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Abstract

A substantial number of studies have been performed across the world to determine transmitted
drug resistance. Large variations between different parts of the world can be expected because of
differences in availability over time of treatment. Time trend analyses are often not possible because
of small numbers of included patients. In this review, we present the available data on the transmis-
sion of drug-resistant HIV, with a major emphasis on the time trends of drug resistance prevalences.
We identified relevant literature by searching in PubMed through September 2009. Studies were
grouped, according to the year of data collection, into the following time periods: < 2001, 2001-2003,
> 2003. We selected a total of 215 studies, which included 43,170 patients. The following prevalences
of transmission of drug-resistant HIV were found, in rank order: North America (12.9%), Europe (10.9%),
Latin America (6.3%), Africa (4.7%), and Asia (4.2%). Changes over time in particular drugs classes
were found in all parts of the world. Nucleoside reverse transcriptase inhibitor resistance declined over
time in North America (p = 0.03), Europe (p < 0.001), and Latin America (p < 0.001). The decline in
nucleoside reverse transcriptase inhibitor resistance reflects the improvement of treatment regimens
in resource-rich settings. In contrast the resistance prevalence increased in Asia (p = 0.047) and
Africa (p < 0.001). This can be explained by the antiretrovirals becoming more available during recent
years in these continents. Nonnucleoside reverse transcriptase inhibitor resistance rose over time in
North America (p < 0.001), Europe (p < 0.001), Latin America (p < 0.001), and Asia (p = 0.01). This paper
gives a complete overview of the epidemiology of resistance of antiretroviral drugs in drug-naive
patients worldwide. The time trends that were observed seem to reflect changes in describing prescriptions
over time. Changes include the more wide-spread use of antiretroviral drugs in developing countries and
the development of therapies from low-active mono-therapies to highly active antiretroviral regimens
in the industrialized countries. (AIDS Rev. 2012;14:17-27)
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The use of HAART has substantially improved survival
among patients infected with HIV-1. But the success of
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antiretroviral treatment can be limited by the emergence
of HIV drug resistance, which in turn can be transmitted
to newly infected individuals. Transmission of drug resis-
tance is associated with an increased risk for virologic
failure 12 months after start of treatment’.

A large number of studies reported on transmitted
drug resistance across the world. These studies report
a prevalence of transmitted drug resistance that ranges
between 0-25%24.

The prevalence is lowest in resource-limited settings®.
But the prevalence in resource-limited countries may
have increased in recent years as access to antiretro-
viral drugs has been expanding.
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Substantial differences in resistance to particular
classes of antiretroviral drugs may exist over time in
different parts of the world. For example, the use of
nevirapine in Africa to prevent mother-to-child transmis-
sion could have increased the prevalence of transmitted
resistance to nonnucleoside reverse transcriptase
inhibitors (NNRTI) in Africa®. Similarly, in resource-rich
settings zidovudine was given as monotherapy before
1996, resulting in transmitted nucleoside reverse
transcriptase inhibitor (NRTI) drug resistance’®. In recent
years, other classes of antiretrovirals have become
popular, which could have changed the epidemic of
transmission of drug resistance. We conducted a sys-
tematic review of the literature to compare temporal
changes in the prevalence of transmission of drug-
resistant HIV-1 across different continents.

Selection of studies on transmitted
drug resistance

PubMed was used to identify studies written in English
on the epidemiology of transmission of drug-resistant
HIV-1 until September 1, 2009 (key words “HIV” and
“resistance” or “HIV” and “transmission”). Primary re-
search studies that investigated the prevalence of HIV
drug resistance in antiretroviral-naive HIV-1-infected
persons were eligible for inclusion.

Transmitted drug resistance was reported in 215 pa-
pers, including 43,170 patients (Table 1).

Most studies came from Europe (82 studies; 25,446
patients), followed by Africa (47; 3,096), North America
(36; 8,718), Latin America (26; 3,218), Asia (23; 2,507),
and Australia (1; 185). The characteristics of included
patients varied between continents. The proportion of
risk groups per continent in the included studies fol-
lowed the regional mode of HIV-1 transmission across
the world. For example, in North America and Europe,
patients were predominantly infected through men who
have sex with men (41 and 47%, respectively), where-
as in other continents this did not exceed 20%, as
described in literature®.

Definition of transmission
of drug resistance

We compiled transmitted drug resistance as reported in
the studies. Resistance to NRTI, NNRTI, and protease
inhibitors (Pl) was defined as the presence of at least
one drug resistance-associated mutation to that particu-
lar drug class. Multiclass resistance was defined as the
presence of resistance-associated mutations to at least

two different classes of antiretroviral drugs. The list used
to define transmitted drug resistance was extracted
from the studies.

Statistical analysis

Time trends were analyzed by grouping the studies
according to the year of data collection: before 2001,
2001-2003, and 2004 or later. We used these cutoffs
so that we could include time periods with comparable
numbers of patients. Taking different time periods did
not result in different trends over time (data not shown).
Studies reporting the epidemiology of transmission of
resistance over a range of years were grouped according
to the average of the years.

Sixteen studies did not report the year of data col-
lection. The average difference between year of data
collection and year of publication was four years. We
therefore calculated the missing data collection years
by subtracting four years from the year of publication.
Exclusion of these studies or subtraction of 0, 2, or 6
years from the year of publication did not change the
results (data not shown).

Prevalence estimates are presented with 95% confi-
dence intervals calculated according to the Wilson score
interval. Poisson regression analysis was used to cal-
culate the time trend analyses for each continent.

Epidemiology of transmission
of drug resistance Europe

The studies were predominantly performed in Western
Europe (n = 75). A smaller number of studies (n = 7)
came from Central Europe and the former Soviet Union.
Studies from the former Soviet Union are of particular
interest as this part of the world has the strongest growing
epidemic worldwide due to an explosive outbreak of
HIV-1 infections among intravenous drug users'-12,

The prevalence of transmission of drug resistance
across Europe was 10.9% (95% CI: 10.6-11.3%).
Transmission of drug resistance most frequently in-
volved NRTI, with a prevalence of 7.4% (7.1-7.7%). The
prevalence of resistance to NNRTI was with a preva-
lence of 3.4% (3.2-3.6%), slightly higher than the
prevalence of 2.9% (2.7-3.2%) found for PI.

Transmission of drug resistance declined over time in
Europe. The prevalence was around 11.5% before 2003
and reduced to 7.7% after that year (p < 0.001). A clos-
er examination of the classes showed that this decrease
was ascribed to the decline in resistance to NRTI (from
8.0 to 4.3%) and PI (from 3.3 to 1.4%) (p < 0.001).



Resistance to NNRTI increased from 2.9% to a small
peak in 2001-2002 of 4.4%, after which it decreased
again to 3.2% (p = 0.004).

Two European studies that reported on the epidemi-
ology of transmitted drug resistance over time confirm
our results. First, the pan-European SPREAD program
also reported a decrease in the prevalence of transmit-
ted NRTI resistance and an increase in the prevalence
of transmitted NNRTI resistance over time (2002-2006).
These changes were, however, not statistically signifi-
cant, which could be ascribed to a smaller sample size
in the SPREAD program'®. The second study confirm-
ing the decline in transmitted drug resistance over time
was performed in the United Kingdom. This study re-
ported a small increase in NRTI resistance, with some
evidence of a leveling off from 1996 to 2003. This
British study also reported an increase in transmission
of NNRTI resistance™.

