36% 1:67:32%

Weight (kg) 17 (13.5-21.5) 17 (14–21.5

Height (cm) 108 (95–121) 110 (95–121

Weight for age z-score −1.32 (−2.03 to −0.79) −1.27 (−2.02 to −

Height for age z-score −1.66 (−2.5 to −0.93) −1.66 (−2.48 to −

Weight for height z-score −0.43 (−1.22 to 0.09) −0.44 (−1.22 to

Baseline CD4% 20 (17–23) 20 (17–23)

Baseline CD4 count
(cells/mm3)

605 (460–846) 601 (449–846

Baseline HIV-RNA
(log10copies/mL)

4.7 (4.3-5.0) 4.6 (4.3-5)

1Data are presented as median (IQR).
APOBEC3G genotypes AA (186H/H), AG (186H/R), GG (186R/R).
it was demonstrated that the APOBEC3G genotype GG
was associated with significant decline from baseline to
week 144 in CD4% (95% confidence interval) -5.1% (−8.9
to −1.2%), p<0.001, and CD4 counts −226 (−415 to −34)
cells/mm3, p<0.001. However, APOBEC3G genotype AG
was not significantly associated with a change in CD4%
and CD4 count over 144 weeks; CD4% (95% confidence
interval) -0.2% (−1.9 to 1.5%), p=0.81, and CD4 counts
39 (−42 to 120) cells/mm3, p=0.35. Figure 1 shows the
decline of CD4% over 144 weeks of each APOBEC3G
genotypes. In addition, no significant association be-
tween the APOBEC3G genotypes and change in HIV-
RNA log10 overtime was found (p=0.16).
Discussion
In this study, we demonstrated the association of a gen-
etic variant of APOBEC3G genotypes, H186 in GG, with
the decline in CD4% and the CD4 count over time in
Thai and Cambodian ART-naïve HIV-infected children
with moderate immune deficiency. In contrast, no sig-
nificant association of the APOBEC3G genotypes with
changes of HIV-RNA log10 overtime or progression of
CDC classification was found.
The frequency of APOBEC3G genotypes had been

reported in HIV-infected children and had found to be
an uncommon polymorphism (1% or less). De Maio FA
et al. reported APOBEC3G genotypes in Argentinian
perinatally HIV-infected children, AA, AG and GG were
81.8%, 17.9% and 0.3%, respectively [12]. In addition,
APOBEC3G genotypes in Argentinian HIV-1-exposed
uninfected children, AA, AG and GG were 85%,
14% and 1%, respectively [12]. The proportions of
e 147 HIV-infected children

type
)

APOBEC3G subtype
AG (n=17)

APOBEC3G subtype
GG (n=3)

P value

6.3 (4.2-7.9) 2.8 (1.2-10.1) 0.55

35% 33% 0.99

6:35:59% 0:33:67% 0.05

) 16 (13.5-21) 11.5 (8.6-21) 0.39

) 103 (99–115) 86 (70–120) 0.39

0.77) −1.33 (−2.03 to −0.89) −1.66 (−2.11 to −1.32) 0.72

0.97) −1.39 (−2.33 to −0.87) −2.72 (−3.01 to −1.83) 0.30

0.12) −0.54 (−1.11 to −0.27) 0.03 (−0.4 to 0.37) 0.32

19 (17–26.5) 22 (17–23) 0.81

) 620 (551–836) 1333 (675–2195) 0.09

4.9 (4.4-5) 5 (3.9-5.5) 0.43
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Figure 1 APOBEC3G subtypes and decline of CD4% over 144
weeks.
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APOBEC3G genotypes in our study were comparable
to that study [12].
APOBEC3G genotypes have been associated with sig-

nificant decline in CD4 count in ART-naïve African
HIV-infected adults [2]. In our study, we also found the
association of APOBEC3G genotypes with significant
decline in CD4% and CD4 count. This association needs
more study in a larger sample size or other ethnicity
as the mechanism is unclear [2] and warrants further
investigation.
Association between the APOBEC3G genotypes and

changes of HIV-RNA overtime was demonstrated in
HIV-infected adults. Reddy et al. reported APOBEC3G
genotype GG was associated with higher HIV-RNA
compared to genotype AA (p=0.036) in African HIV-
infected adults after primary HIV-1C infection [2]. How-
ever, we failed to demonstrate this association in our
study which may be due to 1) different immune
responses in children compared to adults and a different
HIV-1 clade. The majority of Thais are infected by
HIV subtypes CRF01_AE [13]. There is limited data of
APOBEC3G genotypes and association to the changes in
HIV-RNA in populations infected with different HIV
clades. 2) Children enrolled in PREDICT study had
lower median baseline HIV-RNA compared to HIV-
infected children in general which had more AIDS
symptoms [5 (4.9-5.5) log10 copies/ml] [14].
Our study had several limitations. First, very few chil-

dren developed AIDS during the study, therefore,
we could not find a significant correlation between
APOBEC3G genotypes and the AIDS disease progres-
sion. A previous report in Argentinian HIV-infected chil-
dren has also shown that there was no affect of
APOBEC3G genotypes and AIDS onset [12]. In addition,
only 3 children had APOBEC3G genotype GG, thus, the
association of APOBEC3G genotypes and sharp decline
of CD4% may have occurred by chance. The
interpretation of our findings should be cautious as fail-
ure to demonstrate a statistically significant difference
between study groups at baseline. For example, different
of baseline CDC classification ratio, and higher baseline
CD4 cell counts of subtype GG group than the other
two groups, although the baseline CD4% was similar,
does not ensure that the groups are equivalent, particu-
larly with the small sample size of the subtype GG that
limits statistical power. Second, we could not see a cor-
relation of APOBEC3G genotypes with the clinical pat-
terns of long term non-progressors, (defined as children
who survived to 8 years or older with CD4% ≥ 25% with-
out receiving ART [15,16]) because only children with
CD4 <25% were enrolled in PREDICT study. Third, we
were unable to perform APOBEC3G mRNA level as the
method that we used could extract only DNA. Higher
APOBEC3G mRNA level has been associated with higher
CD4 count and lower HIV-RNA levels in ART-naïve
HIV-infected adults [5,6].
The strengths of our study are the large number of

ART-naïve vertically transmitted HIV-infected children
with moderate immune deficiency in Asia enrolled with
the long-term clinical data with 144-weeks of follow-up.
Further studies should be evaluated for better under-
standing of APOBEC3G’s antiviral effects on the disease
progression in the HIV-infected children.

Conclusions
In conclusion, our data showed that a genetic variant of
APOBEC3G genotypes, H186 in GG, was significantly
associated with decline in CD4% and the CD4 count
over time in Thai and Cambodian ART-naïve HIV-
infected children with moderate immune deficiency.

This study was presented as poster presentation (pos-
ter number P_11) in 4th International Workshop on HIV
Pediatrics, 20 – 21 July 2012, Washington DC, USA.
This is a sub-study of the Pediatric Randomized Early

versus Deferred Initiation in Cambodia and Thailand
study (The PREDICT study, clinicaltrials.gov identifica-
tion number NCT00234091).
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