
Background: The World Health Organization (WHO) HIV

drug resistance (HIVDR) threshold survey method was

developed for surveillance of transmitted HIVDR in

resource-limited countries. The method is being imple-

mented with minimal resources as a routine public

health activity to produce comparable results in multiple

countries and areas within countries. Transmitted drug

resistant HIV strains will be seen first in cities or health

districts where antiretroviral treatment (ART) has been

widely available for years.  WHO recommends countries

begin surveillance in these areas.

Methods: Each survey requires ≤47 specimens from

individuals consecutively diagnosed with HIV to categorize

resistance to each relevant drug class as <5%, 5–15% or

>15%. Use of routinely collected information and

remnant specimens is recommended to minimize costs.

Site and individual eligibility criteria are designed to

minimize inclusion of ARV-experienced individuals and

individuals infected before ART was available.

Results: Surveys have been implemented in 21 

countries. In this supplement, seven countries report

results of <5% transmitted HIVDR in areas where ART

has been available for the longest time period. The

main challenges in implementation are acquiring suffi-

cient numbers of eligible specimens and optimizing

specimen handling.

Conclusion: The WHO HIVDR threshold survey method is

feasible in resource-limited countries and produces

information relevant to ART and drug resistance

prevention planning.
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Antiretroviral treatment (ART) programmes are being
scaled up rapidly in resource-limited countries [1].
Rapid or uncontrolled emergence of HIV drug resis-
tance (HIVDR) has been widely feared as a potential
consequence of ART scale-up [2,3]; widespread trans-
mission of drug-resistant HIV could jeopardize ART
expansion efforts.

The extent to which resistant HIV will be trans-
mitted depends on many factors, but one of the most
important is ART use, that is, ART coverage in an
area, how long it has been used, and the proportion
and numbers of ART patients whose regimens are
failing [4–6]. In most resource-limited countries,
15–20% of HIV-infected individuals are estimated to
be in need of ART [1], but only 28% of those in need
were receiving ART as of December 2006; in 2003, the
figure was only 2% [1]. Mathematical models suggest
that until ART coverage has been widespread for years,
<5% of new HIV infections will consist of transmitted
drug-resistant strains and additional conditions will
affect the extent to which higher levels are reached

[4–11]. These additional conditions include the
percentage of failures with drug-resistant strains, the
amount of time patients remain on failing regimens
with replicating drug-resistant HIV, the magnitude of
viral rebound for patients with drug-resistant strains,
the fitness of resistant strains versus wild-type strains
and transmission probability per partnership for
patients with viral rebound and resistant strains
compared with untreated individuals.

Initial fears of widespread ART failure, leading to a
high potential for transmission of drug-resistant HIV,
have not been borne out. Thus far, even in countries
with very limited resources, ART programmes have
demonstrated outcomes equal to those seen in clinical
cohorts using similar regimens in high-income coun-
tries [12–16]. It will be challenging for many countries
to maintain optimal outcomes in new ART sites as
ART is expanded rapidly to approach universal
access. However, because the most ART patients in
resource-limited countries are starting on highly
potent regimens [17], transmission of drug-resistant
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strains on a population basis may be delayed
compared with high-income countries, where ART
scale-up began with resistance-associated
monotherapy and one-class dual therapy [18].

Regardless of regimen potency, some ART
programme elements could lead to increased emergence
and transmission of resistant strains. In the absence of
viral load testing, patients are likely to be maintained
on failing regimens with replication of drug-resistant
strains for longer periods than in high-income countries
[19,20]. Limited availability of second-line regimens
[21,22] may also lead to prolonged periods on failing
first-line regimens. Quantifying the contributions of
these phenomena to transmission of drug-resistant HIV
will require additional research. Residual drug activity
causing partial viral suppression is generally seen with
a regimen to which resistance has developed [23–25],
which can lower the relative risk of transmission
[26–28] and resistant viruses may be less fit and thus
less transmissible [23,29–31]. Behavioural prevention
programmes being scaled-up in resource-limited coun-
tries may also affect transmission rates. ‘Prevention for
positives’ programmes for ART patients have demon-
strated reduction in risk behaviours, lowering the risk
for HIV transmission [32–36], including transmission
of resistant strains.

Regular population-based assessment of transmission
of drug-resistant strains is important to assure
continued efficacy of the limited ARV regimens in use in
resource-limited countries. The World Health
Organization (WHO) in collaboration with
HIVResNet, a global network of over 50 clinical, labo-
ratory, epidemiology and research experts and
organizations, supports an HIVDR prevention and
assessment strategy to be implemented by National
HIVDR Working Groups in countries scaling up ART
[37]. Members of the HIVResNet Epidemiology and
Clinical Working Groups have met twice yearly since
2003 to advise the WHO on aspects of strategy devel-
opment and implementation. This article describes the
development of methods for the surveillance of trans-
mitted drug-resistant HIV and issues arising during
their initial implementation. A companion article
describes the statistical background to the survey
methodology [38].

