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Viral load suppression as a surrogate marker of treatment
success in patients on antiretroviral therapy in Namibia
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ABSTRACT
Aims: The study aimed to establish viral
load suppression in patients on different
antiretroviral regimens in Namibia. Methods:
This was a retrospective cross-sectional study
conducted at the Windhoek Central hospital
(WCH) antiretroviral therapy (ART) clinic from
2014–2015. The study population included 302
patients on different ART regimens during
the period of 2014–2015. Results: Out of these
patients 225 were females (74.5%) and 77 were
males (25.5%). The age range of the respondents
was 16–73 years old with a mean age of 34.6
years old. Most of the patients (93%) had good
adherence to treatment. The majority of the
patients (93.9%) on ART achieved viral load
suppression after six months, with 93.3% of the
patients maintaining suppression of the viral
load after 12 months. Most of the patients on
TDF/3TC/EFV (95.2%) suppressed viral load
after 12 months. The regimen associated with
the highest number of patients (n = 5) who failed
viral load was TDF/3TC/EFV. Conclusion: Viral
load suppression in Namibian patients was
better than results recorded in the United States
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INTRODUCTION
The human immunodeficiency virus (HIV) is a
virus which attacks the CD4 T-helper cells leading to
immunosuppression [1]. When the virus has managed
to suppress the host’s immune system to below 200
CD4 cells/µL, the patient is said to have acquired
immunodeficiency syndrome (AIDS). In order to move
towards the aim of ending the AIDS epidemic by 2030,
World Health Organization (WHO) has implemented
new guidelines whereby all patients who are HIV positive
are put on antiretroviral therapy (ART) [2, 3]. The 9090-90 target which is to be achieved by 2020 is a plan
which seeks to have 90% of the population knowing their
status, 90% of those that tested positive having access to
treatment and 90% of those on treatment having achieved
viral load suppression [4]. The aim of ART is to achieve
viral suppression. Viral load suppression is defined as two
viral load measurements below 1000 copies/ml within
3–6 months [5].
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According to United Nations programme on HIV/
AIDS (UNAIDS), an average of 36.9 million people were
infected with HIV in 2015, with 17 million of those on
ART [4]. In 2015, it was recorded that 2.1 million patients
were newly infected with 1.1 million AIDS-related deaths
worldwide [4]. The region with the highest HIV burden
is East and Southern Africa, with 52% of all patients who
live with HIV. West and central Africa encompass 17.7%
of the patients who live with HIV, followed by the Asia
and Pacific with 13.9%. Six point five percent of people
living with HIV live in western and central Europe and
North America. Latin America and the Caribbean’s make
up 5.4% of patients living with HIV [4]. Eastern Europe,
northern Africa, the Middle East make up the remaining
4.5% [4]
More HIV positive people live in middle to low income
countries, with the larger majority living in Africa [6].
Around 69% of all people living with HIV around the
world live in Africa [6].
In Africa, an estimated 25 million people are infected
with HIV, with 12 million of those receiving ART [7].
According to the WHO, 19 million of the infected people
live in Eastern and Southern Africa, with 10 million of
them receiving ART [4]. In Namibia, WHO reported that
and estimated 210, 000 people were infected with HIV,
with 3100 AIDS related deaths in 2015 [4]. In Namibia,
the prevalence of HIV infection has steadily decreased
from 22% in 2002 to 16.9% in 2014 [8]. In 2013–2014,
81% of patients over the age of 15 years old were on ART,
and 77.5% of those patients were still on ART after 12
months.

