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Abstract

There is paucity of information on the prevalence of human immunodeficiency virus type 1 drug-resistance
mutations in infants infected despite prevention of mother to child transmission in Zimbabwe. This study examined
32 dried blood spot specimens from HIV- 1 C infected infants born alive to women receiving antiretroviral therapy,
who were part of the WHO/ResNet early infant diagnosis program between January 2010 and January 2011. The
objective was to determine the patterns and levels of HIV drug resistance and inform on policy formulation. Overall
HIV prevalence of the infants in the retrospect study period was 2.4% (32/1356). Half of the samples (16/32)
analyzed had HIV associated drug resistance mutations, however excluding polymorphic mutations the HIV drug
resistant mutations were 25% (8/32). Frequencies of the mutations were (E138A, n=6; G190A, n=1; M230ML, n=1;
K103KN, n=1; Y181C, n=5; VI0VI, n=1; E138G, n=1; E138EA, n=1). One patient had two mutations the K103KN
and the Y181C. Of the sixteen patients with HIV drug resistance mutations, 5 had nevirapine only resistance, none
had lamivudine resistance and 8 had both etravirine and rilpivirine resistance, 2 had both nevirapine, efavirenz and 1
had rilpivirine only. The study shows an apparent non-nucleoside reverse transcriptase inhibitor (NNRTI) drug
resistance predominance and suggests a judicious use of NNRTI regimens and a prudent strategy to minimize the
selection of drug resistance mutations.

by a polymerase chain reaction (PCR) at 4-6 weeks of age using dried
blood spots (DBS) [5] to reduce the pandemic in children.
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Introduction The high burden of the HIV pandemic in sub Sahara is further

confounded by the interlinked issues of poverty and limited access to
health facilities, resulting in an increased risk of MTCT of HIV [6].
This justifies the urgency of the introduction of interventions to
reduce MTCT. In addition HIV treatment in children is more
challenging compared to adults’ treatment strategies; with a higher risk

UNAIDS estimated 35.3 (32.2-38.8) million people to be living with
HIV infection by 2012, of which 3.3 (3.0-3.7) million and 17.7
(16.4-19.3) million were children under 15 years of age and women
respectively. Zimbabwe (adult prevalence 14.7 %), is part of sub
Saharan Africa with the highest global (69%) HIV burden [1]. It has

also been estimated that 91% of all pregnant women living with HIV
in low and middle income countries live in 25 countries, about 70%
live in 10 countries which include Kenya, Mozambique, Nigeria, South
Africa and Zimbabwe [2].

The burden of the HIV epidemic in children reflects the risk factors
for HIV infection in the adult population, the frequency of undetected
maternal HIV infection and the magnitude of mother -to- child
transmission (MTCT) [3]. HIV infection through MTCT accounts for
more than 90% of HIV infections amongst children, hence the critical
need to identify HIV infected pregnant and lactating mothers in order
to manage them appropriately to reduce transmission rates [4].

As a recommendation by the world health organization (WHO),
infants who are known to have been exposed to HIV should be tested

of virological failures among children [3]. Other challenges in treating
HIV infected infants include limited pediatric formulations [7-9] and a
myriad of challenges like pediatric HIV diagnosis and lack of resources
[10-13].

Without any intervention, 15-45% of babies born to HIV infected
mothers acquire the virus during pregnancy, labor and breast feeding,
with about 65 % of these infant HIV cases likely to occur peripartum
[14,15]. With the advent of highly active antiretroviral therapy
(HAART), several regimens have been recommended for prevention
of mother to child transmission (pMTCT) with varying outcomes
[16-18]. Since MTCT is the primary means by which children become
HIV infected, strategies to reduce the transmission rates have focused
on the time period during pregnancy, intrapartum, post partum and
during breastfeeding [19].
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The WHO guidelines as of June 2013 recommend that either
antiretroviral (ARV) drugs be given to women living with HIV during
pregnancy and breast feeding or lifelong antiretroviral therapy for all
pregnant and breastfeeding women who are living with HIV. The
former being option B and the latter option B + [20]. Option A
regimen, which is being phased out consisted of maternal zidovudine
(AZT) plus infant ARV prophylaxis i.e. ante partum twice daily AZT,
plus single dose nevirapine (sd-NVP) at the onset of labour, plus twice
daily AZT + lamivudine (3TC) during labour and delivery and
continued for seven days post-partum [2].