Development of the method

Criteria and rationale

The working groups recommended that the method be
developed to meet the criteria specified in Box 1. 

Issues considered in development of the methods

It was recognized that compromises would have to be
made in the development of survey methods to meet

the criteria. Neither data nor specimens routinely
collected in most HIV diagnostic sites in resource-
limited countries are ideal for HIVDR surveillance.
Specification of eligibility criteria represents a partic-
ular challenge because of the paucity of information
collected in a standardized format at HIV diagnosis.
Another challenge is achieving a sufficiently large
sample of relatively recently infected individuals,
because few individuals are diagnosed in resource-
limited countries until their HIV has progressed to the
point of severe disease and ART eligibility [43,44],
which is equivalent to 10–12 years post-infection
[45–47]. Keeping costs low represents a third chal-
lenge, not only because of the high cost of genotyping,
but because even minimal changes in routine specimen
handling can add substantially to the resources
required where infrastructure is limited.

We began the methodology development with the
idea of incorporating HIVDR surveillance into HIV
Sentinel Serosurveys, which are routinely implemented
in resource-limited countries to contribute to HIV
prevalence estimates [48]. The surveys take place in
specified cities and health planning areas of Asian and
African countries using standardized low-cost proce-
dures for data and specimen collection. They are
implemented every 1–2 years, most frequently in ante-
natal clinics (ANC), but also in sexually transmitted
infection (STI) clinics and, in countries where HIV
prevalence estimates are required for specific subgroups
such as injecting drug users (IDU), in sites providing
services to specific subgroups. Between 200–1,200 spec-
imens from each area are collected for HIV testing
during eligible individuals’ first visit to participating
sites during a specified time period. Generally residual
specimens collected for another purpose are used: in
ANC, these are remnant specimens collected for syphilis
testing. A minimum amount of demographic data are
collected in a standardized format – age and, for preg-
nant women, the number of previous pregnancies, are
among the data items collected.

The simplicity of the surveys, their focus on specific
geographic areas in each country and their incorpora-
tion into routine clinical and diagnostic activities made
them potentially a useful source for HIVDR surveil-
lance specimens. The age and parity data items support
the restriction of HIVDR survey eligibility to individ-
uals <25 years old and to women never previously
pregnant. Both criteria potentially limit the number of
years of potential exposure to HIV transmission, and
the ‘no previous pregnancy’ criterion can also restrict
the HIVDR survey sample to women who have not
received ARVs for prevention of mother-to-child trans-
mission (PMTCT). However, all resource-limited
countries do not perform these surveys and, in coun-
tries where HIV prevalence is low, serosurvey specimen
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numbers were likely to be insufficient. Our methodology
had to be designed to take advantage of HIV sentinel
serosurveys where possible, but allow collection of spec-
imens from other sources.

Development of the HIV drug resistance threshold
survey concept

With experienced statisticians, we reviewed small area
survey techniques used in resource-limited countries to
evaluate the prevalence of other health conditions.
Binomial sequential sampling, of which the most
common example is ‘lot quality assurance sampling’
(LQAS) [49,50], was selected as likely to meet our needs.
LQAS methods are used to evaluate health conditions
where prevalences may vary substantially from one
geographic area to another within a country and where
collection of large samples is problematic. Each survey
samples a small number of eligible individuals consecu-
tively encountered in specified sites within an area during
a limited time period. Rather than providing a prevalence
estimate with confidence intervals, which requires a

larger sample, the surveys support categorization of
prevalence as above or below one or more thresholds
selected to guide public health actions.

Available sample numbers

The maximum number of eligible specimens specified
for the development of the HIVDR surveillance statis-
tical sampling strategy was 50, based on reports from
HIV serosurveys and voluntary counselling and testing
site (VCT) data from resource-limited African and
Asian countries. We found that generally no more than
50 individuals <25 years of age, without previous preg-
nancies if female, and (where information was
available) ineligible for ART, were likely to be diag-
nosed with HIV in available capital city sites within
3–6 months, even in areas of high HIV prevalence.

Selection of thresholds

Thresholds for transmitted resistance were selected
after review of published surveys of transmitted resis-
tance and consultation with HIV clinicians within the
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Surveillance of transmitted HIV drug resistance

• Standard procedures should be specified so that results will be comparable from country to country and over time

Studies to estimate prevalence of transmitted resistance are common, but a standard methodology is not used that would support

comparisons from study to study or calculations of trends. Reviewing limitations of studies in high-income countries, Pillay [8] noted the

non-comparability of results, based on differing sampling strategies, prevalence estimates from small surveys without confidence intervals

around the estimates, varying laboratory methods and different lists of resistance mutations to define ‘resistance’.

• The survey methods should be simple and require minimal resources

Resources are still insufficient in most developing countries to provide HIV care and treatment (including basic laboratory tests) to all who

need it and to support HIV prevention. Surveillance costs should be minimized. Elaborate requirements for data collection, specimen

handling and testing cannot be supported if surveys are to be performed regularly. In keeping with general principles of public health

surveillance [39], surveys should if possible use data and residual material from specimens already being collected during routine clinical or

surveillance operations.