Antiretroviral therapy and drug
resistance
Incorrect use of antiretroviral therapy can lead to
drug resistance. However, the reduction in new infections
ranks priority over the development of drug resistance.
Antiretroviral resistance may arise due to failure to adhere
to treatment, genetic differences in drug metabolism and
prior drug resistance [9]. The side effects brought about
by treatment further decrease the chances of adherence
in patients [10]. In patients who adhere to their treatment
in more than 95% of the time, no ARV resistance is found
[10]. In patients who adhere to treatment less than
95% of the time, HIV resistance to ARVs is found [9].
Antiretroviral resistance is seen through genetic variation
including deletions, duplications and insertions of genes
[11].
Tenofovir is a nucleoside reverse transcriptase
inhibitor (NRTI) which is recommended for first-line
ART [5]. In studies done in, Europe, Latin and North
America, Asia and Sub-Saharan Africa, the area with the
highest prevalence of tenofovir (TDF) resistance (57%)
was Sub-Saharan Africa. Europe followed Sub-Saharan
Africa with 20% TDF resistance in patients who had
failure to suppress viral [12].
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The frequency of resistance was as high as 11.6% in
ARV-naive patients in Uganda [11]. Uganda introduced
ARVs early compared to other African countries such as
Kenya, Nigeria, South Africa, Zambia and Zimbabwe.
PharmAccess Africa discovered an annual increase in the
prevalence of ARV-resistance since the initiation of ARV;
in Southern Africa by 14%, 29% in East Africa and 3%
in West and Central Africa [11]. A study done in Gabon
showed that 41.3% of the patients had virological failure.
Out of the patients who had virological failure, 57.7% had
more than 1 drug-resistant mutation [13].
In order to reach viral load suppression patients
should be adherent to their treatment ≥95% of the time
[9]. In a study done to compare failure to suppress viral
load with adherence, patients who were ≥95% adherent
to treatment only 22% had treatment failure. In patients
who were only adherent to treatment 90–94.9% of
the time, treatment failure was reported at 55% and
in patients who adhered to treatment 80–89% of the
time, 67% had treatment failure [9]. This shows a direct
relationship between poor adherence and failure to
suppress viral load. Adherence to medication is affected
by; adverse effects of the ARTs, complex dosing regimens
and dietary restrictions especially in third world
countries. In addition, the following factors concerning
health care facilities also play a role; long distances to
the ART clinics, long waiting times at the clinics, costs
and stigma from health workers and the community
[14]. It should, however, be noted that poor adherence
is not the only determinant for treatment failure. Other
factors include malabsorption, drug metabolism, very
low baseline CD4 counts, prior drug resistance, and
concurrent opportunistic infections [8, 9].