In Zimbabwe, antiretroviral therapy for pMTCT of HIV has been
available since 2003, with sd-NVP being the regimen of choice (by
then) in which the mother was given a dose of nevirapine at the onset
of labor i.e. at least 2 hours before delivery and another dose was
administered to the infant within 72 hours of delivery [21]. Studies
have shown that a single dose of sd-NVP reduces MTCT by
approximately 47% [22] making it ideal for resource poor settings like
Zimbabwe due to its economic feasibility and simplicity [6]. However,
sd-NVP has been associated with the emergence of drug resistance in
the exposed individuals and hence the regimen was phased out of the
PMTCT programmes [17]. The resistance mutations that have been
associated with NVP resistance include K103N, V106M, Y181C and
GI90A [23]. HIV drug resistance mutations associated with sd-NVP
use pose a negative impact on strides made in pMTCT and HIV
treatment in general especially in resource limited [24,25]. The scale-
up of ART is based on using two nucleoside reverse transcriptase
inhibitors (NRTIs) and one non-nucleoside reverse transcriptase
inhibitor (NNRTT). In low to middle income countries, this has gone a
long way in reducing AIDS related morbidity and mortality and
MTCT of HIV [26]. However, increased and injudicious use of ARVs
for paediatric HIV prevention in pregnant women will lead to an
increase in the number of HIV infected children despite pMTCT as a
result of drug resistance [27-31].

In this study, the authors hypothesized emergence of HIV drug
resistance mutations in children exposed to 3TC and possibly AZT
which are being given as part of the most efficacious regimen, option B
and option B+ respectively in Zimbabwe following abandonment of
sd-NVP. The hypothesis is based on emergence of HIV drug resistance
mutations in children exposed to ART during the use of sd-NVP in
PMTCT programmes. This data will elaborate the extent of HIV-1
drug resistance in children in Zimbabwe with the view of improving
PMTCT strategies and reducing the HIV burden. Zimbabwe is part of
the early infant diagnosis program (EID), a WHO, HIVResNet and
centers for disease control (CDC) prevention and surveillance
initiative to assess HIV drug resistance (HIVDR) to specific ARVs
among infants aged < 18months of age and newly infected with HIV in
resource poor settings [5]. This study sought to document HIV drug
resistance mutations in a cohort of HIV-1 C infected infants born to
mothers that were in the Option A pMTCT program in Zimbabwe.
We thus report here the prevalence of HIVDR mutations in HIV-1 C
infected infants born alive to women receiving ART for their health
and as infant prevention with twice daily AZT ante-partum, sd-NVP
at labour onset and 3TC continued for one week.

Methodology

Ethical approval and considerations

Ethical approval was obtained from the Joint Parirenyatwa and
College of Health Sciences Research Ethics Committee (JREC) and the

national Medical Research Council of Zimbabwe (MRCZ) with the
reference numbers JREC/127/11 and MRCZ/B/228 respectively. No
procedures or interventions were done directly to the participants: the
study was done using archived DBS samples that had already been
collected for EID of HIV. The study adhered to the Helsinki
declaration.

Specimen selection and sample size

Specimens were obtained from the archives of the National
Microbiology Reference Laboratory (NMRL) of Zimbabwe as part of
the ongoing EID study focusing on HIV diagnosis among children <18
months of age. Permission to access specimens was granted by the EID
National Study coordinator together with ethical approval as outlined
above. Thirty two (32) DBS samples of all HIV-1 positive infants (<6
months) born alive to women receiving 3TC and NVP containing
regimens (obtained between January 2010 and January 2011) were
retrieved for HIV DR analysis.