• Surveys should focus on small geographic areas 

The extent of ART scale-up, and the duration of time ART has been available, differs widely between different cities and health planning

areas in most resource-limited countries [1].  Especially while ART scale-up is ongoing, resistance transmission will vary geographically.

• The method should maximize the likelihood that participants will have been infected with HIV within the past 3 years and limit the

likelihood of previous ARV exposure

In 2003, <5% of eligible individuals were receiving ART in developing countries [40]. The fact that resistance mutations in transmitted

strains persist for many years, used as a justification for surveillance of transmitted resistance in chronically infected individuals in high-

income countries [41], is not relevant in areas where ART has been available for very few years.  Significant transmission is unlikely to have

occurred before ART scale-up. 

• The required sample size should be small

The sample size must be minimized to keep costs low and to facilitate surveys in multiple areas of a country, but must be sufficiently large

to produce meaningful results.

• Specimen collection and handling procedures must be feasible in areas with minimal laboratory resources

However, procedures must be sufficiently stringent to facilitate amplification and sequencing.

• Definition of transmitted resistance should be based on a list of resistance mutations developed and regularly updated as new data

become available

An analysis was done according to principles developed by a working group [17,42]. The group recommended that mutations to evaluate

transmitted resistance be associated with treatment with one or more drugs in the drug classes recommended for and known to be used in

resource-limited countries where ART scale-up is taking place. The list was also required to be applicable to all HIV-1 subtypes and to minimize

the risk of classifying HIV strains with polymorphic mutations as strains with mutations associated with transmitted drug resistance.

ART, antiretroviral (ARV) therapy.

Box 1. Survey method criteria
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WHO HIVResNet Epidemiology and Clinical Working
Groups. At the time, a 10% prevalence of transmitted
resistance was recommended in high-income countries as
the threshold to trigger clinical baseline resistance testing
[51,52], based on cost-effectiveness analyses. This
recommendation was not considered relevant because
ART scale-up in resource-limited countries is based on
one first-line regimen selected on a population basis and
baseline resistance testing is not feasible. Experts argued
that the initial threshold should be lower, to alert public
health authorities to take preventive action earlier.

We conservatively selected 5% as the lower
threshold level for transmitted drug-resistant HIV. This
threshold was based partly on experience in high-
income countries: despite nearly 10 years of scale-up
with resistance-associated monotherapy or two drugs
from one class [53], transmitted resistance was
reported at <5% in large surveys in the mid-1990s
[54–56]. Blower’s models predict that transmitted resis-
tance will not reach 5% in countries where ART is
currently being scaled up until after 10 years of scale-
up or until >30% of all the HIV-infected population is
receiving ART [7,9]. Only 15–20% of HIV-infected
individuals are eligible for ART in the majority of
resource-limited countries and less than a third of those
are currently receiving ART [1], making it unlikely that
transmission of resistant strains will reach 5% in the
near future if the model is correct.

A second threshold of 15% was selected, based on
the agreement of Working Group clinicians that this
level represents a point at which the specific mutations
being transmitted and their implications for the
country’s ART regimens should be reviewed.

The method to categorize prevalences was developed
based on these specifications and informed by simula-
tions using data from large HIVDR surveys for which
precise prevalence estimates and confidence intervals
were available. It was validated using data from other
surveys. The accompanying article in this supplement
describes the development of the statistical approach
and details of the analysis method [38].

Survey methods

Sampling

A sample of ≤47 eligible individuals consecutively
diagnosed with HIV in sites within a survey area is
required for the analysis. We advise the collection of
60–70 specimens where possible, to allow for amplifi-
cation and genotyping problems, and post-diagnosis
determinations of ineligibility.

Selection of survey areas

It is recommended that surveys be performed in
geographic areas where ART has been available to at

least 20% of eligible individuals for ≥3 years.
Geographic areas are defined as health planning areas
where ART services readily available to residents can
be described and differentiated from those available to
residents of other areas. The capital city is the most
likely area in most resource-limited countries where
ART will have been widely available for ≥3 years; in
many countries, the capital city is the only area where
this is the case. If no area in a country meets this crite-
rion, a baseline survey to pilot procedures may be
performed in the area where ART has been available
for the longest period of time.

Eligibility criteria

Laboratory confirmation of HIV infection, age <25
years old and no previous pregnancies for women are
mandatory eligibility criteria in all surveys. If projected
sample numbers are sufficient, a more restrictive age
criterion of <22 years old is preferred. In areas where
sites routinely collect relevant information, or where
relevant laboratory tests are available, we recommend
that at least one additional criterion be used. The addi-
tional criteria were developed to reduce the likelihood
of including individuals who were infected for >3 years
or who have been previously exposed to ARV drugs,
and are listed in Box 2. Identical criteria must be
applied in all sites included in one survey within a
specific area.