Antiretroviral monitoring
Adherence monitoring is done through self-report of
pill count. This is entered into the patient’s file and health
passport [8]. This is a validated method to measure
adherence [9]. However, this may not be accurate
because of recall bias and patients might not report poor
adherence out of fear of victimization or judgment by
health workers. An alternative method of monitoring
adherence is through testing hair concentrations [15].
A study done in China showed that this method was a
good measure of adherence. However, it is not feasible
in an African setting [16]. Furthermore, this method
is expensive and time consuming, which makes selfreport of pill count the best method of measurement of
adherence.
Antiretroviral therapy is monitored using three
main methods clinical, immunological and virological
monitoring. Clinical monitoring involves classifying the
stage of disease according to the symptoms the patient
presents with, the infections increase with severity as the
disease progresses. Clinical stage one is the primary stage
of infection, patients may be symptomatic or present
with flu-like symptoms a few weeks after infection [17].
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Clinical stage 2 presents with moderate unexplained
weight loss of less than 10% of total body weight, recurrent
upper respiratory infections, oral ulcers and fungal nail
infections. Clinical stage 3 involves unexplained weight
loss of more than 10% of total body weight, unexplained
fever and unexplained chronic diarrhea lasting more
than a month. Clinical stage 4 is the last clinical stage.
Symptoms include, HIV wasting syndrome, pneumocystis
pneumonia, recurrent severe bacterial pneumonia,
Kaposi’s sarcoma, invasive cervical cancer, chronic
isosporiasis and central nervous system toxoplasmosis
[17]. Clinical failure is characterized through a new or
recurrent clinical event which indicates a failing immune
system after six months of treatment success [5].
Immunological monitoring involves monitoring
treatment through CD4 count measurements. If the CD4
count is maintained or increases the treatment is presumed
successful. Immunological failure is characterized by a
CD4 count below 250 cells/µL or persistent measures
of 100 cells/µL [5]. Some countries in the Asia Pacific
region rely on clinical and immunological monitoring to
determine treatment failure [18]. This is not an accurate
measure and leads to the development of drug resistant
mutations as virological failure is not ascertained soon
enough.
Virological failure is characterized as two consecutive
measures of HIV viral load above 1000 copies/ml within
3–6 months, supposing adherence counseling followed
the first measurement [5]. The treatment failure of
South Africa where viral load is monitored routinely was
compared to Malawi and Zambia where immunological
monitoring is done routinely. The frequencies of
prolonged treatment failure in Malawi and Zambia
were 3.7% and 3.6–3.9% respectively. This was higher
in comparison to South Africa where the frequency was
1.3% [17].
Viral load monitoring is important as CD4 cell
count is not sufficient in measuring treatment success.
If treatment success cannot be ascertained early, the
patient remains on the treatment which leads to extensive
NRTI cross-resistance [19]. Measurement of treatment
success through viral load measurement also prevents
unnecessary switches to second-line treatment. Secondline treatment is more expensive, and once resistance is
formed against second-line treatment, treatment options
are limited for the patient [19].
Drug resistance in Africa is largely due to the lack of
viral load monitoring, treatment interruptions due to
stock delays, drug interactions and inferior antiretroviral
regimens [11]. With monitoring of ARV success,
treatment failure can be picked up soon and the patient
placed on an alternative ARV regimen. Through regular
viral load monitoring the adherence to treatment can also
be ensured [11]. The new ARV guidelines stating that a
patient should go on treatment as soon as possible after
diagnosis increase the chances of drug resistant mutations
as seen in a study done in Africa [11]. The large rate of
replication of HIV along with the lack of exonuclease
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proof-reading activity makes HIV highly susceptible to
mutations. These mutations cause resistance to the ARV
drugs. In the USA and Europe, patients are tested for
genotypic drug resistance in order to select the correct
treatment regimen. This, however, is not possible in third
world countries such as Namibia due to the high cost
surrounding such tests [20]. Combination treatments
are given to patients in order to prevent resistance and
reduce viral replication [21].
Formation of drug resistance is dependent on factors
such as the relative fitness of the HIV variants and
interactions of the mutations creating cross-resistance,
the genetic barrier to resistance and ART half-lives [15].
In patients who had treatment failure 56.7% had at least
one drug resistance mutation in semirural Gabon [13].
Thymidine analogue mutations (TAMs) are formed as
a result of continued use of the ART after prolonged
virological failure. AZT and NVP are at higher risk
of TAMs than EFV which would explain why WHO
recommends EFV over NVP as a first line NNRTI [3, 15].
The duration of virological failure increases the number
of mutations formed. However, mutations against
TDF/(3TC or FTC)/(EFV or NVP) are predictable. The
mutations would lead to NVP or EFV resistance, 3TC/
FTC resistance and in prolonged virological failure it
would lead to TDF resistance [15]. A study in Gabon
showed that 37.6% of patients who had virological failure
had dual-class resistance to NRTIs and NNRTIs [13].
A global study showed that 3TC and FTC had
decreased genetic resistance barrier due to the fact
that changes in only one amino acid is required for
drug resistance to follow [12]. LPV/r is a good PI for a
second-line treatment, because it is effective regardless
of existing NRTI mutations. This could be due to a high
genetic barrier to resistance of the drug [15].
Resistance to first-line NNRTIs can be acquired
through previous use of prevention of mother-to-child
transmission (PMTCT) [11]. The chances of treatment
failure and the acquisition of drug resistance is increased
against NNRTIs when the mother has used PMTCT [11].
Resistance has been reported in 60% of infants under
six months whose mothers were on PMTCT that failed
[11]. Children who take two or three drugs ART regimen
report less than 12% drug resistance. Ritonavir (protease
inhibitor) boosted regimens show more promising results
than the previously used lopinavir-boosted regimens, but
lack practicality as the ritonavir-boosted regimens have
poor palatability, inconvenient formulation and require
cold-chain [8].

