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Abstract:
Background: Resistance against antiretroviral drugs in
previously untreated HIV-infected persons is of
growing relevance. The aim of the study is to deter-
mine the prevalence of resistance-associated muta-
tions in this patient group.
Methods: In a prospective multicenter-study in Nord-
rhein-Westfalen, Germany, genotypic resistance test-
ing was performed in untreated HIV-positive pa-
tients before administration of first-line highly active
antiretroviral therapy (HAART).
Results: Between January 2001 and August 2002 resis-
tance testing was performed in 184 therapy-naive in-
dividuals. HAART was initiated in 143 patients, who
were included into the study. 70.6% were males,
mean age was 39 years, mean duration of diagnosis
of HIV-infection was 1.5 years. The proportion of
cases at CDC stage C was 45.4%, mean CD4-cell
count was  199 /ml, mean viral load was 206,855
copies/ml. Resistance-associated mutations were de-
tected in 20 patients (14.0%). 10.5% showed muta-
tions indicating nucleoside reverse transcriptase in-
hibitor- (NRTI) resistance (M41L, E44D, D67N,
T69D/N, L74V, V118I, M184V, L210W, K219Q),
2.8% showed non-nucleoside reverse transcriptase
inhibitor (NNRTI) resistance (K103N, V108I,
Y181C), and 2.1% showed protease-inhibitor- (PI)
associated resistance (V82A, L90M), respectively.
Multi-class-resistance was found in 2.1%, mutations
indicating revertant variants of resistant strains were
found in 4.2% (T215C/E/L/S). 86.7% of the iso-
lates showed secondary mutations in the protease
gene. No significant difference in the distribution of
the parameters age, sex, duration of HIV diagnosis,
CDC stage, CD4-cell count, and viral load, between
groups with and without resistance was identified.
Conclusion: The prevalence of primary resistant virus
strains can be estimated at 14% in chronically infect-
ed HAART-naïve HIV-patients in Germany. The ma-
jority of these cases show NRTI-associated resis-
tance. Resistance against NNRTI or PI as well as
multi-class-resistance is of low prevalence. No risk
factor of predictive value can be identified for the di-

agnosis of resistance mutations in the individual. In
conclusion, routine genotypic resistance testing in
untreated HIV-positive patients should be performed
before administration of first-line HAART in this re-
gion.
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INTRODUCTION

Despite documented efficacy of highly active antiret-
roviral therapy (HAART) of HIV infection, viral rep-
lication cannot be suppressed successfully in a sub-
stantial proportion of patients [5]. One major reason
for this is the development of resistance-associated
mutations. These tend to be common in treated HIV
patients, as demonstrated in the “HIV Health Cost
and Utilization Study in the US”. Phenotypical resis-
tance was found in half of the analyzed population
and in almost 80% of persons with inefficient
HAART [27].

Resistance against antiretroviral drugs in previous-
ly untreated HIV-positive patients is of growing rele-
vance in the last years. It is defined as primary resis-
tance and was demonstrated for seroconverters in a
number of countries in North America and Europe
[8, 13, 18, 22, 25, 26]. These data are strong evidence
for the fact that resistant virus is transmissible [14].
Although many virus strains develop reversion to
wild type in the absence of drug selective pressure
[31], it has been shown that resistance may persist
for years even without the presence of drugs [6, 23].
Accordingly, mutated virus could be isolated in
chronically HIV-infected patients years after sero-
conversion in different countries with varying preva-
lence between 2 and 29% [4, 9, 15-17, 19, 29, 30]. As
routine resistance testing before first application of
HAART has not been implemented in clinical rou-
tine [2], antiretroviral treatment may have reduced
potency in patients having contracted resistant virus.
To avoid this, clinicians should know the prevalence
of mutated HIV in their own region. Up to now,
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there is insufficient data on HIV primary resistance
in chronically infected HIV-patients in Germany.
Thus, the aim of this study was to characterize 
the prevalence of drug resistant HIV in this popula-
tion at the time point of first HAART administra-
tion.

METHODS

In a prospective multicenter study in Nordrhein-
Westfalen, Germany, genotypic resistance testing was
performed in HIV-1-infected patients before first
application of HAART. In this region HIV-incidence
accounts for about 21% of the cases of the whole
country [3]. The study received approval by the local
institutional review board. Patients were treated in 3
out-patient-units at university clinics, 2 ambulances
of regional hospitals, and in 5 private practices. All
study centers are specialized for the treatment of
HIV-patients.