If the National HIV Drug Resistance Working
Group in a country believes that a subgroup may
potentially have a higher prevalence of transmitted
HIVDR than other groups, additional eligibility criteria
may be applied to restrict a survey to that group. One
example is IDU, because IDU receiving ART are

DE Bennett et al.
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Mandatory criteria

• Laboratory confirmation of HIV infection.

• Age <25 years at HIV diagnosis (or age <22 where sample

numbers support the more restrictive criterion). 

• If female, no previous pregnancy.

Criteria to be applied where information is routinely available

• Documented laboratory evidence of seroconversion.

• If applicable to the survey group, first risk-defining event within

the past 3 years (for example, drug injection or sexually trans-

mitted infections).

• Documented laboratory evidence of recent infection (if based on

a method validated within the country and laboratory context).

• No previous positive HIV test.

• No known exposure to antiretroviral drugs.

• No presumptive or definitive diagnosis of a WHO Stage 3 or

Stage 4 clinical event [80].

• CD4+ T-cell count >500 copies/ml [45,81].

HIVDR, HIV drug resistance; WHO, World Health Organization.

Box 2. Participant eligibility criteria for HIVDR threshold surveys
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believed in some countries to be less adherent than
other groups [57] and more likely to develop and
transmit resistant strains. Because a sample size of 47 is
insufficient to categorize resistance transmission in
more than one subgroup within one survey, a separate
survey should be performed for each subgroup of
interest in an area.

Site selection

Guidance on site selection is summarized in Box 3. Site
selection should ensure either that attendees over all
participating sites are reasonably representative of the
area population as a whole or of a subgroup of interest.
Every eligible individual attending the site during the
period of the survey should be able to be included,
which means information on HIV status must be avail-
able for all. Where HIV testing is optional and uptake is
<95%, a site should not be selected. For instance, in
many sites offering PMTCT to pregnant women in
resource-limited countries, uptake of HIV testing is
poor [58]. Such sites are not suitable because potential
participants whose HIV status is unknown cannot be
included in the survey; HIVDR prevalence among
refusers could differ from that in women accepting tests.

Site selection should further minimize the likelihood
that potential participants will have been HIV-infected
for more than a few years or that they will be ARV-
experienced. Ideal sites are those where records permit
identification of individuals who have received

multiple HIV tests and where sufficient numbers of
individuals can be identified who have seroconverted
within the past 3 years or within a shorter period such
as 1 year Also recommended are sites where a large
proportion of individuals testing positive for HIV are
likely to be young or recently infected. A large
percentage of HIV-positive women attending ANC or
PMTCT sites are likely to be <25 years of age [58].
Data from high-income countries suggest that a higher
proportion of individuals diagnosed with HIV at STI
clinics are recently infected than individuals diagnosed
at VCT [59].

Sites where individuals may attend more than once
during the period of a survey and where records do not
support exclusion of a duplicate specimen on a second
visit (for example, anonymous HIV-testing sites or
blood donation sites without suitable records) should
be excluded. Sites where most individuals seek an HIV
test because they are symptomatic are also unsuitable,
because most diagnoses will be among persons who
were infected before ART was available.

To maintain uniformity of survey procedures, site
types should not be mixed within one survey: for
instance, sites that exclusively provide antenatal
services and sites that exclusively provide STI testing
should not be included in the same survey. Sites that
offer a variety of services may be included in the same
survey, providing each offers the same services. If two
different site types are available and if numbers are

Antiviral Therapy 13 Suppl 2 29

Surveillance of transmitted HIV drug resistance

Mandatory criteria

• Based on previously collected information from the available sites in the area, at least 50 (preferably up to 70) specimens from eligible

individuals are likely to seek services during a period of 3–6 months. 

• Every eligible person attending the sites will have an equal chance of being included in the survey.

All individuals receive an HIV test routinely, or

Specimens drawn for other purposes are routinely tested as part of an unlinked anonymous HIV serosurvey, or

Uptake of optional HIV tests is >95%

• Persons diagnosed with HIV at the sites selected are representative of persons infected with HIV in the area (or a subgroup of interest in

that area).

• Records can ensure exclusion of a second HIV-positive specimen from an individual whose first HIV-positive specimen was already collected

for the survey.

• A routine blood draw should take place, which can provide a suitable remnant specimen, or an opportunity to draw a minimal amount of

blood into a second tube.

• Appropriate procedures to safeguard confidentiality should be in place.

• Unless a unlinked anonymous survey has been approved, site procedures should be able to incorporate informed consent procedures.

Recommended criteria

• Information on previous HIV tests at the sites will be available for individuals tested during the period of the survey. 

• Information on CD4+ T-cell count, WHO stage or ART eligibility is routinely recorded for individuals whose HIV tests are positive, or

≥20% of individuals whose HIV tests are positive are unlikely to be eligible for ART or have signs and symptoms potentially related to HIV

• The site is part of a national system that supports identification of previous HIV diagnosis and previous ART at other sites for patients who

test HIV-positive during the period of the survey, or

Self-reports of previous positive HIV tests and ARV experience are routinely recorded for individuals receiving a HIV test

ART, antiretroviral (ARV) therapy; WHO, World Health Organization

Box 3. Site selection criteria for HIV drug resistance threshold surveys
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sufficient and resources permit, it is advantageous to
perform two separate surveys within an area.