North America

Europe and North America have had the longest
access to antiretrovirals across the world. There were,
however, several differences between the two conti-
nents. In North America, the prevalence of transmis-
sion of drug resistance was higher, with a proportion
of 12.9% (12.2-13.7%) (Fig. 1). Similar to Europe, trans-
mission of drug resistance was for the largest part
ascribed to NRTI; prevalence 7.4% (6.8-8.0%). But
transmission of NNRTI resistance in North America was
5.7% (5.2-6.2%), higher than the prevalence of 3.4%
found in Europe. Similar to Europe, resistance to Pl was
also uncommon in North America, with a prevalence of
3.2% (2.8-3.6%) as compared to 2.9% in Europe.

Contrary to Europe, the prevalence of resistance
showed an increase over time from 11.6% (10.7-12.7%)
in studies performed before 2001 to 14.3% (12.8-
16.1%) in studies performed after 2003 (p = 0.003)
(Fig. 2). This increase in overall transmitted resistance
was ascribed to the increase in NNRTI resistance (from
4.1 t0 8.3%; p < 0.001), whereas the NRTI resistance
decreased from 8.0 to 6.4% (p = 0.032).

Studies that included longitudinal data confirm the
time trends we observed. A study performed in San
Francisco showed a decrease in transmitted NRTI re-
sistance from 21% in 1996-1997 to 3.3% in 1998-1999
and a subsequent increase to 6.2% in 2000-20018.

The decline in NRTI resistance in resource-rich set-
tings reflects the improvement of treatment regimens.
Before 1996, antiretroviral therapy consisted of mono-
therapy or dual-therapy of NRTI, which lead to the
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Figure 1. Prevalence of transmitted drug resistance to any of the
drug classes, nucleoside reverse transcriptase inhibitors, nonnucle-
oside reverse transcriptase inhibitors, and protease inhibitors in Af-
rica, Asia, Europe, North America, and Latin America. Any: any class
of drugs; NRTI: nucleoside reverse transcriptase inhibitor; NNRTI: non-
nucleoside reverse transcriptase inhibitor; Pl: protease inhibitor.

appearance of drug-resistant HIV-1 in many pa-
tients' 16, After 1996, HAART was introduced, which is
virologically more active and is associated with a sub-
stantially lower risk of resistance. As a consequence,
NRTI resistance was initially high and then decreased
in recent years.

The increase of NNRTI resistance in Europe and
North America coincides with the more frequent use of
this drug class in the developed world in the previous
years. NNRTI were approved in 1996 and clinical trials
in 1999 indicated that virologic outcomes during treat-
ment with this drug class were better compared with
those of Pl-based treatment'”.

Latin America

Large Latin American countries, such as Argentina
and Brazil, have sponsored a policy of universal ac-
cess to antiretroviral drugs since the 1990s. Interest-
ingly, transmission of drug resistance was reported in
6.3% (5.5-7.3%) of HIV-1 patients from Latin American
studies, suggesting that universal access did not result
in high levels of resistance.

Studies from Latin America reported a low prevalence
of transmission of drug resistance to the different drug
classes: 3.8% (3.2-4.6%) for NRTI, 1.6% (1.2-2.1%) for
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Figure 2. Prevalence over time of transmitted drug resistance to any of the drug classes, nucleoside reverse transcriptase inhibitors, non-
nucleoside reverse transcriptase inhibitors, and protease inhibitors in Africa, Asia, Europe, North America, and Latin America. Any: any class
of drugs; NRTI: nucleoside reverse transcriptase inhibitor; NNRTI: nonnucleoside reverse transcriptase inhibitor; Pl: protease inhibitor.

NNRTI, and 2.4% (2.0-2.8%) for PI. The time trends for
resistance to particular classes followed the same trend
as in Europe and North America. Resistance to NRTI
decreased over time (from 6.6 10 2.8%; p < 0.001). The
prevalence of transmission of NNRTI increased from
0.6 to 2.7% (p < 0.001). Resistance to PI increased,
but remained limited (from 1.6 to 2.7%; p = 0.01).
Transmitted drug resistance to Pl was uncommon in
all parts of the world (< 3.2%). This may be explained

by the high genetic threshold for resistance to boosted PI.
Moreover, Pl are not used in treatment of all patients as
they are frequently reserved for second-line therapy.

Africa
Transmission of drug resistance was variable in Africa

and 30 out of 47 studies reported a prevalence < 5%.
The combined prevalence of transmission of drug



resistance in studies from Africa was low with a propor-
tion of 4.7% (4.0-5.5%). However, many parts of Africa
still do not have access to antiretrovirals. Epidemio-
logical studies on transmitted resistance will not be
performed in these areas as resistance is unlikely.
Therefore, the transmitted resistance prevalence that
we calculated from the available studies performed in
Africa is an overestimation of the real prevalence in this
continent.

Importantly, transmission of drug-resistant HIV in-
creased over time. The prevalence was 2.8% (1.7-4.5%)
before 2001 and almost doubled to 5.3% (4.0-6.9%) after
2003. This increase was, however, not statistically sig-
nificant (p = 0.06). The increase can be explained by the
increase in NRTI drug resistance over time from 0.6%
before 2001 to 3.0% after 2003 (p < 0.001). The preva-
lence of Pl resistance was low (0.9%; 95% CI: 0.6-1.3%)
and NNRTI prevalence showed a non-significant in-
crease from 1.7 to 2.5%.

In Africa, different patterns of resistance to particular
antiretroviral drug classes were seen than in other
parts of the world. Contrary to the Americas and
Europe, the prevalence of NRTI resistance increased
over time. This increase can be explained by the anti-
retrovirals becoming more widely available during recent
years (e.g. due to the efforts of the Global Fund and
PEPFAR, the President's Emergency Plan for AIDS
Relief). Due to the increased use of HAART, which
includes NRTI as the backbone, resistant mutations
have developed, and as a consequence transmitted
NRTI resistance in Africa has been rising.

A high proportion of NNRTI resistance was initially
observed and is decreasing over time. This high con-
tribution reflects the prophylactic use of a single dose
of NNRTI monotherapy for prevention of mother-to-child-
transmission®'®. Due to the low genetic threshold for
resistance to NNRTI, viral resistance could be induced'®.
Currently, the WHO recommends combinations of dif-
ferent antiretroviral drugs, including NRTI, to prevent
vertical transmission, instead of using the simplest
regimen of single-dose nevirapine®. Furthermore,
universal access to HAART has been scaled up in
developing countries?!:?,

As a consequence, transmitted NRTI resistance has
increased and the contribution of NNRTI resistance to
the total resistance has decreased.

Asia

We found a lack of data on transmission of drug
resistance in Asia. Data from Asia should therefore be
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interpreted with caution. Only a low number of studies and
patients could be extracted from literature. Consequently,
time trend analyses showed less significant results.

For example, the overall resistance prevalence of
4.2% (3.4-5.4%) was stable over time (p = 0.496). How-
ever, NRTI and NNRTI resistance were slightly increasing
from 1.3 10 3.5% (p = 0.047) and 0.6 to 2.2% (p = 0.01),
respectively. Transmitted resistance to Pl declined over
time from 1.3 to 0.4% (p = 0.02).

Oceania

Only one study was included from Australia in this
review. This study reported a high prevalence of 23.2%
(17.7-29.8%). No further analyses were performed with
this data.

Discussion

In this review, we examined all literature available on
HIV-1 transmitted drug resistance epidemiology. Review-
ing all literature on this subject allowed us to calculate
the change over time in the prevalence of transmission
of drug-resistant HIV-1 for the different drug classes in
each continent.

