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Background. In Israel, !0.06% of the general population is infected with human immunodeficiency virus
(HIV), with a much higher prevalence among specific groups. These groups are distinguished demographically by
risk behavior category and by virus subtype. We investigated transmission of drug resistance within groups to
assess the impact of these factors.

Methods. Plasma samples from 115% of all patients with new diagnoses of HIV infection were randomly
collected between June 1999 and June 2003. Sequences from 176 drug-naive patients included 20 of subtype A,
20 of subtype AE, 2 of subtype AC, 29 of subtype B, 100 of subtype C, and 5 of subtype F.

Results. Major drug resistance mutations (protease: L90M; reverse transcriptase: M41L, K103N, V106M,
M184V, Y181S, G190A, L210W, T215Y/F, and K219R) were detected in 1 subject with A subtype, 3 with subtype
B, and 9 with subtype C. In addition, 1 subject with A subtypes, 2 with subtype B, and 10 with subtype C had
secondary mutations (protease: M46I; reverse transcriptase: A98G, K101Q, and V108I). Only 1 patient had mu-
tations associated with 11 class of drugs. Among subjects who contracted HIV infection in Israel, 16 of 56 (1 of
7 with subtypes A or AE, 4 of 17 with subtype B, and 11 of 32 with subtype C; ) carried resistantP p .7–1.0
virus—a significantly higher proportion ( ) than in subjects infected in other countries (10 of 120 infected).P ! .001

Conclusions. Drug-resistant virus was detected in 14.8% of patients with new diagnoses of HIV infection but
in 28.6% of patients known to have been infected in Israel. The implications include a need for pretreatment
resistance testing and for better programs aimed at prevention of transmission, directed particularly at patients.
We did not find significant differences in transmission of resistant virus between those infected with subtypes B
and C, despite the different demographic background. A conclusive analysis and interpretation should await a
more extensive study.

Transmission of drug resistance from treatment-expe-

rienced patients to newly infected persons has been

observed repeatedly in countries with access to anti-

retroviral therapy [1–11]. Reports in the literature sug-

gest that 8%–30% of people who contract HIV infec-

tion in Europe or the United States acquire a virus with

drug resistance–conferring mutations [12–14] (re-

viewed in [15]). The transmission of drug-resistant
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strains increases despite all prevention efforts, raising

major public health concerns [16]. The clinical man-

agement of patients who have never been exposed to

therapy may be unfavorably affected [17–20].

Although the incidence of HIV infection in Israel is

relatively low (47 cases per million persons in 2000)

[21], the prevalence is much higher among particular

groups. Most of the infected patients or their parents

contracted the virus in other countries. Infected im-

migrants had come from many parts of the world. Con-

sequently, most of the circulating subtypes and recom-

binants can be found in various proportions. The major

groups are the following: Israeli citizens of Ethiopian

origin, who account for only 1.7% of the total popu-

lation [22] but contribute 45.4% of all new HIV/AIDS

cases diagnosed [21]; injection drug users who recently
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immigrated from the former Soviet Union, where a large epi-

demic among injection drug users broke out in the late 1990s

[23]; and men who have sex with men, usually infected in Israel

or in other Western countries. These 3 groups can be clearly

distinguished demographically, by risk behavior category and by

virus subtype. Cross-infection between groups is very rare. The

general availability of antiretroviral treatment in Israel leads to

transmission of resistant virus among members of each group.

We investigated the frequency of drug-resistant HIV infection

among drug-naive patients within the different groups.

METHODS

Clinical specimens and database. Samples obtained from

drug-naive patients selected at random by the treating physi-

cians between June 1999 and June 2003 were sent for genotypic

analysis to the National HIV Reference Laboratory (NHRL; Tel-

Hashomer, Israel). Participating physicians from the different

national AIDS health care centers sent all patients who arrived

for follow-up visits during the relevant period without further

selection. The treatment center laboratories determined plasma

HIV RNA levels and CD4+T cell counts. Demographic infor-

mation (including date and place of birth, date of immigration

to Israel, and presumed locale where infection was acquired),

together with the current CD4+ cell counts and HIV RNA levels,

were provided by the participating physicians on standardized

forms along with the samples and were stored in an anonymous

database at the NHRL. Subtype identification was based on

comparing the polymerase sequence with consensus sequences

from the Stanford public database (http://hivdb.stanford.edu)

[24–26]. Several sequences documented in the present study

are shared with SPREAD, a scientific surveillance program sup-

ported by the European Commission [27] (authors’ unpub-

lished data).