Specimen collection and handling 

As noted previously, use of remnant material from
routinely collected specimens is preferred to minimize
costs; their use also increases the likelihood that a
specimen will be available for all eligible individuals.
Specimens from sentinel HIV serosurveys and HIV
specimens from diagnostic sites, such as VCT, are
likely to be sera or dried blood spots (DBS). In sites
where rapid testing is used and CD4+ T-cell counts are
drawn immediately after a preliminary diagnosis is
made, DBS may be made or plasma may be separated
after CD4+ T-cell testing is performed. Where remnant
specimens are insufficient or unsuitable, it is recom-
mended that an additional tube be drawn during a
routine blood draw.

For HIVDR threshold surveys, the minimum
recommended specimen volume is 1 ml for plasma or
serum, or ≥2 DBS (5 preferred) of ≥50 μl (100 μl
preferred). The WHO HIVResNet Laboratory
Network Advisory Group recommends that sera or
plasma be separated within 48–72 h of the blood draw
and frozen at -70˚C within 96 h of the blood draw
with no subsequent thaws until genotyping. If speci-
mens are transported to another laboratory after
freezing, transport should take place on dry ice or
liquid nitrogen. Multiple transfers after freezing
should be avoided.

DBS should be made from blood drawn into anti-
coagulated tubes and should be spotted within 96 h of
the blood draw by appropriately trained individuals.
DBS may be stored or transported at room temperature
for up to 30 days, but preferably no longer than 14
days. Details on specimen handling recommendations
can be found in the WHO HIVResNet laboratory
article in this supplement [60].

Data collection

Data should be abstracted from information routinely
recorded for service provision or sentinel serosurveys.
Basic demographic data, data on residence and risk,
and relevant clinical and laboratory information are
abstracted if available. Age, sex, information on
previous pregnancy in women, and date and time of
blood draw are the only required data items. Minimal
additional information may be collected if its recording
will not disrupt service delivery, and if clients agree to
provide it.

Ethical issues

Protocols for HIVDR serosurveys must be approved
by appropriate national and international ethics
committees. In HIV Sentinel Serosurveys, an

unlinked anonymous methodology is generally in
place in most countries [61]. Where HIVDR surveil-
lance is to be added to these surveys, WHO
recommends requesting ethics committee approval to
use the unlinked anonymous process.

In settings where additional information is sought
from participants or where additional blood is
drawn, informed consent should be required. In some
countries, National HIVDR Working Groups and/or
ethics committees have decided that consent should
be required and results returned even where these
conditions do not apply.

Mutation list

A working group developed the list of mutations for
evaluation of transmitted HIVDR. The mutations are
associated with ART, and are non-polymorphic in all
HIV-1 subtypes. The principles are described elsewhere
in this supplement [62]. This list has been published
[63] and will be next updated in mid-2008.

Quality assurance and analysis

Before the analysis is performed, sequences must
undergo evaluation from the WHO Sequence Quality
Assessment Tool (http://www.cs.brown.edu/courses/
cs190/2005/project_ideas/project_ideas.html), which
screens each sequence based on percentages of
ambiguous nucleotides, frameshifts, insertions and
deletions and stop codons on the nucleic acid level, and
for percentages of ambiguous and atypical amino acids
and frameshifts on the amino acid level. Sequences
with percentages of any of these elements above a spec-
ified level are queried. Pairwise genetic distances are
also evaluated and sequences that too closely resemble
one another are also queried. Laboratories may resolve
some problems by re-interpretation, by confirming a
close epidemiological relationship between individuals
with closely associated sequences or by re-sequencing
specimens. Unacceptable sequences are not included in
the analysis. An article describing the tool is being
drafted for publication.

Chromatograms of sequences with mixtures occurring
at resistance-related positions in reverse transcriptase and
protease are also re-examined to confirm the presence of
a resistance mutation within the mixture.

After sequence queries have been addressed, the
sequences are ordered consecutively according to the
date and time of blood draw and are evaluated one at
a time, using a WHO database tool to identify muta-
tions on the WHO list. The mutations are confirmed
using the Stanford website Calibrated Population
Resistance application [64], which is based on the same
list. The analysis ends as soon as the running total of
sequences with one or more relevant mutations is
greater than an upper limit or less than a lower limit,
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specified by the method for that number of sequences.
The derivation of the lower and upper limits for each
number of sequences is described in Myatt’s article
[38]. Categorization of HIVDR prevalence as below or
above each of the two thresholds is performed sepa-
rately for protease inhibitors (PIs), nucleoside/
nucleotide reverse transcriptase inhibitors (NRTIs) and
non-nucleoside reverse transcriptase inhibitors
(NNRTIs); if prevalence to a class is categorized as
>5%, prevalence is categorized for each drug in the
class. If no sequences with relevant resistance muta-
tions appear among the first 34 specimens, prevalence
can be classified as <5% because the lower limit for 34
specimens is one sequence with a relevant resistance
mutation. A categorization of >15% can be based on as
few as the first 14 specimens if the number of sequences
with relevant resistance mutations among them is
higher than the upper limit of five. If prevalence cannot
be classified using these minimum numbers of
sequences, the analysis continues until a classification
can be made. If after 47 sequences are evaluated the
number of sequences with relevant resistance muta-
tions  is neither below the lower limit (two) or above
the upper limit (eight), prevalence is between 5–15%.