The prevalence of transmitted resistance ranged
between 0%2326 and 27%8. This means that most HIV
infections are with a virus that is susceptible to antiret-
rovirals. There were, however, clear differences across
the world. The highest prevalence of transmitted resis-
tance was found in North America (12.9%) and Europe
(10.9%), where antiretroviral drugs have been available
for prolonged periods of time. Lower proportions of trans-
mitted resistance were found in Latin America (6.3%),
Africa (4.7%), and in Asia (4.2%).

Time trends observed in this study may be caused
by true differences in temporal changes in treatment
regimens between continents, or by other sources of vari-
ability. An important factor may be the inclusion of re-
cently or chronically infected patients, a distinction
sometimes made in studies performed in resource-rich
countries. Resistance in recently infected patients has
been reported to be higher than resistance in patients
infected > 1 year?. This can be explained by several
factors. First, the difference partly reflects the variation
of resistance prevalence among different HIV risk
groups. The majority of the recently infected patients
are men who have sex with men (MSM)?. Transmitted
drug resistance is often much higher in MSM HIV-in-
fected patients compared to the heterosexual risk
group because most HIV patients who acquired HIV
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through heterosexual contact are more likely to come
from regions with limited access to antiretroviral drugs'®2°.
In addition, the lower prevalence of transmitted drug
resistance in chronic patients can be explained by the
outgrowth of the wild-type or the reversion of the trans-
mitted drug resistance mutations. Remarkably, some
resistance viruses remain present in patients, despite
the negative effect on replication capacity, due to the
appearance of compensatory mutations and the re-
duced replication capacity of the required intermediate
viruses®. In this review, the effect of differences be-
tween studies in including recently or chronically in-
fected patients on the time trends is probably limited,
as most differences in studies were seen between con-
tinents and not over time.

Another source of variation in resistance prevalence
between studies may be the use of different methods
to define drug resistance. The majority of the studies
we included have defined resistance either with the IAS
USA or the Stanford genotypic resistance interpretation
algorithm. However, the use of different algorithms to
score resistance may not have a large impact. This is
supported by a previous study reporting that scoring
resistance using the IAS USA mutation list of 2006,
or the Stanford HIVdb (version 4.3.0, 2007) or the
Shafer list of 2007% was associated with comparable
levels of transmitted drug resistance in 8,272 geno-
typic resistance tests of drug-naive patients conducted
during 1997-2005%,

This review is limited by the data that could be ex-
tracted from published reports. Convenience sampling
(i.e. an over-representation of patients suspected to
carry a drug-resistant virus) may have an impact on
the prevalence estimates. Although we cannot rule out
that convenience sampling occurred, the vast majority
of included studies used well-defined sampling strate-
gies to identify relevant patients.

Heterogeneity is another bias that can occur within
reviews. Heterogeneity applies to differences in the
strategies used to sample patients and in research
methodology. We reduced the heterogeneity by taking
into account the year of data collection and performing
analyses per continent.

The studies that were collected used population
sequence analysis. This method fails to detect minor
populations of drug-resistant quasispecies®t. As re-
sistance variants in the absence of drug-selection
pressure in the antiretroviral-naive host may be present
in minority viral variants, population sequence analysis
will underestimate the prevalence of drug-resistant
HIV-1.

Despite these shortcomings, this review is the first,
to our knowledge, to summarize all the published
articles on transmitted drug resistance.

Conclusion

In this paper, we gave an overview of the epidemiol-
ogy of resistance to antiretroviral drugs in drug-naive
patients worldwide. The resistance profiles of the three
antiretroviral drug classes seem to be different among
continents and reflect changes in prescribing behavior
of antiretroviral drugs. Although the prevalence of re-
sistance to antiretroviral drugs decreases, resistance
can become a larger problem in third world continents,
where antiretroviral drug therapy is becoming more
widespread. Continuous global surveillance is needed
to monitor the circulating HIV strains and ensure that the
development of treatment is adjusted to the evolution of
drug resistance.
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Table 1. Summary of studies on transmitted drug resistance per continent

Africa
Ref. Region Methodology Years of (n) HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling MSM IVDU HSX Any NRTI NNRTI Pl MDR Recent Newly
(time to diagnosed
infection)
[35] Africa Stanford HIVdb 1995-1999 142 35 0 35 0 0 From hospital
[36] Gabon Stanford HIVdb 2000 13 0 0 0 0 0 serosurveillance study
2001
[37] Cote d'lvoire  Not reported 1997-2000 99 0 0 0 0 0 99 Blood donors
(<3 years)
[38] Cameroon Not reported 1998 110 1.8 Individuals attending a (military)
hospital
[39] South Africa  Not reported 2000 37 0 0 0 0 0 Drug—naive pregnant woman
enrolled in study to prevent
MTCT
[40] Cote d'lvoire  IAS and ANRS, 2001-2002 107 100 5.6 0.9 3.7 0.9 0 Blood donors and pregnant
version not from a MTCT prevention study
reported
[41] South-Africa  Stanford HIVdb 2001 72 54 0 54 0 0 Representing patients attending
clinics
[42] Zambia Stanford HIVdb, 2000 28 100 0 0 0 0.0 0 Pregnant woman
IAS 19984
[44] Senegal Stanford HIVdb 1998-2001 41 0 0 0 0 0 Patients enrolled for ARV
thera
[45] Cote d'lvoire  IAS 19984 Unreported 20 0 0 0 0 0 Patier?t{s enrolled for ARV
thera
[46] Cameroon Birk 19984 Unreported 128 0 HIV—1pi¥1fected patients from 6
provinces
[48] South Africa  Stanford HIVdb 2001 14 0 0 100 0 0 0 0 0 HIV infected outpatients at a
clinic
[49] Botswana Shafer®® 2001 70 0 0 0 0 0 HIV-1 infected patients from 11
health districts
[51] Mozambique  Stanford HIVdb 2003 58 0 0 0 0 0 HIV patients visiting hospitals
and enrolled for a therapy
program
[52] Malawi Stanford HIVdb 1996-2001 21 0 0 0 0 0 Patients attending to hospitals
and woman participating in a
breast-milk study
[563] Dijibouti IAS 2005% 2002 47 213 241 14.9 6.4 2.1 Patients randomly selected for
HIV test
[565] Cameroon IAS 20055 2004 54 13.0 3.9 5.9 74 37 Patients attending clinics
[23] Nigeria Not reported 2005 18 0 0 0 0 0 Patients enrolled for a therapy
program
[56] From 7 ANRS Sept. 2004,  1996-2003 35 11.4 0 1.4 0 0 Patients attending hospitals
countries in Stanford 2005,
Africa Rega version 6.2

(continue)
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Table 1. Summary of studies on transmitted drug resistance per continent (continued)