Inclusion criteria were documented HIV-1-infec-
tion, both physician´s and patient´s decision for initi-
ation of HAART, and informed consent. Exclusion
criteria were previous intake of antiretroviral drugs
and non-willingness to participate. The following
baseline parameters were documented: Age, sex,
route of HIV-transmission, duration of HIV-diagno-
sis, CDC-stage of disease, CD4-cell count, and viral
load.

Genotypic resistance testing was performed in the
institute of Virology, University of Köln, Germany.
Viral RNA was isolated from patient plasma using
QIAamp viral RNA mini kit (Qiagen, Hilden,
Germany) according to the manufacturer´s protocol.
Reverse Transcription and polymerase chain reaction
(PCR) were carried out using OneStep RT-PCR kit
(Qiagen, Hilden, Germany) and primers 1RES, 
5'-GAAGAAATGATGACAGCATGTCAGGG-3'
(nt 1,819-1,844) and 2RES, 5'-TAATTTATTACTT
GTTCATTTCCTCCAAT-3' (nt 4,173-4,202). Nested
PCR was carried out with HotStarTaq (Qiagen, Hil-
den, Germany) and the following inner primer pair:
RES3, 5'-AGACAGGCTAATTTTTTAGGGA-3' (nt
2,074-2,095) and RES4, 5'-ATGGYTCTTGATAAA
TTTGATATGTCC-3' (nt 3,559-3,585). The 1.5 kbp
PCR product was purified by using the QIAquick
spin PCR purification kit (Qiagen, Hilden, Ger-
many). Population based sequencing of the HIV-1
pol  region was done by using the ViroSeq HIV-1
Genotyping System sequencing module (Applied
Biosystems, Foster City, CA, USA). Extension prod-
ucts were purified using MultiScreen purification
plates (Millipore, Bedford, MA, USA) and Sephadex
G-50 superfine (Amersham Biosciences, Upsala,
Sweden) and were run on an ABI Prism 310 capillary
sequencer. Sequence data were generated from raw
data files by using Sequencing Analysis v3.4 (Applied
Biosystems, Foster City, CA, USA). The obtained se-
quences were assembled and edited by using the
ViroSeq HIV-1 Genotyping software v2.5 (Applied
Biosystems, Foster City, CA, USA). Interpretation
and classification for clinical significance of novel
variants was performed according to current guide-
lines [1, 10]. Resistance-associated mutations were

subdivided by their biological relevance: Mutations
resulting in resistance against nucleoside reverse
transcriptase inhibitors (NRTI), non-nucleoside re-
verse transcriptase inhibitors (NNRTI), protease-in-
hibitors (PI), and multi-class-resistance in cases with
involvement of at least 2 of these groups. Further-
more, mutations indicating revertant variants of re-
sistant strains were regarded as significant. These
isolates (T215C/E/L/S) have been associated with
reduced virological efficacy of HAART, although
phenotypically sensitive [11, 20]. Secondary PI-
mutations were recorded, but not regarded as signifi-
cant.

The statistical analysis was performed with the
help of SPSS, release 8.0. Subgroups with and with-
out resistance were compared. For the parameters
age, duration of HIV-diagnosis, CD4-cell count, and
viral load Wilcoxon rank sum test was used. For the
parameters sex and CDC-stage two-sided Fisher´s
exact test was used. The comparison of resistance
frequency between the study population and exclud-
ed patients was done with Fisher´s exact test. P-val-
ues of <0.05 were considered as significant.

RESULTS

Between January 2001 and August 2002 a genotypic
resistance test was performed in 184 HIV-positive
HAART-naive patients. 143 individuals entered the
study by initiation of therapy, the baseline character-
istics of these are listed in Table 1. The 41 remaining
patients did not start a HAART regimen after resis-
tance testing because of individual wish or physicians
advice, so that they were excluded from further eval-
uation.

The study consisted of a predominantly male pop-
ulation of a mean age of 39 years with mostly 
homosexual and heterosexual transmission mode
and manifest immunosuppression as well as high me-
dian viral load. 24.5% of the individuals carried 
a non-B-subtype of HIV-1. In 20 patients resistant
isolates were identified (14.0%). The specification 
of the individual mutations including association to
substance groups is shown in Table 2. The majority
of resistance-associated mutations was found 
for NRTI, resistant strains regarding the other sub-
stance groups and multi-class resistance were un-
common.