If a major resistance mutation is seen in a sequence,
eligibility criteria for the individual concerned and for
the other individuals included in the survey should be
re-examined. If there is no reason to exclude individuals
from the analysis, results can be reported.

Reporting and dissemination of results

National HIVDR Working Groups will make annual
reports and recommendations to clinicians, other scien-
tists, policy makers and the general public, based on the
threshold surveys and other HIVDR assessments. Initial
reports from 19 countries are scheduled to appear in
2008. Results should contribute to ART policy deci-
sions, including ART regimen and HIV prophylaxis
guidelines. If transmission of resistant strains is seen
above either of the thresholds, recommendations should
take into account implications of the mutations trans-
mitted for the ART regimens currently used in the
country. For instance, evidence of transmitted nelfinavir
resistance in a country where the first-line is NNRTI-
based and where second-line includes a boosted PI,
would have fewer implications than evidence of trans-
mitted NNRTI resistance. Recommendations for
appropriate public health actions should be based on
survey results seen in the context of information from
other HIVDR assessments [37].

Summary of initial survey results

As of March 2008, HIVDR threshold surveys have
been completed, or are currently being implemented, in

21 resource-limited countries (Botswana, Cambodia,
China, Ethiopia, Ghana, India, Indonesia, Kenya,
Malawi, Mozambique, Namibia, Swaziland, Russia,
Rwanda, South Africa, Tanzania, Thailand, Uganda,
Vietnam, Zambia and Zimbabwe). The summary of
results and subsequent discussion will focus on the nine
surveys from seven countries reporting results in peer-
reviewed articles in this supplement (one survey each
from Ethiopia, Malawi, Swaziland, Tanzania and
Vietnam; two surveys from South Africa and Thailand
respectively) [44,65–70]. Characteristics of these
surveys and their results are summarized in Table 1.

Geographic areas and sites selected

Surveys were performed in the capital cities in five of
the seven countries and in larger health planning areas
in the other two. All areas selected did not meet the
requirement for ART coverage of >20% of eligible
individuals for ≥3 years, but all countries performed
surveys where ART was first made available.

In Ethiopia, Swaziland and Tanzania, surveys were
performed as an addition to the HIV serosurveys
conducted in ANC; in South Africa, stored specimens
were evaluated from HIV serosurveys performed previ-
ously in 2002 and 2004. In Malawi, PMTCT sites with
>95% HIV testing uptake were used. Vietnam and one
Thai survey used VCT sites; the other Thai survey was
performed at a blood donation clinic where sero-
conversion information was available.

Specimens, storage, transport and amplification/
genotyping rate

Thailand collected 50 eligible specimens in each of its
surveys, Vietnam collected 59 and all other countries
collected ≥60. DBS were collected in Malawi and
Tanzania, and sera in the remaining countries except in
Thailand, where plasma was available.

In South Africa, no attempt had been made in 2002
and 2004, when the stored specimens were collected,
to optimize handling methods to facilitate genotyping.
Other countries put into place mechanisms to collect
and handle specimens according to WHO recommen-
dations, although in Ethiopia, specimens were
transported from one facility to another multiple
times. Specimens were shipped from Ethiopia, Malawi
and Tanzania to genotyping laboratories outside the
region, specimens from Swaziland and Vietnam were
shipped to respective regional laboratories, and in
South Africa and Thailand, genotyping was performed
in the country.

South Africa and Ethiopia reported amplification
and sequencing rates of 41–52%. In Tanzania and
Swaziland, rates were 83–87%. In the remaining five
surveys in four countries, amplification and sequencing
success ranged from 92 to 94%.

Antiviral Therapy 13 Suppl 2 31

Surveillance of transmitted HIV drug resistance

Bennett 561  25/4/08  17:01  Page 31



Prevalence of resistance and resistance mutations
Using the WHO HIVDR threshold survey analysis
method, all countries reported <5% prevalence of
resistance to PIs, NRTIs and NNRTIs.

Discussion

The WHO-recommended HIVDR threshold survey
method was developed to address several needs and
constraints specific to developing countries. The
method represents a compromise between the need for
a standardized, reasonably representative methodology
and the necessity to minimize financial and human
resources so that surveys can be performed regularly.
The reports in this supplement demonstrate that the
recommended WHO methodology is feasible though
implementation raised several challenges described in
the country-specific articles. 