Africa
Ref. Region Methodology Years of (n)  HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling MSM IVDU HSX Any NRTI NNRTI Pl MDR Recent Newly
(time to diagnosed
infection)
[57] Democratic Stanford HIVdb 2002 70 4.3 0 1.4 2.9 0 Patients from a sentinel
Republic of population groups
Congo
[68] Cameroon ANRS Sept. 2005 2001-2004 96 2.1 1 0 1 0 Pregnant woman
[59] Burkina Faso  Stanford HIVdb 2003-2004 38 53 0 53 0 0 Pregnant woman and other HIV
positive patients attending the
hospital
[6]  Cameroon IAS, version not 2001-2002 102 7.8 2.9 2.0 2.9 0 Patients attending hospitals and
reported treatment centers
[60] Nigeria Stanford HIVdb Unreported  RT: 35 17.1 8.6 11.4 2.8 Patients enrolled for a treatment
PR: 43 0 program
[61] Burkina Faso  Stanford HIVdb 2003-2004 17 0 0 0 0 0 Patients from a HIV centre
[6] Burkina Faso  IAS, version not 2003 97 8.3 2.1 4.1 2.1 0 Patients attending hospitals and
reported treatment centers
[62] Madagascar  ANRS Sept. 2005 2005 28 3.6 0 0 3.6 0 HIV surveillance in sex workers,
STD patients and pregnant
women
[63] Central IAS fall 200554, 2005 53 0 0 0 0 0 PMTCT program
African ANRS Sept. 2005
Republic
(CAR)
[65] South Africa  Stanford HIVdb 2001-2004 40 5.0 0 0 5.0 0 HIV patients attending a clinic
Algorithm
[66] Mozambique IA% 2005% 2003 43 140 47 7.0 2.3 0 Patients attending clinics
[67] Burundi IAS 20054, ANRS 2002 101 1.0 0 1.0 0 0 HIV sero-surveillance study with
2005. 7, Stanford samples from sentinel population
db 4.1.7, Rega groups in four major cities
6.4.1
[68] Mali IAS fall 200554 2005 98 100 2 1 1 0 0 Patients attending a clinic
[69] Cote d'lvoire  IAS fall 2006°" 2002-2006 100 6.0 3.0 2.0 1.0 0 Blood donors
[70] Uganda and  Not reported Unreported 97 7.2 4.1 3.1 0 0 Plasma samples from pregnant
Rwanda women at week 36 of gestational
age
[71] Cameroon IAS fall 2006° 2004 79 139 76 8.8 26 5.1 Pgtients attending clinics
[72] Swaziland IAS fall 2006°" 2002-2003 47 2.1 0 2.1 0 0 Randomly chosen plasma
samples from HIV patients
73] Uganda IAS 200774 2006-2007 46 0 0 0 0 0 46 Patients attending a clinic
[75] Tanzania Shafer 200732 2005-2006 39 0 0 0 0 0 Surveillance among pregnant
women
[76] South Africa  Shafer 200722 2002 65 0 0 0 0 0 Young women with first
2004 48 4.2 4.2 0 0 0 pregnancy

(continue)
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Table 1. Summary of studies on transmitted drug resistance per continent (continued)

Africa
Ref. Region Methodology Years of (n)  HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling
MSM IVDU HSX Any NRTI NNRTI Pl MDR Recent Newly
(time to diagnosed
infection)
[77] Malawi Shafer 2007% 2006 34 0 0 0 0 0 PMTCT patients program
[78] Ethiopia Shafer 200732 2005 39 0 0 0 0 0 Pregnant women in surveillance
stud
[79] Swaziland WHO list 2006 34 0 0 0 0 0 Your¥g women with first
pregnancy
[80] Mozambique  Shafer 2007%2 and ~ 2002-2004 104 38 38 1.0 0 1.0 HIV-1 patients attending
Shafer 20088 hospitals and clinics
[82] Angola Shafer 20088" and 2001 122 4 70 16 16 0.8 0 0.8 HIV patients naive for ARV
2007% therapy
[83] Uganda Shafer 2007%? 1998-2003 104 58 29 0 29 0 Annual testing of individuals in a
longitudinal study
[84] Burkina Faso  Stanford HIVdb 2004-2006 104 125 106 6.1 0 3.8 Patients attending a HIV hospital
and IAS 20088
[86] Central Africa  Shafer 200722 2006-2007 102 HIV infected woman with first
34 0 0 0 0 0 pregnancy < 25 years
34 59 29 2.9 0 0
34 88 59 2.9 0 0
North America
Ref. Region Methodology Years of  (n) HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling MSM IVDU HSX Any NRTI NNRTI Pl MDR Recent Recent  Chronic
(time to (time (time to
serocon- between diagnosis)
version) neg. and
pos. test)
[87] USA IAS 19984 1997-1998 31 50 50 258 65 12.9 16.1 6.5 31 (< 3years) HIV patients assigned to a
military bases
[88] Canada  IAS 19984 1996-1998 57 100 0 0 0 0 0 57 (< 15 Injection drug users infected
months) with HIV
[89] USA VircoGEN 1997-1998 95 221 42 14.7 105 32 54 (<1 year), Military personnel with HIV
interpretation 37 (< 2 years), infection
software 6 (2-3 years)
[90] USA IAS 19984 1993-1998 99 26 3 71 71 6.1 2.0 10 20 99 (<2 HIV patients attending public
years) STD clinics
[91] USA IAS 199843 1997-1998 458 6.3 3.8 Naive HIV patients attending the
HIV/AIDS Centre
[92] USA Not reported  1998-1999 199 74 3 15 14 16 3 (< 3 years) (<3 Prospective study with
years) ARV-naive patients

(continue)
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Table 1. Summary of studies on transmitted drug resistance per continent (continued)

North America

Ref. Region Methodology Years of (n) HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling MSM IVDU HSX Any NRTI NNRTI PI MDR Recent Recent Chronic
(time to (time (time to
serocon- between diagnosis)
version) neg. and
pos. test)

[93] USA Visible 1999 44 34 7 55 11 45 45 2.3 0 44 HIV patients who planned to
Genetic initiate ARV therapy in a HIV
software clinic

[94] USA Hirsch 2000% 1996-2001 62 419 48 532 129 8.1 3.2 32 16 62 (> 6 Drug-naive patients attending a

months outpatients clinic
and < 5
years)
[8]  USA IAS 2001% 1996-1997 40 80 250 250 0 25 25 (0 (< 12 Patients recruited through
1998-1999 94 86 181 7.4 6.4 53 1.1 months) physicians, HIV-1 testing and
2000-2001 91 89 274 209 13.2 7.7 143 counseling sites, community
health centers, and self-referral
[97] USA IAS 2000% 1995-1998 213 8 8.5 1.7 09 38 (<12months) (<12 Subjects with signs or
1999-2000 88 22.7 159 7.3 9.1 10.2 months) symptoms of an acute HIV
[98] USA IAS 2000% 1997-1999 69 84 3 6 4.3 14 29 0 0 58 (< 2 Qg%ggﬁc infected recruited from
years) different clinics, private
Gractitioners and by advertisement
[99] USA Hanna 1999 2000-2001 20 50 50 0 50 50 20 oluntary testing in a prison
[101] USA IAS 2002 2000-2001 18 17 0 17 0 0 18 HIV-positive pregnant women at
a university hospital

[102] USA Hanna 1999 88 20 51 31 182 136 4.6 34 23 1 87 (>6 HIV-infected patients newly
1999'% and (< 6 months) months) presenting for HIV care in a
IAS 2000% hospital

[103] USA IAS 2002 1997-2001 1082 445 102 453 8.3 6.4 1.7 19 13 182 767 (< 12 Patients consecutively enrolled

(< 170 days) months) from HIV care clinics, HIV
counseling and testing sites,
and other clinical settings

[104] USA IAS 2000% 1996-2000 152 646 331 355 138 26 7.1 49 Homeless and marginally

housed persons from major
lunch lines and shelters and
low-rent residence hotels

[105] Canada  IAS 2003 1997-2003 305 54 34 12 19.3 148 7.2 4.6 305 HIV-infected persons from a

(< 6 months) Montreal cohort
[107] USA IAS 2003108 1999-2001 491 56 15 116 78 3.0 07 07 Demographically diverse
treatment-naive subjects from
18 encompassing 25 US
communities
[109] USA IAS 2005 1991-2001 128 8.6 8.6 16 16 16 128 Pregnant women infected with

HIV

(continue)
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Table 1. Summary of studies on transmitted drug resistance per continent (continued)