DNA Extraction from the DBS samples

DNA extraction from the 32 frozen (-80°C) DBS samples was done
using the DNA Extraction from Filter Paper with Chelex-100 protocol
described elsewhere [32]. In this procedure, 50 ul spots were excised
from each blood saturated DBS using quarter punches and placed into
1.5 ml screw capped tubes. The punchers were cleaned by punching a
clean filter paper 4-5 times in-between each patient blood spot
according to protocol. A wash buffer constituting of phosphate
buffered saline (PBS) and triton X-100 was used to wash off the blood
from the filter paper by vortexing the mixture briefly and then
incubated at room temperature for 15 minutes on a shaker. After this,
the samples were centrifuged at 13 000rpm and the supernatant was
discarded. The wash was repeated once and then 200 pl of 10% chelex
was added to the tube containing the washed filter paper. The tubes
were placed on a heat block and incubated at 56'C for 1% hrs. The
tubes were removed from the heat block and centrifuged, then placed
into a boiling water bath for 10 minutes; the supernatant containing
the DNA was carefully transferred to labeled clean 1.5 ml screw
capped tubes and stored at -20°C.

PCR Amplification

The HIV-1 DNA from the 32 DBS samples was amplified by nested
PCR using primers specific for the HIV-1 reverse transcriptase gene
codons 1 to 240 using a PTC-100 Peltier thermal Cycler as previously
described [32]. Briefly; two sets of primers are used sequentially, with
the first primer set binding to sequences outside the target DNA in the
first round. The second primer set binds to sequences in the target
DNA that are within the portion amplified by the first set in the
second round. The primer sets for PCR were MozFO:
5’CCTACACCTGTCAACATAATTGG3 forward primer and NERIO:
5AAYTTCTGTATATCATTGACAGTCCA3’ reverse primer, and.
MozFI: ’AATTAAAGCCAGGAATGGATGGS3’ forward primer and
NER11: 5’CAYTTGTCAGGATGGAGTTCATAS3 reverse primer for
first and second round PCR respectively. The first round PCR reaction
(80 pl reaction volume) tube contained of PCR buffer, 2 mM dNTPs,
MgCl,, nuclease free water, the enzyme taq polymerase, the forward
primers Moz FO, the reverse primers NER10 and 20ul of DNA extract.
Second round PCR reaction tube had a reaction volume of 50ul
containing PCR buffer, 2 mM dNTPs, tag DNA polymerase, forward
primer MozF1 and reverse primers NER11. The two rounds were
critical to obtain enough PCR products for subsequent analysis. The
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cycling conditions consisted of a denaturation of 94°C for 5minutes
followed by 35 cycles of 94°C for 30 seconds, 55°C for 30 seconds, an
extension of 72°C for Iminute and a final extension at 72°C for 7
minutes. The cycling conditions for the second round PCR were
similar to those for the first round PCR. After the second round PCR,
a 684 base pair DNA fragment, corresponding to the amplified HIV-1
C product was assessed by ethidium bromide stained 1% agarose gel
electrophoresis. A positive control containing 10 copies of HIV-1 C
was included in each PCR reaction. Negative controls containing all
the PCR reagents excluding template DNA were also included in every
PCR run to ensure there was no contamination of any of the reagents.

HIV reverse transcriptase sequencing

Samples that gave the characteristic 684bp band were sequenced by
the dye terminator method as described [33], briefly; PCR amplicons
were cleaned up using the PureLink QUICK PCR Purification Kit (Life
Technologies, Foster City, CA) and sequenced using the Big Dye
Terminator kit version 3.1 (Life Technologies, Foster City) and a set of
bidirectional primers. Four separate sequencing reactions with each of
the four primers were prepared for each sample. Ten microliter
reactions with 6.1 pl water, 2 pl 5X Sequencing buffer (Life
Technologies), 0.5 ul 3.2 pmol/ml of sequencing primers, 0.4 ul of the
Big Dye Terminator Sequencing mix and 1 pl of the cleaned PCR
product were used for sequencing. The cycling condition for the
sequencing were 35 cycles of 96°C for 10 seconds, 50°C for 5 seconds
and 60°C for 4 minutes followed by a hold a 4°C. The ethanol-sodium
acetate protocol was used for the clean-up of the sequencing products.
The cleaned sequencing PCR products were re-constituted in 10 pl of
HiDi-formamide and denatured at 95°C for 3 minutes. Capillary
sequencing electrophoresis was done on a 3130XL genetic analyzer
(Life Technologies, Foster City, CA).