MATERIALS AND METHODS
Research study design
This was a retrospective study carried out in order to
assess the frequency of treatment failure in patients who
were on ART at the Windhoek Central hospital (WCH)
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antiretroviral therapy (ART) clinic from 2014–2015.
Convenience sampling was used to select data for this
study. The study was conducted at the Windhoek Central
Hospital ART clinic with 4558 patients enrolled in the
clinic and 3532 patients taking ART. The study population
included 302 patients on different ART regimens during
the period of 2014–2015. The patients included in the
study were older than 15 years.

Inclusion and exclusion criteria
Inclusion criteria was all patients who had files kept
at the Windhoek Central Hospital ART clinic, and started
treatment 2014–2015. Exclusion criteria were all patients
below the age of 15-year-old, patients who had not started
on ART, files in which the ART regimen was not recorded,
and patients without viral load measurements.

Data collection procedure and analysis
Data was collected from patient records kept at the
Windhoek Central Hospital ART clinic. Information
obtained included adherence, CD4 count, viral load, ART
regimen, age, pregnancy status, gender and age. This
information was collected on spreadsheets. Data was
analyzed using the Statistical Package of Social Sciences
(SPSS) version 23, and descriptive statistics were used
and presented in tables.

Ethical considerations
Permission to carry out the research was obtained
from MOHSS, Namibia University of Science and
Technology (NUST) research committees and WCH ART
clinic. Patient names were not used in this study.

RESULTS
The study population consisted of 302 patients who
were registered to receive their ART at the Windhoek
Central Hospital ART clinic. Out of these patients 225 were
females (74.5%) and 77 were males (25.5%). A total of 132
(58.7%) of the females started treatment while they were
pregnant or became pregnant during the study period.
The age range of the subjects was 16–73 years old with a
mean age of 34.6 years old. The range of the baseline CD4
cell count was 5–1546 cells/µL with a mean of 303 cells/
µL. The range of the CD4 count after 12 months was 112–
987 cells/µL with a mean of 421 cells/µL. The range of
the baseline viral load was from 28.6–688 869.5 copies/
ml and the mean viral load was 41 553.3 copies/ml. Most
of the patients (93%) had good adherence to treatment.
Table 1 gives the frequency distribution of CD4 count at
baseline and 12 months after treatment initiation. Most
of the patients started ART with a CD4 cell count of >200
to ≤350 cells/µL. Eighty-nine percent of the patients had
a CD4 cell count ≤500 cells/µL. After 12 months all the
patients had CD4 cell counts >100 cells/µL. The majority
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of the patients had a CD4 cell count of >350 to ≤500 cells/
µL 12 months after treatment initiation. Table 2 presents
the frequency distribution of viral load at six months and
12 months after treatment initiation. The majority of the
patients (93.9%) on ART achieved viral load suppression
after six months, with 93.3% of the patients maintaining
suppression of the viral load after 12 months.
The frequency distribution of viral load at 6 months
after treatment initiation in comparison to the different
ART regimens is given in Table 3. All the patients that
were on TDF/FTC/EFV had their viral loads suppressed
after six months, in addition 76% of these patients had
viral load suppression below <20 copies/ml. Ninety-four
percent of the patients on TDF/3TC/EFV had viral load
suppression after six months. TDF/3TC/EFV had the
highest number of patients (n = 9) who failed to suppress
viral load. Table 4 gives the frequency distribution of
viral load after 12 months from initiation of treatment in
comparison to the different ART regimens. Most of the
patient on TDF/3TC/EFV (95.2%) suppressed viral load
after 12 months. The regimen associated with the highest
number of patients (n = 5) who had failure to suppress
viral load was TDF/3TC/EFV.