North America

Ref. Region Methodology  Years of (n) HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling MSM IVDU HSX Any NRTI NNRTI Pl MDR Recent Recent Chronic
(time to (time (time to
serocon- between diagnosis)
version) neg. and
pos. test)
[110] Canada  IAS 2003'""  2000-2001 715 26 33 17 8.1 4.1 14 15 1.0 221 (< 170 Newly diagnosed treatment-
days) naive patients
494 (> 170
days)
[112] USA IAS 2005% 1995-1998 76 93 132 118 26 13 26 253 (< 6 Newly diagnosed patients
1999-2000 71 97 19.7 1565 55 56 56 months) self-referred or recruited
2001-2002 102 97 16.7 88 7.8 49 39 72 (6-12 through community referrals
2003-2004 112 97 241 161 134 71 98 months)
[113] USA IAS 2005% 2003-2005 192 37.0 59.0 40 177 7.3 7.3 42 10 192 Patients from a HIV outpatient
care clinic
[114] USA IAS 20055 2004 129 132 70 8.5 23 31 55 (0) 81 Consecutive sample of persons

long-term  presenting for HIV counseling
infections  and testing at a STD clinic

[115] USA IAS 20055 2004 55 182 36 14.6 36 18 55 (< 180 HIV-infected adolescents aged
days) 12-24
[116] USA IAS fall 2003 317 74 6 28 9.8 35 6.0 19 16 ARV-naive patients enrolled for
200554, 120 6.6 6.3 0.6 a clinical trial
Stanford HIV
[117] USA IAS 2006°" 2005 103 25.2 6.8 ARV-naive patients attending a
public health site
[118] USA Shafer 2007%% 1999-2003 195 100 159 87 6.7 56 36 195 (< 6 MSM with documented HIV-1
months) seroconversion
[119] USA IAS 2005% 2000-2004 151 285 113 53 113 66 53 0.7 93 (< 12 ARV-naive patients presenting
months),  for care at clinics
57 (> 12
months)
[120] USA ViroSeq 1999-2005 18 111 0 5.6 56 0 18 (0) 44 Blood donors at American Red
software 44 4.5 2.3 0 23 0 Cross centers
[121] USA Stanford 2002-2006 112 100 12,5 112 (< 12 MSM from a cohort of recently
algorithm months) HIV-infected patients
[122] USA Stanford 2005-2007 228 55.7 351 121 45 9.8 18 22 Not recently infected ARV-naive
algorithm patients attending one of 19 HIV
2006 clinics
[123] Greenland Stanford 1999-2007 60 25 217 33 10.0 10.0 ARV-naive patients
HIVdb
[124] USA IAS 2008  1997-2007 848 783 13.0 87 149 6.8 7.6 50 21 894 (< 6 Laboratory requisitions
months) completed by prescribing
physicians

(continue)
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Table 1. Summary of studies on transmitted drug resistance per continent (continued)

North America

Ref. Region Methodology  Years of (n) HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling MSM IVDU HSX Any NRTI NNRTI Pl MDR Recent Recent Chronic
(time to (time (time to
serocon- between diagnosis)
version) neg. and
pos. test)
[126] North IAS 200774 2004-2006 913 61 136 6.1 7.3 3.6 Naive patients attending a clinic
America
[127] USA IAS 200812 2006-2008 100 54 8 2 6 0 0 ARV-naive patients from a urban
HIV clinic
[129] USA Shafer 2007% 1998-2007 253 53.8 178 75 9.5 32 24 120 (< 45 Patients from a Acute HIV and a
days) Acute Transmission database
133
(45-180
days)
Latin America
Ref. Region Methodology Years of n HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling MSM IVDU HSX Any NRTI NNRTI PI MDR Recent (time  Newly Chronic
to serocon- diag- (time to
version) nosed infection)
[130] Brazil Not reported ~ 1993-1997 81 2.5 HIV-1 infected patients attending
several hospitals and clinics
[131] Martiniqgue Not reported ~ 1988-1997 69 24.6 35 34 ARV-naive patients attending a
hospital
[132] Cuba IAS 19984 1999 27 74 7.4 0 0 0 PatiZnts recruited for a UNAIDS
study to monitor HIV resistance
[133] Argentina  IAS 2000% 1997, 1999, Chronic: 8 23 12 0 1.2 0 13 86 HIV patients attending the clinic
Hammond and 2000 86 154 76 0 7.6 0 and seroconversions
1997134 Recent:
13
[135] Venezuela |AS 2000% unreported  RT: 31 63 3 30 32 32 0 Patients recruited for a UNAIDS
PR: 56 1.8 study to monitor HIV resistance
[136] Brazil IAS 2000% 1998 47 0 0 0 0 0 Blood donors
[137] Brazil IAS 19984, 2001 339 269 50 617 65 24 2.1 24 03 Consecutive HIV patients from
2000% different voluntary counseling
and testing centers
[138] Brazil IAS 1998%, 2000-2002 51 9.8 0 745 140 140 0.0 00 00 Patients attending an army
2000% hospital
[139] Mexico IAS 2003'%¢  2002-2003 96 156 115 6.3 3.1 52 96 Consecutive ARV-naive patients

with evidence of disease
progression in three large public
medical centers

(continue)
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Table 1. Summary of studies on transmitted drug resistance per continent (continued)
North America

Ref. Region Methodology Years of (n) HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling MSM IVDU HSX Any NRTI NNRTI Pl MDR Recent Recent Chronic
(time to (time (time to
serocon- between diagnosis)
version) neg. and
pos. test)
[140] Brazil Stanford 1999-2005 27 0 0 0 0 0 Patients attending a local
HIVdb ™1 ambulatory facility in a resource-
poor setting region
[142] Venezuela Stanford unreported 13 7717 0 0 0 ARV-naive patients
HIVdb
[143] Brazil Stanford unreported 108 <15 3 >15 31 10 2.1 0 0 108 Consecutive samples with
HIVdb sequence information
[144] Brazil IAS-USA 1998-2002 341 62 35 0.9 12 06 55 280 Blood donors, including paid
2003% donors and excluding HIV risk
group donors
[145] Peru IAS-USA 2002-2003 359 100 33 22 0.8 19 17 33 326 MSM referred to clinic sites
2003108 through recruiters and peer
educators
[146] Argentina  IAS 2005 2004-2005 52 45 2 52 7.7 19 58 0 0 52 (<9 Recently HIV-infected subjects
months) selected during routine clinical
practice
[147] Brazil IAS 2002% 2002-2003 84 418 35 582 36 36 0 0 0 84 HIV-1-infected patients
consecutive attending a hospital
[148] Brazil Stanford 1994-1997 27 222 222 37 0 3.7 Recruited ARV-naive injection
HIVdb 2000 1999-2001 38 15.8 13.2 0 79 58 venous drug users
and IAS
2005%
[149] Mexico IAS fall 2001-2003 39 97 28 238 0 0 0 HIV-1 patients attending a
20055 hospital
[150] Brazil Stanford 2000, 2001, 74 135 1.35 0 0 0 16 (< 153 58 (> 153 Blood samples from the routine
HIVdb 2004 days) days) of blood banks
[151] Venezuela Stanford unreported 20 10.0 50 5.0 0 -
HIVdb
[152] Cuba Stanford 2003 250 84 48 0.4 3.2 0 HIV-1 patients attending the
HIVdb Tropical Medicine Institute
[153] Chile Stanford 2000-2005 79 25 25 0 0 0 HIV-1 patients
HIVdb
[154] Brazil Shafer 2007%2  2000-2006 123 65 16 1.6 08 24 HIV patients who were followed
at a HIV out-clinic
[155] Venezuela Stanford 2004-2007 63 111 63 3.2 1.6 Representative group of HIV-1-
HIVdb infected Venezuelan patients