Sequencing analysis

The sequences covering the first 240 codons of the reverse
transcriptase gene were assembled using Geneious Pro genetic
analyzer [34]. The quality of the sequences was assessed using the

HIV-1 Quality Analysis Tool [35] and the Calibrated Population
Resistance (CPR) tool [36]. HIV-1 subtyping was performed using the
REGA HIV-1 Subtyping Tool v 2.0 [37]. Phylogenetic analysis was
done to aid with quality assurance of the sequencing.

Statistical analysis

Stata version 10 (StataCorp LP, Texas, USA) was used for analyzing
the data. Baseline description of study participants was presented
using percentages for categorical variables such as gender. Prevalence
of HIV drug resistance mutations was calculated as percentages.

Results

Demographic characteristics

Of the 32 DBS specimens included in the study 47% (15) were from
female and 53% (17) male infants. The age ranges of the infants from
whom the specimens were obtained ranged from 0-6months as per the
national EID database.

Prevalence of HIV drug resistance

Overall HIV associated drug resistant mutations prevalence in
infant samples collected in the January 2010 to January 2011 period
was 50% (16/32) and excluding the polymorphic mutations 25% (8/32)
of the samples analyzed, The total number of infants recruited into the
national EID program between January 2010 and January 2011 was 1
356. The prevalence of HIV infection reported in this study was 2.4%
(32/1356) with most samples 97.6% (1324/1356) not meeting the study
criteria (i.e HIV negative). Figure 1 summarizes the HIVDR mutation
frequencies found in 16/32 infant samples analysed stratified by
gender. One of the 16 HIVDR positive samples had at least two
mutations KI03KN and the Y181C. Of the sixteen patients with
HIVDR, 5 had NVP only resistance, none had 3TC resistance and 8
had both etravirine (ETV) and rilpivirine (RPV) resistance, 2 had both
NVP, efavirenz (EFV) and 1 had rilpivirine only (Table 1). The study
shows an apparent NNRTI drug resistance.

Drug Exposed/ Unexposed to drug | Mutations Percentage Frequency of
mutations
% (number)
Lamivudine Exposed M184V 0 (0/32)
Zidovudine Exposed K65R, K70E 0 (0/32)
Nevirapine Exposed Y181YC, K103KN, G190A 21.9(7/32)
Rilpivirine Unexposed M230ML 31.3 (10/32)
Etravirine Unexposed E138A, E138G, E138EA 25 (8/32)
Efavirenz Unexposed VooVI 6.3 (2/32)
Etravirine And Rilpivirine Unexposed E138A, E138G, E138EA 25 (8/32)
Nevirapine,Efavirenz,Rilpivirine Exposed to Nevirapine only VooVvI 3.1(1/32)
Nevirapine,Efavirenz Exposed to Nevirapine only Y188YC 3.1 (1/32)

Table 1: Frequency of mutations categorised according to the drugs
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Figure 1: Frequency of HIV Drug Resistance Associated Mutations

Discussion

The current study reports a combined NNRTI drug resistance
prevalence of 25%, a meta-analysis of 7 studies showed an NNRTI
drug resistance range of 37-67% and an average of 52.6% [31]. In
another study in the USA an NNRTI drug resistance prevalence of
23.8% among infants with a median age of 9.7 weeks was reported
[30]. The current study reports a lower prevalence of NNRTI drug
resistance compared to other African studies [38] and points to a
rational use of NNRTIs in developed countries or the use of alternative
protease inhibitor drugs.