DISCUSSION
In order to achieve viral load suppression, good
adherence, defined as adhering to treatment ≥95% of the
time, is important [8]. The benefits of good adherence
further spread to the reduction in transmission of HIV
in patients who have achieved viral load suppression and
the formation of drug resistant mutations is significantly
decreased [22]. In this study, it was found that the
majority (93.4%) of the patients on ART had good
adherence to treatment. This is very good in comparison
to a study done in Lao Peoples’s Democratic Republic in
which only 59.5% of the patients on ART were adherent
to treatment [22].
In Table 1, the majority of patients (33.5%) had a
baseline CD4 cell count between 200 and 350 cells/µL.
A study done in China showed a median baseline CD4
count of 294 cells/μl. This is within the range of 200–
350 cells/μl as seen in this current study [23]. A study
done in Ethiopia showed that 64.4% of the patients in the
study had baseline CD4 cell counts less than 200 cells/µL
[24]. However, it should be noted that in this study ART
was initiated with a CD4 cell count below 350 cells/µL as
opposed to 500 cells/µL. After 12 months from initiation
of ART none of the patients had CD4 cell counts below
100 cells/µL and most of the patients (31.3%) had CD4
cell counts between 350 and 500 cells/µL. In a study
done in Ethiopia, the median CD4 cell count after 12
months was 300 cells/µL [24]. The difference could be
attributed to the fact that in Ethiopia the CD4 cell count
for starting ART was much lower than the current study.
A study done in Nigeria showed a CD4 count of 170 cells/
µl after 12 months, the low CD4 count compared to this
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Table 1: Frequency distribution of CD4 count at baseline and 12 months after treatment initiation
(CD4 cells/µl)

Baseline
Frequency (%)

At 12 months

Cumulative
Frequency (%)

Frequency (%)

Cumulative
Frequency (%)

≤100

26 (13.6)

13.6

0 (0.0)

0

>100 +≤200

39 (20.4)

34.0

10 (16.4)

16.4

>200 +≤350

64 (33.5)

67.5

15 (24.6)

41.0

>350 +≤500

40 (20.9)

88.5

19 (31.1)

72.1

>500

22 (11.5)

100.0

17 (27.9)

100.0

Total

191 (100.0)

61 (100.0)

Table 2: Frequency distribution of viral load at 6th month and 12th month after treatment initiation
(Viral copies/ml)

At 6th month

At 12th month

Frequency (%)

Cumulative
Percentage

Frequency (%)

Cumulative Percentage

≤20

154 (62.3)

62.3

122 (75.2)

75.2

>20 + ≤1000

78 (31.6)

93.9

27 (18.1)

93.3

15 (6.1)

100.0

10 (6.7)

100.0

>1000
Total

247 (100.0)

149 (100.0)

Table 3: Frequency distribution of viral load at 6th month after treatment initiation in comparison to the different ART regimens
ART Regimen

Viral load (copies/ml) at 6th month
≤20
Frequency (%)

>20 to ≤1000
Frequency (%)

>1000
Frequency (%)

TDF/3TC/EFV

111 (72.1)

51 (65.4)

9 (60.0)

TDF/FTC/EFV

19 (12.3)

6 (7.7)

0 (0.0)

TDF/3TC/NVP

18 (11.7)

16 (20.5)

4 (26.7)

AZT/3TC/EFV

0 (0)

1 (1.3)

0 (0.0)

ABC/3TC/EFV

1 (0.6)

1 (1.3)

1 (6.7)

AZT/3TC/NVP

2 (1.3)

1 (1.3)

0 (0.0)

AZT/3TC/TDF/LPV/r
Total

3 (1.9)

2 (2.6)

1 (6.7)

154 (100.0)

78 (100.0)

15 (100.0)

Table 4: Frequency distribution of viral load at 12th month from initiation of treatment in comparison to the different ART regimens
ART Regimen

Viral load (copies/ml) at 12 month
≤20
Frequency (%)

>20 to ≤1000
Frequency (%)

>1000
Frequency (%)

TDF/3TC/EFV

81 (72.3)

19 (70.4)

5 (50.0)

TDF/FTC/EFV

4(3.6)

3(11.1)

1(10.0)

TDF/3TC/NVP

18(16.1)

3(11.1)

3(30.0)

ABC/3TC/EFV

3(2.7)

0(0.0)

0(0.0)

AZT/3TC/NVP

3(2.7)