(mostly chronically infected)
(continue)
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Table 1. Summary of studies on transmitted drug resistance per continent (continued)

North America

Ref. Region Methodology  Years of (n) HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling MSM IVDU HSX Any NRTI NNRTI PI MDR Recent Recent Chronic
(time to (time (time to
serocon- between diagnosis)
version) neg. and
pos. test)
[156] Brazil IAS 20088 2007 387 43 2.5 54 57 1.3 4.4 10 08 387 HIV-infected patients from 20
sites in 13 cities
[157] Brazil SDRM-2009  2007-2008 97 258 19 485 103 3.1 1.0 21 441 Naive patients recruited at the
IAS, version 8.2 main regional reference public
not reported hospital for HIV-1 care (mostly
chronically infected)
Europe
Ref. Region Methodology  Years of (n) HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling MSM IVDU HSX Any NRTI NNRTI Pl MDR Recent (time Newly Chronic
to serocon- diagnosed (time to
version) (time to  diagnosis)
diagnosis)
[158] Luxem- Stuyver 1992-1997 135 11.9 135 Newly diagnosed patients from
bourg 199719 national reference laboratory
NRTI
mutations:
41,69, 70, 74,
184, 214, 215
[160] Spain NRTI 1993 74 293 52 147 13.3 Patients attending HIV
mutations: 1997 75 133 50.7 227 12.0 reference centers
41, 70, 74,
184, 215
[161] ltaly Schnatz 1985-1994 44 44 23 33 9.1 64 34 HIV patients referred to the
1997162 1995 28 7.1 Division of Infectious Diseases
NRTI 1996 15 20
mutations: 1997 11 36.4
41, 67, 70,
184, 215, 219
[163]  United Not reported  Unreported 16 0 0 0 0 0 Patients attending HIV centre
Kingdom
[164] Greece Hammond Unreported 17 29 59 235 -
1997134
[165] Switzer- Schinazi 1996-1998 82 40 20 40 11 10 1.4 43 14 82 (<3 Patients attending AIDS centre
land 1997166 months)
[167] ltaly Not reported  1994-1997 38 447 263 289 211 211 2.6 0 0 38 (<8 Enrolment of seroconverters in
months) AIDS institute

(continue)



Dineke Frentz, et al.: Transmission of Drug Resistance (Supplementary Data)

Table 1. Summary of studies on transmitted drug resistance per continent (continued)

Europe
Ref. Region Methodology Years of (n) HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling MSM IVDU HSX Any NRTI NNRTI PI MDR Recent (time Newly Chronic
to serocon- diagnosed (time to
version) (time to  diagnosis)
diagnosis)
[168] ltaly Barber Unreported 10 0 0 0 0 0 10 (within a Patients with a few weeks
1990169 few weeks) primary infection
[170] ltaly Infrared 1996-2000 116 526 69 276 129 129 09 09 18 116 (< 12 Seroconverters at different
sequen- months) clinics
cing!”"
[172] Spain Line prop 1998 59 17 NA Patients attending HIV clinics
assays 124 6
[173]  United HRP- 1995-1999 20 50 50 0 0 0 20 (< 446 Seroconverters from UK
Kingdom  ASAPv1.0 days) register
program?’4
[175] Spain IAS 19984 Unreported 103 49 39 0 0.9 0 Representative epidemiological
samplin
[176] Belgium Line prop 1995 45 40 2 51 266 156 176 44 22 45 Patiepntsgvisiting hospital for the
assays 1997 75 47 0 35 266 147 133 80 40 75 first time
1998 111 27 2 21 315 108 165 99 27 111
[177] France IAS 19984 1995-1998 48 188 17 0 2.1 14 (< 3 Patients attending AIDS centers
months
[178] Spain Line prop 1997 Recent: 13.5 52 (< 9) 150 Well characterized group of
assays 52 4.7 months) individuals
Chronic:
150
[179] The IAS 19984 1992-1999  RT.74 10.8 0 74 Monitoring MSM and VDU
Nether- PR:28 0
lands
[180] Germany  Los Alamos 1996-1999 64 125 6.3 3.1 47 1.6 64 (< 3years) Seroconversion study
database
1998
[181] ltaly Visible Unreported 17 59 0 59 0 0 13 (< 12 HIV-1 seropositive persons
Genetics months)
software 4 (> 12 years)
[182] United IAS 2000% 1994-2000 69 841 29 130 145 116 43 14 29 69 (< 18 Patients of UK register of HIV
Kingdom months) seroconverters
[183] United Not reported  1996-2000 60 75 23 1.7 83 50 1.7 1.7 0 39 (< 12 Patients attending HIV clinics
Kingdom months) 21 (>
12 months)
[184] France IAS 2000% 1998 391 485 129 298 37 33 0.8 1.9 Patients from HIV treatment

centers
(continue)
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Table 1. Summary of studies on transmitted drug resistance per continent (continued)

Europe
Ref. Region Methodology Years of (n) HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling MSM IVDU HSX Any NRTI NNRTI Pl MDR Recent (time Newly Chronic
to serocon- diagnosed (time to
version) (time to  diagnosis)
diagnosis)

[185] Spain IAS 2000% 2000 351 10.8 3.1 15 6.1 First 8 naive consecutive
patients at 18 outpatient clinics
were selected

[186] Switzer- Schinazi 1996-1999 197 42 13 42 8.8 197 (< 12 HIV-1 patients from AIDS

land 2000187 months) centers
[188] United Not reported 2000 15 0 0 0 0 0 15(<6 Acute primary HIV infection
Kingdom months) study
[189] France IAS 199943 1992 4 44 22 34 2 Patients prior to the initiation of
1997-1999 105 36 28 36 2 NNRTI therapy
[190] ltaly IAS 2000% 1996-1998 Recent: 25.0 19.1 411 191 147 O 59 15 68 (< 12 347 Patients enrolled in the ltalian
68 233 372 314 115 78 49 14 26 months) Cohort of ARV-Naive patients.
Chronic:
347
[191] Greece Hertogs 1999-2000 24 0 0 0 0 0 Patients recruited before ARV
200019 treatment use
[193] United VircoGENm ~ 1988-1991 37 100 50 50 0 0 0 37 (<6 Seroconverted patients
Kingdom months) attending a HIV clinic
[194] Spain IAS 2000%,  1996-2000 91 125 22 00 120 0.0 HIV-infected patients attending
and a center
Medscape
Guide
[195] France Delfraissy 1996-1999 204 60 3 34 88 6.8 1.0 39 05 61(<3 HIV-infected patients
2000196 months) 152
(< 6 months)
[197] Spain IAS 2000%,  1996-1999 31 70 10 20 258 233 33 6.7 6.7 57 (< 12 HIV-infected patients attending
20011 2000-2001 26 67 28 43 0 0 43 0 months) a HIV centre
[199]  United IAS 2000% 1999-2001 71 100 59 15 30 40 22 14 (0), 25 (< Representing new HIV-1
Kingdom 12 months) diagnosed in UK
[200]  Spain IAS 20019 1999 47 127 85 42 21 21 94 (>3 Randomly collected ARV-naive
2001 47 150 21 127 21 241 years) individuals

[201] Sweden IAS 2000% 1998-2001 100 40 2 41 90 50 830 10 O Randomly chosen from newly
diagnosed and naive HIV
patients

[202] France IAS 2002% 1999-2000 249 57 2 32 104 76 4.0 56 48 249 (< 6 Patients from primary infection

months) therapeutic trial teams

(continue)
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Table 1. Summary of studies on transmitted drug resistance per continent (continued)