HIV-1 RNA extraction and sequencing. Extraction and ge-

notyping of viral RNA were performed as described elsewhere

[28].

Statistical analysis. Clinical data and individual mutation

frequencies were compared across patient groups by the x2 test

and Fisher’s 2-tailed exact test. A mutation summary score was

computed for each of the 3 groups of drugs by adding the

number of mutations present. The mutation summary scores

were compared across patient groups with the Wilcoxon rank

sum test.

Phylogenetic analysis. Phylogenetic relationships of newly

derived viral sequences were estimated from comparisons with

previously reported representative HIV-1 isolates. These are

listed in figure 1. The comparison was made by use of the

CLUSTAL W profile alignment option. The sequences were

aligned according to their nucleotides (nucleotides 2262–2549

and 2659–3290 of HXB2 [GenBank accession number K03455]

of the protease amino acids 4–99 and reverse transcriptase

amino acids 38–248, respectively). A tree was drawn by the

TreeView program.

RESULTS

Screening of HIV-infected patients. HIV/AIDS case manage-

ment is done in 7 regional AIDS centers in Israel. Testing for

HIV by ELISA is available on request, free of charge. In ad-

dition, all new immigrants from Ethiopia aged 19 years are

screened for HIV infection on arrival. Systematic screening is

done in jails and for some military recruits [21]. Regional lab-

oratories and the blood services perform ELISA testing for HIV

antibodies. All samples positive by ELISA are forwarded to the

NHRL for confirmation by Western blot analysis. Confirmed

cases are reported back to the medical source of specimen and

to the AIDS Department in the Ministry of Health, where the

data are stored in a National Register. About 300 new patients

were given a diagnosis of HIV infection each year during the

study period.

Because no systematic screening for resistance is done in

Israel, samples from patients with new diagnoses were collected

at random by participating physicians at the HIV treatment

centers and sent to the NHRL. Plasma samples were collected

from patients coming for a second consultation, together with

plasma used to determine baseline CD4+ cell counts and viral

RNA. All samples received at NHRL by July 2003 were geno-

typed and were included in the study. The participating phy-

sicians sent all patients who arrived for follow-up during the

relevant period without further selection. These constituted be-

tween 12% (large centers) and 60% (small centers) of all pa-

tients who were given diagnoses at the participating health care

centers (5 of 7) during the study period. The donors made up

115% of all patients with new diagnoses between June 1999

and June 2003. Distribution of risk groups in the collected

samples was in accordance with the prevalence of these groups

in the population of infected patients during these years (58%,

24%, and 10% heterosexuals, injection drug users, and men

who have sex with men, respectively, in the study samples, and

62%, 25%, and 13% in the total population; ); 51% ofP p 1

the study patients were of Ethiopian origin, compared with

50% in the total population ( ).P p 1

Patients and sample classification. Sequences were ob-

tained from a total of 178 drug-naive patients. These included

42 with A subtypes (20 with subtype A, 20 with AE, and 2 with

AC), 29 with subtype B, 100 with subtype C, and 5 with subtype

F (table 1). Samples from 2 patients did not amplify and were

excluded from this study.

Most of the patients had recently been given a diagnosis of

HIV infection (median, 3 days since confirmation by positive

result of a Western blot assay). All 5 patients with subtype F

were born and infected in Argentina. Most of the patients with

A subtypes (79%) came from the former Soviet Union—in



Figure 1. Phylogenetic trees of protease and reverse-transcriptase genes of drug-naive patients given diagnoses of HIV infection in Israel. Sequences
of Israeli patients were compared with reference sequences from the Los Alamos database: A subtypes from Belarus (A/97BL006; GenBank accession
number AF193275), B (HIV-1Lav-1; GenBank accession number K02013), C from Israel and South Africa (C 98IS002 and C.ZA.1069MB; GenBank accession
numbers AF286233 and AY585268, respectively), D from Kenya (D.ML415-2-1997; GenBank accession number AY322189), H isolated in Belgium (H.V1997;
GenBank accession number AF190128), and J isolated in Sweden (J.SE9280; GenBank accession number AF082394). The sequences were aligned
according to their nucleotides (protease: amino-acids 4–99; reverse transcriptase: amino acids 38–248). A tree was drawn by the TreeView program.
The figure shows a phylogenetic analysis of the reverse transcriptase sequences of patients with HIV subtypes A (A) and of protease sequences of
32 patients with subtype C known to have been infected in Israel (B). The multiple infections involving families of epidemiologically linked viruses is
depicted in the cluster of injection drug users who immigrated from the former Soviet Union infected with HIV subtype A and CRF01_AE (A); a chain
of transmissions originating from a common source is evident in B: patients 333, 386, 400, 427, and 487. The latter patients received their diagnoses
at 4 different centers during the last year of the study, 2 of them were diagnosed before seroconversion; no independent information regarding a
common source or any other connection between these patients exists.
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Table 1. Demographic characteristics of newly HIV-infected drug-naive patients in Israel.