To test for differences between the subgroups
with and without resistance, the distribution of base-
line characteristics was compared. The result is dem-
onstrated in Table 3. There was no significant differ-
ence between the two groups in terms of age, sex,
duration of diagnosis, CDC-stage, CD4-cell count,
and viral load, respectively. Moreover, the frequency
of CDC-stage C versus non-C was compared
between the 2 groups. Corresponding to the previ-
ous results, no significant difference was identified
(p=0.86). The comparison of frequencies of resis-
tance between the study population and excluded pa-
tients was also analyzed. Although the proportion of
overall resistance was higher in the study population
(14.0% versus 4.9%), this difference did not reach
statistical significance (p = 0.171).
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Table 2. distribution of mutations.

n % mutations

All patients 20 14.0

NRTI-mutations 15 10.5 M41L, E44D, D67N, T69D/N, L74V, V118I, M184V, L210W, 
K219Q

NNRTI-mutations 4 2.8 K103N, V108I, Y181C

PI-primary mutations 3 2.1 V82A, L90M

Revertants 6 4.2 T215C/E/L/S

Multi-class resistance 3 2.1 mutations in at least 2 classes

PI-secondary mutations 124 86.7 L10F/I/V, G16E, K20M/R, L33F, M36I, L63P, H69Y,
A71T/V, V77I, I93L

Table 3. Comparison of subgroups.

Resistance + Resistance - p-value

Patients 123 (86 %) 20 (14 %)

Age (mean) 40.5 40.0 0.47

Sex male 15 (75.0 %) 86 (69.9 %) 0.79

female 5 (25.0 %) 37 (30.1 %)

Duration of HIV diagnosis (mean years) 1.3 1.6 0.99

CDC stage A 5 (25.0 %) 29 (23.6 %) 0.86

B 5 (25.0 %) 39 (31.7 %)

C 10 (50.0 %) 55 (44.7 %)

CD4-cell count (mean /µl) 180 202 0.75

Viral load (mean c/ml) 201,597 207,711 0.81

Table 1. Patients´ characteristics.

% SD*

Patients all 143 100

Age mean 39 9.6

Sex male 101 70.6

female 42 29.4

Duration of HIV diagnosis mean years 1.5 3.4

Transmission route homosexual 66 46.2

heterosexual 32 22.4

endemic region 16 11.2

i.v.-drug use 5 3.5

blood products 3 2.1

unknown 21 14.6

CDC stage CDC A 34 23.8

CDC B 44 30.8

CDC C 65 45.4

CD4-cell count mean 199 190

Viral load mean 206,855 219,664

* SD: Standard deviation



DISCUSSION

Several studies addressed the problem of resistance
against antiretroviral drugs in previously untreated
HIV-positive patients. Interpretation of the results is
conflicting because of heterogeneity. Different time
periods, resistance assays and patient populations
make comparisons difficult. Especially the period of
inclusion is of relevance, because of the rapid evolu-
tion of antiretroviral treatment. Many compounds
have been introduced into clinical routine during the
last 5 years. Thus, historical analyses may not reflect
today´s reality. Moreover, contemporary data are rare
with only few studies on patients who were included
after the year 2000 [12, 15, 18, 25, 32, 34]. In this in-
vestigation we studied the prevalence of primary
drug resistance in 2001 and 2002. Moreover, in the
discussion about primary resistance it is important to
define the clinical situation of data acquisition. We
included chronically HIV-infected patients at the
time point of HAART initiation. These patients, usu-
ally presenting with advanced stage of disease, are
much more common in daily practice than HIV-sero-
converters, who were studied in the majority of cited
investigations.

The population of this study was characterized by
a mean age of 39 years, it consisted of predominantly
male persons with homosexual transmission route.
Mean CD4-cell count and viral load as well as clinical
staging indicated mostly advanced stage of disease.
Thus, the analyzed patient group may be regarded as
representative with a distribution of baseline charac-
teristics well-known from daily clinical practice and
epidemiological data [3]. The mean duration of HIV-
diagnosis was 1.5 years. This is a small period in the
light of the advanced stage of HIV-infection in the
majority of patients, probably having progressed to
immunosuppression without knowledge of own se-
rostatus. Prescription of HAART is indicated in
these patients according to current guidelines [35].

We found a prevalence of resistance-associated
mutations of 14% in treatment naïve HIV-patients
before initiation of first-line HAART. The compari-
son of groups with and without resistance revealed
similar baseline characteristics. Thus, no individual
risk factor for primary resistance could be identified.

The results are consistent with older data from
Italy [25], Switzerland [36], and Spain [24].
Contemporary epidemiological facts from different
European countries seem to be comparable to the
German situation. For example, the prevalence of re-
sistance against NRTI in seroconverters is 14.7% in
Italy [32] and 12.3% in Germany [13]. The preva-
lence of resistance against NRTI in chronically in-
fected patients is 7.8% in Italy [25], 14.0% in
Belgium [12], 10.5% in this study, and 7.6% in sever-
al European countries [34]. The prevalence of resis-
tance against PI in chronically infected patients is
2.5% in Belgium [12], 2.1% in this study, and 1.6% in
the other European countries [34]. On the one hand,
despite differing parameters like sampling and inves-
tigational period the results indicate comparability.
On the other hand, it is known that in these coun-
tries the proportion of transmission types and the

prevalence of non-B-subtypes vary significantly. This
makes interpretation of the data difficult, as baseline
characteristics in the regions are different.