Europe
Ref. Region Methodology  Years of (n) HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling MSM IVDU HSX Any NRTI NNRTI Pl MDR Recent (time Newly Chronic
to serocon- diagnosed (time to
version) (time to  diagnosis)
diagnosis)
[203] Denmark  www. 2000 97 21 21 0 0 0 12 91 Patients who were
hivresis- seroconverted or newly
tanceweb. diagnosed
com,
IAS, version
not reported
[204] ltaly Trugene Unreported  Recent: 53 26 0 26 0 38 (1-12 24 (>3 Cohort with naive patients
38 83 83 0 0 0 months) years)
Chronic:
24
[205]  Spain Stanford 2000-2002 85 18 32 47 71 59 0 12 0 85 All newly diagnosed HIV-1
HIVdb patients attending hospitals
[206] ltaly IAS 2003"""  1996-2001 112 330 205 402 161 143 09 27 18 112 (< 12 Cohort with naive patients
months)
[207] Belgium IAS 2003""" 2000 83 581 72 50 25 12 13 83 Recently diagnosed naive HIV
patients
[208] Switzer- IAS 2000% Unreported 220 105 86 09 23 14 220 (< 1 year) Individuals attending a hospital
land
[209] The IAS 2003"""  1994-2003 100 61 27 12 13.0 100 20 1.0 00 100 (< 6 Seroconverters from a group of
Nether- months) MSM and VDU
lands
[210] Nordrhein- |AS 2001'%  2001-2002 184 46.2 3.5 224 140 105 28 2.1 2.1 Patients attending clinics/
Westfalen, and 2002% hospitals at time of first HAART
Germany administration
[211] Russia Los Alamos ~ 1996-2002 27 0 100 O 0 Samples from VDU
Federation, national
Ukraine, laboratory
Kazak-
hstan
[212] Spain Line prop 1996-2003 145 101 541 54 20.3 41 1.4 166 1.4 Untreated HIV patients from
assays different centers
[213] ltaly Stuyver < 1996 21 95 429 238 0 0 0 0 0 Naive patients attending clinics
19979 and > 2000 27 112 296 296 111 74 O 111 74
Clarke
200021

(continue)
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Table 1. Summary of studies on transmitted drug resistance per continent (continued)

Europe
Ref. Region Methodology Years of (n) HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling MSM IVDU HSX Any NRTI NNRTI PI MDR Recent (time Newly Chronic
to serocon- diagnosed (time to
version) (time to  diagnosis)
diagnosis)
[215] lIsrael IAS 2003%¢  1999-2003 176 10 24 58 148 28 85 51 06 Random samples selected from
naive patients
[216] Former Stanford 1997-2004 278 29 840 115 1383 54 75 25 04 HIV-1-infected patients
Soviet HIVdb
Union
[217] Greece IAS 200428 2002-2003 101 55 3 23 89 50 4.0 0 0 18 (< 1 year) 83 Representative sample of newly
HIV-patients
IV-1 diagnosed patients
[219] France IAS 2003 2001-2002 Recent: 57.7 035 317 14 103 3.3 43 20 303 (<6 218 (< 1 National survey
303 312 78 511 91 72 1.7 19 17 months) year), 145
Chronic: (> 1 year)
363
[27]  Europe, IAS 2003'""  1996-2002 2208 43 15 4 104 76 2.9 25 20 777 (< 1 year) Surveillance program to collect
Israel 607 (> 1 year) samples of newly diagnosed
HIV patients. Have been partly
published elsewhere
[220] Spain IAS 20055 1997-2004 198 70 10 195 121 96 4.0 20 35 198 (< 12 Consecutive newly diagnosed
months) patients
[14]  United Stanford 1996-2003 2357 764 26 21 142 99 45 46 33 172 (< 18 Resistance database with test
Kingdom HIVdb months) carried out as part of routine
version clinical care
2004.04
[221] Western Stanford 3+  1987-2003 438 749 103 123 103 57 34 3.0 438 (< 18 Patients belonging to the
Europe Stanford 4+ 151 103 3.9 41 months) CASCADE Collaboration
and IAS 2004 155 105 34 39
Canada ANRS 112 78 3.0 23
(CASCADE)
[222] ltaly IAS 2005%  1997-2004 155 239 13 168 168 129 45 19 25 155 (< 12 HIV-1 patients who received
months) routine testing
[223] Nordrheim- IAS 2003'%  2001-2003 269 48 112 86 41 15 15 269 HIV-1 patients tested before first
Westfalen, application of HAART
Germany
[25] Romania  Stanford Unreported 14 0 0 0 0 0 ARV-naive HIV-1 patients
HIVdb

(continue)
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Table 1. Summary of studies on transmitted drug resistance per continent (continued)

Europe
Ref. Region Methodology Years of (n) HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling MSM IVDU HSX Any NRTI NNRTI PI MDR Recent (time Newly Chronic
to serocon- diagnosed (time to
version) (time to  diagnosis)
diagnosis)
[224] Georgia Stanford 1998-2003 48 2 65 27 42 42 0 0 0 Naive HIV-1 patients
HIVdb 2000 represented different
transmission modes
[225] United IAS 2005% 2000-2004 140 91 9 6.4 21 43 14 14 140 (< 6 HIV patients recruited into a
Kingdom months) therapy intervention study
[226] Sweden IAS fall 1992-2002 201 100 139 134 05 0 0 87 (< 12 HIV diagnosed patients at a
200554 months) MSM HIV clinic
[227] Spain ANRS and 2002 43 90.7 116 69 69 69 23 Randomly chosen prison
IAS 2003106 inmates infected with HIV
[228] Slovenia IAS 2005% 2000-2004 77 62.3 2.6 299 39 39 0 0 0 77 (<3 Patients with HIV confirmed at
months) an AIDS centre
[29]  United IAS fall 2004-2006 239 527 241 452 71 42 17 17 04 85 (< 164 Patients newly diagnosed at a
Kingdom 20055 days) hospital
[229] Portugal IAS 2005% 2003 180 19 20 54 78 39 17 0 1.7 180 (< 3 Newly diagnosed patients in
months) representing centre
[230] ltaly IAS 2006°" Unreported 29 17.2 103 6.9 6.9 29 ARV-naive patients
[231] United IAS 20055 1996-1997 310 84 71 13 1.3 19 (< 18 291 Database with samples as part
Kingdom 1998 340 100 82 21 2.9 months) 312 of routine clinical care
1999 358 112 98 50 2.8 28 329 nationwide
2000 458 142 90 52 35 29 413
2001 517 130 93 52 3.9 45 458
2002 519 156 114 6.0 5.0 59 470
2003 767 125 74 6.0 29 49 730
2004 1185 92 46 44 2.1 37 1135
50
[232] Germany  |AS 2004%'8  1997-2004 504 88 7 2.3 16 9 2 28 14 294 (< 12 Open cohort of HIV persons
months), with known date of
178 (< 24 seroconversion
months), 23
(< 36 months,
9(>36
months)
[233] Switzer- Shafer 2007%2 1996-2005 822 42 20 32 77 55 19 27 2 822 (< 1 year) Representative populations of
land recently HIV patients
[234] Germany  IAS 2003'%  2001-2005 831 515 50 185 9.0 54 30 24 13 831 HIV patients from the majority of