Factor

Subtype P

A
(n p 42)a

B
(n p 29)

C
(n p 100) A vs. B B vs. C A vs. C

Sex 1.001 1.001 .1
Male 64 76 43
Female 36 24 57

Risk group 1.001 1.001 1.001
Injection drug users 76 21 2
Heterosexuals 14 21 87
Men who have sex with men 7 48 …
Mother-to-child transfer … … 9
Other 3 … 2
Not available … 10 …

Locale where infection was acquired !.001 .001 .216
Israel 14 55 30
Abroad 43 31 51
Not available 43 14 19

Age, years NS NS NS
Mean � SEM 33.35 � 1.38 30.13 � 3.06 31.85 � 1.40
Median 31.3 32.4 31.0

Time since first Western blot, months NS NS NS
Mean � SEM 0.60 � 0.17 1.21 � 0.56 1.07 � 0.24
Median 0.1 0.0 0.1

HIV RNA, copies/mL 0.7 0.5 0.2
Mean � SEM 185,668 � 34,850 299,123 � 87,947 496,291 � 198,387
Median 36,700 89,000 93,500

Log10 HIV load NS NS NS
Mean � SEM 5.27� 4.52 5.48 � 4.94 5.70 � 5.30
Median 4.54 4.95 4.97

CD4+ cell count, cells/mL NS NS NS
Mean � SEM 454 � 64 310 � 52 424 � 90
Median 483 289 264

NOTE. Data are percentage of patients, unless otherwise indicated. The x2 test was used to compare clinical data. NS, not significant.
a Twenty patients with subtype A, 20 patients with subtype AE, and 2 patients with subtype AC.

particular, the Ukraine; 43% of patients with A subtypes are

known to have been infected in the former Soviet Union, for

43% the country of infection was not available, and 14% were

infected in Israel. Most patients with subtype B were born and

infected in Israel (59% and 55%, respectively) and in the former

Soviet Union (34% and 21%, respectively). For 14% of patients

with subtype B, the country of infection was not known, and

the rest (10%) were infected in various Western countries. Most

patients with subtype C, or their parents, were born in Ethiopia

(92%), and a few were born in the former Soviet Union (3%),

Israel (2%), India, and Africa; 51% of patients with subtype C

were infected in Ethiopia, and 30% were infected in Israel; for

19%, the locale where infection was acquired was unknown.

Demographic data varied between the 3 groups in a number

of additional parameters: sex, age, and mode of infection (table

1). HIV loads and CD4+ cell counts at diagnosis were similar

for the 3 groups, and although the average HIV load was lower

and CD4+ cell count higher among patients with A subtypes,

the differences did not reach statistical significance (table 1).

Resistance-associated mutations and polymorphisms.

Twelve patients—1 with an A subtype (2% of all with A sub-

types), 3 with subtype B (10% of all with B), and 9 with subtype

C (9% of all with C), or 7% of the total—had major (primary)

mutations, which included the protease N88D (2 patients with

subtype C) and L90M (1 with subtype C) or different com-

binations of reverse-transcriptase mutations, including M41L

(1 with subtype B), K103N/T (1 with an A subtype, 1 with

subtype B, 2 with subtype C), V106M (1 with subtype C),

M184V (1 with subtype B), G190A (1 with subtype C), L210W

(1 with subtype B), T215Y/F (1 each with subtype B and subtype

C) or K219R (1 with subtype B). In addition, 14 patients, 1

with an A subtype (2%), 2 with subtype B (7%), and 11 with



Table 2. Frequencies of drug resistance–conferring mutations in samples obtained from drug-naive patients
in Israel.