0(0.0)

0(0.0)

AZT/3TC/TDF/LPV/r

3(2.7)

2(7.4)

1(10.0)

112 (100.0)

27 (100.0)

10 (100.0)

Total
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study could be due to the fact that adherence was lower
(78.6%) than this study [25].
The range of the baseline viral load was from 28.6
to 688, 869.5 copies/ml and the mean viral load was 41
553.3 copies/ml, however this was only out of 21 patients.
In Table 2, the frequency of patients that had viral load
suppression after six months, according to the WHO
guidelines (2015), was 93.9% and after 12 months it was
93.3%. This is higher in comparison to a study done in
the United States where only 77% viral load suppression
according to the WHO guidelines was reported [26]. A
study in Nigeria showed viral load suppression of 90%,
which is lower than this study [27]. Another study done in
Botswana showed viral load suppression of 70.2% [28].
The aim of the MOHSS, Namibia was to suppress viral
load to <20 copies/ml [8]. The frequency of viral load
suppression to below 20 copies/ml was 62.3% after six
months and 75.2% after 12 months. In 18 countries in
Sub-Saharan Africa, a study showed that 78% of patients
had viral load suppression after six months, and 76% had
viral load suppression after 12 months [29]. This is lower
than noted in this current study. This current study could
have higher viral load suppression due to high adherence.
The treatment with the highest frequency of treatment
failure (n = 9) was TDF/3TC/EFV. The treatment regimen
with the second highest frequency (n = 4) of treatment
failure was TDF/3TC/NVP. TDF/FTC/EFV, AZT/3TC/
EFV and AZT/3TC/NVP showed no treatment failure. It
should, however, be noted that the majority of the patients
(69.2%) on treatment in this study were on TDF/3TC/
EFV. This was followed by patients on TDF/3TC/NVP,
who made up 15.4% of the sampled population at six
months after initiation of treatment as given in Table 3.
Patients on TDF/FTC/EFV made up 10.1% of the sampled
population and no virological failure was observed in this
treatment regimen.
The ART regimen most commonly associated with
failure to suppress viral load after 12 months was
TDF/3TC/EFV (50%). Thirty percent of patients with
virological failure after 12 months were taking TDF/3TC/
NVP. TDF/FTC/EFV and AZT/3TC/TDF/LPV/r each
made up 10% of the patients who experiences virological
failure. In a study done in Cambodia, most of the
patients (89%) on LPV/r based second line regimens had
virological suppression after 12 months [18]. ABC/3TC/
EFV and AZT/3TC/NVP had no virological failure.

Mouton et al.

6

ABBREVIATIONS
AIDS
Acquired Immunodeficiency syndrome
ART
Antiretroviral Therapy
AZT
Zidovudine
EFV
Efavirenz
FTC
Emtricitabine
HIV
Human Immunodeficiency Virus
MoHSS
Ministry of Health and Social Services
NNRTI	Non-Nucleoside Reverse Transcriptase
Inhibitor
NRTI	Nucleoside Reverse Transcriptase
Inhibitor
NUST	Namibia University of Science and
Technology
NVP
Nevirapine
PMTCT	Prevention of Mother-to-Child
Transmission
SPSS
Statistical Package of Social Sciences
TAM
Thymidine Analogue Mutations
TDF
Tenofovir
UN
United Nations
USA
United States of America
WCH
Windhoek Central hospital
WHO
World Health Organisation
3TC
Lamivudine

*********
Acknowledgements

We would like to acknowledge Windhoek Central Hospital
for their assistance in the research.

Author Contributions

Daniella C. Mouton – Substantial contributions to
conception and design, Acquisition of data, Analysis and
interpretation of data, Drafting the article, Final approval
of the version to be published
Martin Gonzo – Substantial contributions to conception
and design, Revising it critically for important intellectual
content, Final approval of the version to be published
Munyaradzi Mukesi – Substantial contributions to
conception and design, Analysis and interpretation
of data, Drafting the article, Revising it critically for
important intellectual content, Final approval of the
version to be published

Guarantor

CONCLUSION

The corresponding author is the guarantor of submission.