treatment centers of Germany
(continue)
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Table 1. Summary of studies on transmitted drug resistance per continent (continued)
Europe
Ref. Region Methodology Years of (n) HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling MSM IVDU HSX Any NRTI NNRTI PI MDR Recent (time Newly Chronic
to serocon- diagnosed (time to
version) (time to  diagnosis)
diagnosis)
[235] Belgium Shafer 2007% 2003-2006 285 55 03 38 95 70 35 18 4.2 285 (< 6 Patients from all eight Belgian
months) AIDS Reference Centers
[236] Europe, Shafer 2007%? 1994-2007 525 114 93 1.0 30 17 13 (< 1 512 (> 1 HIV patients in 93 HIV centers
Israel and  and IAS (510 13.5 year) year)
Argentina 200774 from 16.0
and Stanford Europe)
version 4.3.4
[237] United IAS fall 2005-2007 392 706 33 05 18 10 O 392 Newly diagnosed HIV patients
Kingdom  2006° from a representative number
of centers
[7]  Europe IAS 20055 2002-2003 1050 44 8 41 91 54 26 30 13 235 (< 1year) 815(< 3 Newly diagnosed HIV patients
months) from 16 European countries
with a standardized sampling
strategy
[238] United Stanford 2006 99 70 5 1 1 0 76 Naive patients with samples in
Kingdom  HIVdb 2007 the virology resistance test
database
[239] Cyprus IAS 200774 2003-2006 37 49 46 65 43 22 0 0 37 (<3 Newly diagnosed patients
and Shafer months) attending an AIDS clinic
2006%4
[241] Spain Stanford 2004-2007 261 379 111 475 111 76 23 05 09 261 Newly diagnosed patients
HIVdb attending the public hospitals
[242] Estonia IAS 200774 2005-2006 115 0 34 65 0 0 0 0 0 HIV patients including from a
prison
[243] Switzer- Shafer 20072 2000-2008 637 85 63 35 19 27 131 (< 12 506 Newly diagnosed HIV patients
land months)
[126] Western IAS 200774 2004-2006 500 54 68 38 32 0.8 Naive patients attending a
Europe clinic
[244] ltaly Shafer 2007%2 2004-2007 255 486 40 476 59 39 35 04 0 58 (<6 197 Newly diagnosed HIV-1
months) patients
[245] ltaly Bennett 1996-2007 1690 284 121 416 1561 11 6 4 3.4 Naive HIV patients from ARCA
2009246 database
[247] Russia Not reported  2007-2008 33 5 36 36 91 0 9.1 0 0 HIV-infected patients from two

Russian regions

(continue)
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Table 1. Summary of studies on transmitted drug resistance per continent (continued)

Asia
Ref. Region Methodology  Years of (n) HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling MSM IVDU HSX Any NRTI NNRTI PI MDR Recent (timeto New diagnosed
seroconversion) (time to
diagnosis)

[248] Japan Jennifer 1996-1998 21 17 16 10 O 1.0 0 HIV-1 patients from 17 hospitals
199724 in various parts of Japan

[250] Thailand ~ Los Alamos  2000-2001 22 0 0 0 0 0 ARV-naive pregnant woman
database

[251] Korea IAS 2000% 1998-2002 50 18 0 82 80 64 0 26 20 HIV-1-infected persons followed-

up at the national hospital

[252] Vietnam IAS and 2001-2002 200 425 6.5 45 2.0 randomly included HIV-1
ANRS, infected attending a HIV Center
versions not
reported

[253] Japan IAS 2000% 1999-2002 116 57 28 95 6.0 0.0 3.4 0 HIV-1-infected patients at their

initial consultation at a hospital

[254] India IAS and 2003 128 16 1.6 0 0 0 HIV-1 patients attending the
ANRS, outpatient clinic of a hospital
versions not
reported

[26] India Software 1999-2001 12 0 0 0 0 0 12 (< 4 months) Patients with recent HIV
included in infection
ViroSeq

[255] Cambodia ANRS 2003-2004 144 49 28 0.7 1.5 0 22 (< 1year)  Consecutive patients recruited
algorithm through voluntary counseling
Update Sept. and testing center and prenatal
2004 clinics

[256] Japan IAS 2006°1, 2003-2004 575 666 019 259 40 28 0.7 07 02 45 (< 1 year) 530 Newly diagnosed HIV cases
Stanford through surveillance of 8 AIDS
HIVdb240 clinical centers

[257] Malaysia  IAS 2005 2003-2004 100 57 10 O 1.0 0 0 60 (< 2 months), HIV-1 patients attending a HIV

10 (3-23 months), Clinic
13 (> 12 months)
[258] Hong Stanford 1995-2004 39 0 0 0 0 0 HIV-infected patients
Kong HIVdb

[259] China Stanford 2004 RT: 71 42 42 0 0 0 Patients from 4 midland
HIVdb Pl: 174 0 provinces of China

[260] China Stanford Unreported 91 8 44 11 0 3.3 0 Mostly chronically HIV-1-infected
HIVdb patients attending a hospital

[261] China Stanford 2005 40 100 15 100 125 0 7.5 patients recruited from the
HIVdb HIV-1 sero-positive MSM

management program
(continue)
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Table 1. Summary of studies on transmitted drug resistance per continent (continued)

Asia
Ref. Region Methodology  Years of (n) HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling MSM IVDU HSX Any NRTI NNRTI PI MDR Recent (timeto New diagnosed
seroconversion) (time to
diagnosis)
[262] Japan IAS 20055 1992-2004 54 111 19 3.7 5.6 0 People visiting STD-related
clinics
[263] Thailand IAS 20055 2003-2006 305 9 1 75 40 40 4.0 0 4.0 HIV patients attending HIV-
related medical care at a
hospital
[264] Thailand IAS 200774 Unreported 113 1.3 27 907 124 124 0 0 0 ARV-naive patients
[265] Thailand Shafer 20073 2005-2006 46 0 0 0 0 0 46 (< 12 months) Consecutive returning blood
donors at the Red Cross
National Blood Centre
[266] Vietnam Shafer 2007% 2006 49 20 20 2.0 0 2.0 Woman in their first pregnancy
and IAS fall attending antenatal clinics or
2006°" clients at voluntary counseling
and testing sites, who were <
25 years old
[267] Cambodia WHO HIV 2006-2007 67 65 15 15 15 0 1.5 Patients of the Medecins du
Drug Monde (40), French Red Cross
resistance (14) and pregnant woman (13)
database enrolled at a hospital
[268] Singapore IAS 200774 2006-2007 60 733 17 2383 17 O 1.7 0 0 60 (< 24 months) Recently infected patients
recruited from the outpatient
clinic at the CDC hospital
[269] China Stanford 2007 Subt 100 Patients infected through
HIVdb CRF_08BC 0 0 0 0 0 injection drug use.
32 15 15 0 0 0
CRF_07BC
67
[270] India Stanford 2005-2006 55 100 72 36 1.8 2.7 0 IDU recruited by field staff
HIVdb
Australia
Ref. Region Methodology  Years of (n) HIV risk factor (%) Resistance prevalence (%) Population Sampling of patients
sampling MSM IVDU HSX Any NRTI NNRTI PI MDR recent Newly diagnosed
(time to
diagnosis)
[271] Australia IAS 1998%  1992-2001 185 86.5 232 184 27 1.6 0 185 (< 13 days) Samples from a reference

Where several mutation lists were compared (in 3 studies), we used the prevalence numbers of the most recent IAS list.
IAS: International AIDS Society, USA; MSM: men who have sex with men; IVDU: intravenous drug users; HSX: heterosexual; NRTI: nucleoside reverse transcriptase inhibitor; NNRTI: nonnucleoside reverse transcriptase inhibitor; Pl: protease inhibitor;
ARV: antiretroviral; STD: sexually transmitted disease; PMTCT: preventing mother-to-child transmission; Any: at least one drug resistance mutation; MDR: multidrug resistance to at least two classes.

laboratory of newly acquired HIV