It should be emphasized that also in one of the
Italian studies patient inclusion was defined for the
time point of initiation of HAART [25]. This is a
well-defined clinical situation, but was used for inclu-
sion into epidemiological studies only rarely. Thus,
the design of this trial makes comparability for fu-
ture investigations more feasible. 

The majority of mutations were identified in the
NRTI-encoding regions with resistance especially
against d4T, AZT, and 3TC. These NRTI were the
first to be used for therapy in a large subset of pa-
tients. As they still play an important role in nowa-
day´s HAART, these results are of substantial clinical
relevance, as prescription of standard combination
therapy may be ineffective in these individuals. It has
been demonstrated in a study in the USA, that pri-
mary resistance may have impact on the rate of viro-
logical success of first-line treatment [22]. Thus, the
prevalence of resistance-associated mutations in this
study has to be regarded as similarly relevant. Only a
small proportion of subjects had virus resistant
against NNRTI or PI. This is a hint for HIV-acquisi-
tion in the period before widespread use of these
substance groups. The latter is emphasized by the
high proportion of advanced CDC-stage in the study
population.

It is known that resistance-associated mutations for
PI and to a lesser extent for NRTI and NNRTI may
revert to wild-type in the absence of drug pressure.
One of the reasons is a reduced replicative capacity of
these virus strains in comparison to wild-type HI-
virus. This makes interpretation more complicated
because resistant variants may not disappear com-
pletely but persist as proviral DNA in sanctuary sites
[28]. In a situation of drug re-exposure, these minor
variants may have evolutionary advantage and emerge
to become the predominant variant again. Thus, resis-
tance attributable to these groups may be under-esti-
mated by our data. In contrast to this, subgroup anal-
ysis revealed no significant difference of time of HIV-
diagnosis, CDC-stages, CD4-cell count, viral load, as
well as other baseline characteristics between the
groups with and without resistance. These facts make
substantial reversion to wild-type virus after transmis-
sion unlikely, because in this case further progressed
clinical stages should be over-represented in the
group without primary resistance.

The majority of detected NRTI-mutations confer
high-level cross-resistance in their substance group.
This fact and the high prevalence prompt the conclu-
sion, that NRTI-resistance is the most important
finding of this study. The impact of NNRTI- and PI-
resistance seems to be a minor problem. The rele-
vance of revertant isolates may also be lower than
NRTI-resistance, but the presence of these muta-
tions can lead to virological breakthrough, as shown
in vivo in clinical trials [11, 20]. The frequency of
these mutations is low in 2001 and 2002, as demon-
strated in this study. Fortunately, with 2.1% multi-
class-resistance was rare in this study. PI-secondary
mutations, although common, do not play an impor-
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tant role in the evaluation of primary resistance, as
they do not need drug pressure for development and
do not confer high-level resistance in vivo.

Future developments in primary resistance are un-
predictable, as several studies found an increase of
prevalence [7, 21, 30], whereas other studies demon-
strated the contrary [15, 17]. Mathematical models of
time trends estimate an increase of prevalence [7].
Moreover, the predominance of NRTI-mutations
may be due to longer availability of this drug class. It
is not clear which trend the frequency of NNRTI-
and PI-mutations will show. These aspects make fur-
ther epidemiological studies with longitudinal design
necessary.

Resistance in untreated patients is caused by trans-
mission of mutated virus. In order to prevent acqui-
sition of resistant virus, it is important to reduce de-
velopment of resistance in treated patients. The
HCSUS-study demonstrated the enormous dimen-
sion of this problem [27]. In this context adherence
is one of the major factors and should be enhanced
as much as possible. By improvement of adherence,
treatment failure of HAART as well as transmission
of resistance can be prevented. Thus, not only the in-
dividual but also the population at risk may have
benefit from improvement of HAART efficacy.

Primary HIV drug resistance is a problem of sig-
nificant public health impact [33]. Based upon our
observations, three conclusions should be drawn.
First, the relatively high prevalence of primary resis-
tance in the study region makes continuing surveil-
lance of this phenomenon necessary. Second, no pa-
rameter of predictive value can be identified for the
diagnosis of resistance mutations in the individual.
Third, routine resistance testing should be per-
formed before initiation of first-line HAART.
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