The antiretroviral therapy regimen most commonly
associated with failure to suppress viral load is TDF/3TC/
EFV, followed by TDF/3TC/NVP. After 12 months
TDF/3TC/EFV was still most commonly associated
with failure to suppress viral load. This is followed by
TDF/3TC/NVP. Most of the patients suppressed viral
load six months after initiation of treatment. This was
higher compared to other African countries and the USA.

Conflict of Interest

Authors declare no conflict of interest.

Copyright

© 2017 Daniella C. Mouton et al. This article is distributed
under the terms of Creative Commons Attribution
License which permits unrestricted use, distribution
and reproduction in any medium provided the original

Edorium Journal of Biomedical Science, Vol. 2, 2017.

Edorium J Biomed Sci 2017;2:1–8.
www.edoriumjournalofbiomedicalscience.com

author(s) and original publisher are properly credited.
Please see the copyright policy on the journal website for
more information.

Mouton et al.

16.

17.

REFERENCES
1.
2.

3.
4.
5.

6.

7.
8.
9.

10.

11.

12.

13.

14.
15.

Winn W, Allen S, Janda W, et al. Koneman’s Colour
Atlas and Textbook of Diagnostic Microbiology, 6ed.
Philadelphia: Lippincott Williams & Wilkins; 2006.
HIV Classification: CDC and WHO Staging Systems.
AETC National Coordinating Resource Center.
2014. [Available at: http://aidsetc.org/guide/hivclassification-cdc-and-who-staging-systems]
HIV/AIDS Treatment and care. World Health
Organization. 2015. [Available at: http://www.who.
int/hiv/topics/treatment/en/]
http://www.unaids.org/en/regionscountries/
countries/namibia
HIV treatment and care: What’s new in HIV
treatment. World Health Organization. 2015.
[Available at: http://apps.who.int/iris/bitstream
/10665/204347/1/WHO_HIV_2015.44_eng.
pdf?ua=1]
WHO report in partnership with UNICEF and
UNAIDS. Global update on HIV treatment 2013:
Results, impact and opportunities. [Available at:
http://www.unaids.org/sites/default/files/sub_
landing/files/20130630_treatment_report_en_3.
pdf]
http://www.who.int/entity/hiv/mediacentre/news/
incidence-oi-impact-art-news/en/index.html
http://www.unaids.org/sites/default/files/country/
documents/NAM_narrative_report_2015.pdf
Machtinger E, Bangsberg D. Adherence to HIV
antiretroviral therapy. University of California, San
Francisco. 2006. [Available at: http://hivinsite.ucsf.
edu/InSite?page=kb-03-02-09]
Shafer RW. The challenge of antiretroviral drug
resistance in HIV-1-infected children. [Article in
English, Portuguese]. J Pediatr (Rio J) 2009 Mar–
Apr;85(2):91–4.
Hamers RL, Sigaloff KC, Kityo C, Mugyenyi P, de Wit
TF. Emerging HIV-1 drug resistance after roll-out of
antiretroviral therapy in Sub-Saharan Africa. Curr
Opin HIV AIDS 2013 Jan;8(1):19–26.
The TenoRes study group. Global epidemiology of
drug resistance after failure of WHO recommended
first-line regimens for adult HIV-1 infection: A
multicentre retrospective cohort study. Lancet Infect
Dis 2016 May;16(5):565–75.
Liégeois F, Vella C, Eymard-Duvernay S, et al.
Virological failure rates and HIV-1 drug resistance
patterns in patients on first-line antiretroviral
treatment in semirural and rural Gabon. J Int AIDS
Soc 2012 Nov 28;15(2):17985.
http://www.who.int/hiv/pub/guidelines/
earlyrelease-arv/en/
van Zyl GU, Frenkel LM, Chung MH, Preiser W,
Mellors JW, Nachega JB. Emerging antiretroviral drug
resistance in Sub-Saharan Africa: Novel affordable
technologies are needed to provide resistance testing
for individual and public health benefits. AIDS 2014
Nov 28;28(18):2643–8.