NVP drug resistance was 21.9 (7/32) in this study, in the meta-
analysis by Arrive et al. the prevalence of NVP drug resistance was
35.7% [31]. This is similar to this study, and suggests a more careful
approach to NVP use in resource poor settings that do not have access
to alternative drugs. Worth noting is the absence of AZT drug
resistance in this cohort, paradoxically the mothers had greater
exposure to this drug compared to either NVP or 3TC ante-partum to
post-partum. A study including a bigger sample of infants exposed to
AZT ante-partum may best address this apparent lack of AZT
resistance. Absence of resistance to previously used AZT does not rule
out reservoirs of resistant virus that might emerge after re-initiation of
the drug. This may suggest that the AZT resistant variants were less
than 20% of the viral population and hence may not have been
detected.

E138A and Y181C mutations were the most common in our study
group, 37.5% (6/16) and 31.3% (5/16) respectively. E138A is a
polymorphic mutation that ranges in prevalence from 0.5% in subtype
B viruses to 5% in subtype C viruses [39]. We report here a relatively
high E138A mutation prevalence, which is weakly selected by ETR and
RPV. The EI138A mutation reduces ETR and RPV [39,40],
susceptibility about 2-fold. Y181C is a non-polymorphic mutation
selected in vitro by NVP, EFV, ETR and RPV [41-44]. The most
clinically significant mutation is the Y181C mutation as it highly
selected by NNRTTIs.

The study did not have information on whether the mothers had
taken or been exposed to ETV or RPV because it is not mentioned in
the database. It is reasonable to assume that during the option A era,
ETV and RPV were relatively new drugs on the market and their
distribution and use in low-income countries was not widely spread.

The ETV and RPV resistance could have been as a result of another
NNRTI use, NVP in this case. NVP over usage in that period were
single dose NVP before labour was tailed by NVP daily for six weeks
[29]. On the other hand the Y181C is a NVP resistance conferring
mutation and its high prevalence is justifiable yet not acceptable
during an option A era in a developing country. It will also be
worthwhile doing a similar study using specimens from the current
option B and B+ pMTCT programs as a way of HIV DR surveillance.

The total number of infants recruited into the EID program
between January 2010 and January 2011 was 1 356. The prevalence of
HIV infection as reported in this study was 2.4%, this complies with
the nations goal to reduce prevalence to less than 5%. In a study done
in Cameroon on the EID cohort the prevalence of HIV infections
among the 1423 infants included was 3.6%, comparable to this study
[45]. A study on EID in Botswana reported a 7% HIV prevalence
among 1931 infants recruited over 6months in 2005 [38], this high
proportion may be justified because the EID and pMTCT programs
were in their early days. HIV prevalence in most of the studies
reviewed was <5% except for Botswana (7%), this may be an effect of
the HIV prevalence in the adult population, 33.4% [38]. However, in a
South African study to determine the acceptability and feasibility of
universal HIV testing of infants attending immunization clinics to
achieve early diagnosis of HIV and referral for HIV treatment and care
services they reported an HIV prevalence of 9.2% [46].

Despite the revised 2010 WHO recommendations and the EID
program many infants still get vertically transmitted HIV.
Implementation of the EID program is not exactly complete in many
developing countries [47]. In the Zimbabwean setting the complete
EID process was complete for 80% (1356/ 1695) between January 2009
to January 2010. This was also true for Botswana were the EID process
was complete for 81% (753/930) of the infants [38]. In Cameroon
83.9% of the initial participants completed the EID process [48], and
in Tanzania it was 53%, 242 out of 441 initial participants enrolled [48]
and in South Africa 65% of the participants completed the process
[46].

Conclusion

The study shows an apparent NNRTI drug resistance
predominance and suggests a judicious use of NNRTI regimens and a
prudent strategy to minimize the selection of drug resistance
mutations. The authors recommend HIVDR surveillance in pregnant
mothers and infants in resource limited settings.
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