Numbers

As expected, achieving sufficient numbers was chal-
lenging. All but two countries managed to supply 60–70
eligible specimens, but in Vietnam and Thailand, where
HIV prevalence in the general population is <2% [71],

surveys required ≥6 months and numbers were still <60.
In African countries, where HIV prevalence is higher,
sufficient numbers were achieved in urban areas, but as
HIV prevalence decreases [71] and surveys are
extended to areas where prevalence is lower [1]
numbers may be problematic. Focusing on sites where
services are provided to subgroups with higher HIV
prevalence in Asia and planning surveys in clinical
settings where new ‘provider-initiated’ routine HIV-
testing programmes are beginning to diagnose HIV in
the early stages of infection, may provide sufficient
numbers [35,72].

Amplification and sequencing

Amplification and sequencing rates were >90% from
remnant serum, DBS and plasma specimens in three
countries and approached that rate (87%) in serum
specimens from Swaziland. Their experience suggests
that routine specimen handling and laboratory opera-
tions can be optimized sufficiently, without instituting
high-cost operations. Tanzania identified problems in
DBS training associated with the 83% amplification
rate that will be addressed in the next survey [70].
South Africa implemented appropriate procedures for
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Participation Amplification/ Predominant Transmitted 

(of persons Specimen, Amplified/ sequencing HIV-1 resistance 

Country Area Duration Site type Consent eligible), % number/type sequenced (%) methods subtype(s) classification

Ethiopia Addis Apr–Aug ANC UA 100% 75/serum 39/75 (52%)/ Viroseq* or in- C <5% (all classes)

Ababa 2005 39/39 (100%) house/Viroseq 

or Trugene†

Malawi Lilongwe Oct–Dec PMTCT RC-HIV; UA 100% 59/DBS 54/59 (92%)/ In-house/ C <5% (all classes)

2006 (HIVDR) 34/34‡ (100%) In-house

South Africa Gauteng Oct 2002 ANC UA 100% 128/serum 65/128 (51%)/ In-house/ C <5% (all classes)

Province 65/65 (100%) In-house

South Africa Gauteng Oct 2004 ANC UA 100% 117/serum 48/117 (42%)/ In-house/ C <5% (all classes)

Province 48/48 (100%) In-house

Swaziland Manzini- July–Aug ANC UA 100% 70/serum 63/70 (90%)/ In-house/ C <5% (all classes)

Mbani 2006 61/63 (97%) In-house

Corridor

Tanzania Dar Es Nov 2005– ANC UA 100% 60/DBS 50/60 (83%)/ In-house/ A1, C <5% (all classes)

Salaam Feb 2006 39/39 (100%)‡ In-house

Thailand Bangkok July 2005– BD UA 100% 50/plasma 46/50 (92%)/ In-house/ CRF01-AE <5% (all classes)

Apr 2006 46/46 (100%) In-house

Thailand Bangkok July 2005– VCT UA 100% 50/plasma 46/50 (92%)/ In-house/ CRF01-AE <5% (all classes)

Dec 2005 38/46 (83%) In-house

38/50 (76%)§

Vietnam Hanoi Feb–July VCT RC-HIV/ 99%¶ 70/serum 49/52 (94%)/ Trugene CRF01-AE, <5% (all classes)

2006 IC-HIVDR 49/49 (100%) CRF15-01B

*Abbott Molecular Genetics, Des Plaines, IL, USA. †Bayer Healthcare, Tarrytown, NY, USA. ‡In these two surveys, additional sequencing was not performed after the
number of specimens sequenced was sufficient for the analysis. §Amplified and sequenced. ¶Twelve of 559 individuals were not tested for HIV. Participation rate is
based on 71 HIV-positive individuals who met the other criteria. Abbreviations: ANC, antenatal clinics; BD, blood donation site; IC-HIVDR, informed consent for HIV
drug resistance survey; PMTCT, antenatal clinics with programme for prevention of mother-to-child transmission; RC-HIV, routine consent for clinical HIV-testing;
UA, unlinked anonymous; VCT, voluntary counselling and testing sites.

Table 1. Nine HIV drug resistance threshold surveys in seven Countries 2002–2006: characteristics and summary results
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handling of remnant HIV serosurvey specimens for
HIVDR surveillance as of 2007 [69]. Investigations are
still being carried out to account for the low rate of
amplification for Ethiopia – multiple specimen trans-
fers may have allowed unreported specimen thawing.
Additional support for specimen handling will be
provided in the next survey [65].

Bias

Individuals diagnosed at sites selected for the surveys
may not be representative of population infected with
HIV in the past 3 years. Still, we believe that by limiting
the surveys to specific areas and restricting eligibility
we remove several sources of potential bias found in
other surveys of transmitted drug resistance [8].
However, individuals infected >3 years before diag-
nosis, or infected in a different area of the country or
by an individual from a different area of the country,
may still have been included. WHO is actively
supporting improved record-keeping, which fosters
many public health benefits and as a by-product will
facilitate HIV and HIVDR surveys. New electronic
record-keeping systems being initiated at diagnostic
sites as well as care sites [43] may make it possible to
apply more stringent eligibility criteria and increase
representativeness, particularly at provider-initiated
HIV-testing sites [73].