18.

19.

20.

21.
22.

23.
24.

25.

26.

27.

28.

29.

7

Yan J, Liu J, Su B, et al. Lamivudine concentration
in hair and prediction of virologic failure and drug
resistance among HIV patients receiving free ART in
China. PLoS One 2016 Apr 27;11(4):e0154421.
Keiser O, Chi BH, Gsponer T, et al. Outcomes of
antiretroviral treatment in programmes with and
without routine viral load monitoring in Southern
Africa. AIDS 2011 Sep 10;25(14):1761–9.
Srikantiah P, Ghidinelli M, Bachani D, et al. Scale-up
of national antiretroviral therapy programs: Progress
and challenges in the Asia Pacific region. AIDS 2010
Sep;24 Suppl 3:S62–71.
Sigaloff KC, Hamers RL, Wallis CL, et al. Unnecessary
antiretroviral treatment switches and accumulation
of HIV resistance mutations: Two arguments for viral
load monitoring in Africa. J Acquir Immune Defic
Syndr 2011 Sep 1;58(1):23–31.
Gulick H, Hirsch M, Lane C. Guidelines for the use
of antiretroviral agents in HIV-1-infected adults and
adolescents. AIDSinfo: Offering information on HIV/
AIDS treatment, prevention and research. 2016.
[Available at: https://aidsinfo.nih.gov/guidelines/
html/1/adult-and-adolescent-arv-guidelines/20/
acute-and-recent--early--hiv-infection]
Coffin JM, Hughes SH, Varmus HE. Retroviruses.
New York: Cold Spring Harbour Laboratory Press;
1997.
Hansana V, Sanchaisuriya P, Durham J, et al.
Adherence to antiretroviral therapy (ART) among
people living with HIV (PLHIV): A cross-sectional
survey to measure in Lao PDR. BMC Public Health
2013 Jun 28;13:617.
Tang H, Mao Y, Shi CX, et al. Baseline CD4 cell counts
of newly diagnosed HIV cases in China: 2006–2012.
PLoS One 2014 Jun 5;9(6):e96098.
Asfaw A, Ali D, Eticha T, Alemayehu A, Alemayehu
M, Kindeya F. CD4 cell count trends after
commencement of antiretroviral therapy among
HIV-infected patients in Tigray, Northern Ethiopia:
A retrospective cross-sectional study. PLoS One 2015
Mar 27;10(3):e0122583.
Ohene SA, Addo NA, Zigah F, et al. Evaluation of
antiretroviral therapy (ART) provision in an early
cohort of patients initiating ART in Ghana. Pan Afr
Med J 2013 Nov 26;16:117.
Centers for Disease Control and Prevention (CDC).
Vital signs: HIV prevention through care and
treatment–United States. MMWR Morb Mortal Wkly
Rep 2011 Dec 2;60(47):1618–23.
Ugbena R, Aberle-Grasse J, Diallo K, et al. Virological
response and HIV drug resistance 12 months after
antiretroviral therapy initiation at 2 clinics in Nigeria.
Clin Infect Dis 2012 May;54 Suppl 4:S375–80.
Gaolathe T, Wirth KE, Holme MP, et al. Botswana’s
progress toward achieving the 2020 UNAIDS 90-9090 antiretroviral therapy and virological suppression
goals: A population-based survey. Lancet HIV 2016
May;3(5):e221–30.
Barth RE, van der Loeff MF, Schuurman R,
Hoepelman AI, Wensing AM. Virological follow-up of
adult patients in antiretroviral treatment programmes
in Sub-Saharan Africa: A systematic review. Lancet
Infect Dis 2010 Mar;10(3):155–66.

Edorium Journal of Biomedical Science, Vol. 2, 2017.

Edorium J Biomed Sci 2017;2:1–8.
www.edoriumjournalofbiomedicalscience.com

Access full text article on
other devices

Mouton et al.

Access PDF of article on
other devices

Edorium Journal of Biomedical Science, Vol. 2, 2017.

8