Failure to amplify or genotype one or more speci-
mens is a potential source of bias only if
characteristics potentially associated with drug resis-
tance are associated with the failure. Specimen
handling problems, the most likely source of failure,
are unlikely to be related to participant characteris-
tics. Other common sources of failure to amplify or
sequence are also unlikely to be associated with drug
resistance. Although many resistant strains that
emerge in response to inadequate ART may be less fit,
those strains that are in fact transmitted are unlikely
to be associated with a sufficiently low viral load to
impede amplification [74]. Moreover, most surveyed
individuals are unlikely to be acutely infected, which
may increase the likelihood that drug-resistant strains
may already have lost mutations impeding replication
such as M184V [75].

Non-inclusion of eligible participants is another
potential source of bias. Eight of the nine surveys
were unlinked anonymous surveys in which no
consent was requested, and specimens were available
from all eligible participants. In Vietnam, where
consent for HIV testing is required at VCT sites, 12
(2%) of 559 potentially eligible individuals refused
HIV testing, and thus could not be assessed for survey
eligibility. An additional 12 were HIV tested, but did
not consent to inclusion in the HIVDR survey, only
one of these was HIV positive. Nguyen et al. [67]

correctly points out that the lack of results for the
non-consenting HIV-positive individual could potentially
contribute to bias.

One advantage of our methodology is that this
source of bias is quantified and taken into account
when evaluating the results. Many high-income
country surveys that take advantage of referrals from
interested clinicians or stored specimens do not report
refusal rates or non-inclusion rates based on the
numbers of individuals attending the relevant sites
from whom specimens were not included [41,76].

The utility of the ‘no previous pregnancies’ criterion
to eliminate one source of bias was inadvertently
confirmed in the 2004 South African survey. Sequences
from four women with previous pregnancies, diag-
nosed in sites where NNRTI-based PMTCT had been
previously available, were accidentally included in the
initial analysis and would have led to an overestimate
of transmitted NNRTI-resistance if their eligibility had
not been re-evaluated and their results excluded [69].

Context of surveys to evaluate transmission of
drug-resistant HIV

Our methodology differs substantially from the
European surveillance practice of evaluating trans-
mitted resistance among chronically-infected patients
starting ART [41]. We believe it is more likely that base-
line resistance in reportedly drug-naive patients starting
ART in resource-limited countries is due to undisclosed
ARV experience than to transmitted resistance [20,25].

Although they provide important information,
surveys of transmitted resistance are insufficient to
guide public health action to minimize transmission
of drug-resistant strains. WHO recommends that in
addition to surveys to evaluate transmission, coun-
tries should assess both baseline resistance and
previous ARV experience before the start of first-line
ART at sentinel ART sites [77]. Systematic evaluation
of HIVDR ‘early warning indicators’ to assess ART
programme functioning in all treatment sites [37,78]
and cohort surveys to monitor the emergence of drug-
resistant strains during ART at sentinel sites [77] are
also recommended. Results from this combination of
assessments should support evidence-based recom-
mendations to strengthen appropriate prescribing,
drug supply continuity, adherence and HIV transmission
prevention, as well as to guide ART policy.

Future plans for surveillance of transmitted 
drug-resistant HIV

WHO and its HIVResNet partners are committed to
supporting and providing technical assistance for
HIVDR transmission surveillance resource-limited
countries. Funding is provided by the WHO, the Bill
and Melinda Gates Foundation, and numerous donor
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countries, academic institutions and other 
non-governmental organizations.

In 2008, HIVResNet working groups will re-evaluate
aspects of the survey methodology. The statistical
modelling subgroup will assess whether the thresholds
of <5%, 5–15% and >15% are appropriate based on
new information, and work with the clinical and
epidemiology groups to recommend actions based on
prevalence categorization. Studies and mathematical
modelling will also be performed to evaluate the extent
and duration of ART availability that should trigger an
initial survey, methods to evaluate the need for specific
surveys for subgroups and methods to select representa-
tive sentinel geographic areas, so that surveys need not
be performed in all areas of a country after ART
coverage is countrywide.

Additional validation of the threshold survey
method by more extensive surveys is a high priority.
Validation surveys in resource-restricted countries are
currently likely only to confirm that the method is valid
where there is little or no transmitted resistance, so
evaluations are also taking place in areas of known
high HIVDR transmission in high-income countries.
[79] Low-cost larger representative survey methods, for
countries where these are indicated and feasible, are
also being explored.

Conclusion

Initial evidence from diverse resource-limited countries
using the WHO HIVDR threshold survey method
suggests that in the first years of ART scale-up, transmis-
sion of drug-resistant strains of HIV is likely to be limited
and that the method can be implemented in areas with
minimal infrastructure. As ART is expanded within each
country, HIVDR transmission surveys using standardized
methods should be expanded to additional areas and
performed routinely. Data provided by these surveys, in
conjunction with other assessments, will provide impor-
tant information to limit the emergence and transmission
of resistance in resource-limited countries.
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