Gene, mutation

Patients infected with subtype

Patients with
subtype C infected

in Israel vs. other patients
with subtype C

A
(n p 42)a

B
(n p 29)

C
(n p 100)

Israel
(n p 32)

Others
(n p 68) P

Protease
Major mutations

M46I … 7 4 3 4 NS
N88D … 3 3 3 1 NS
L90M … … 1 3 … NS

Minor mutations
L10V 7 3 8 13 7 NS
K20R 12 7 12 16 10 NS
L33F … 10 1 … 1 NS
L63P 34 59 44 56 39 NS
A71T 2 21 1 … 1 NS
V77I 10 21 2 … 3 NS
V82I 2 … 4 13 1 .007

Otherb

M36I 90 10 98 73 97 .552
I93L 76 3 89 59 90 .749

PR score,c no including 36 and 93,
average no. of mutations per patient 0.67 1.31 0.8 1.1 0.7 .01

Reverse transcriptase
Thymidine-associated mutations

M41L … … 2 3 … NS
D67N … … … … … …
K70E/R … … 2 … 3 NS
L210W 2 3 … … … NS
T215F/Y … 3 1 … 1 NS
K219R … 3 … … … NS

NRTI-associated mutations and
polymorphisms

E44D … … 6 16 3 .02
A62V 15 … 2 2 3 NS
K70E/R … … 2 … 3 NS
F77L 2 … … … … NS
F116I … 3 2 … 3 NS
V118I … … 2 … 3 NS
Q161K … … 1 3 … NS
M184V … 3 … … … NS

NRTI,c average no. of
mutations per patient 0.02 0.07 0.11 0.16 0.09 0.5

NNRTI-associated mutations
A98G … … 6 19 … 1.001
K101R … … 7 16 3 .02
K103N 2 3 2 6 … .09
V106M … … 1 3 … NS
V108I 2 … 1 … 1 NS
V179I 17 … 4 6 4 NS
Y181S … … 1 … 1 NS

(continued)
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Table 2. (Continued.)

Gene, mutation

Patients infected with subtype

Patients with
subtype C infected

in Israel vs. other patients
with subtype C

A
(n p 42)a

B
(n p 29)

C
(n p 100)

Israel
(n p 32)

Others
(n p 68) P

G190A … … 1 3 1 NS
F227Y 2 … … … … NS

Otherb

A98S 2 10 26 25 29 .5
NNRTI,c including A98S,

average no. of mutations per patient 0.22 0.03 0.22 0.35 0.1 .005

NOTE. Data are percentage of patients with mutation. For clarity, only mutation frequencies of �1% are shown (empty
spaces in the table represent 0 occurrence of the mutation in the tested samples). In addition to significant difference in the
frequency of M36I and I93L between patients infected with B and non-B subtypes, significant differences were found in the
frequency of protease K20R in patients infected with subtype B vs. C ( ), A71T in patients infected with B vs. non-BP ! .04
subtypes ( ), V77I in patients infected with B vs. A subtypes ( ) or C subtypes ( ); and reverse transcriptaseP ! .001 P p .04 P p .002
A62V in patients infected with subtypes A vs. B ( ) or C ( ), A98S of patients infected with subtypes A vs. CP p .02 P ! .009
( ) and V179I in patients infected with A vs. non-A subtypes ( ). Clinical data and individual mutation frequenciesP p .001 P p .01
were compared across patient groups by x2 test and Fisher’s 2-tailed exact test. NNRTI, nonnucleoside reverse-transcriptase
inhibitor; NRTI, nucleoside reverse-transcriptase inhibitor; NS, not significant.

a Twenty patients with subtype A, 20 patients with subtype AE, and 2 patients with subtype AC.
b Protease mutations M36I and I93L are present in almost all non-B variants as part of the structure of the wild type non-B

virus; reverse transcriptase mutation A98S is prevalent in patients infected with subtype C.
c A mutation summary score was computed for each group of drugs by adding the number of mutations present, not including

36 and 93. The mutation summary scores were compared across patient groups with the Wilcoxon rank sum test.

subtype C (11%), 8.2% of the total, had different secondary

(minor) mutations, including the protease M46I (2 with sub-

type B and 4 with subtype C) or the reverse transcriptase A98G

(4 with subtype C), K101Q (1 with subtype C), V108I (1 with

an A subtypes and 1 with subtype C), and Y181S (1 with

subtype C). Other minor mutations and polymorphisms, which

have been documented previously to exist in subtypes other

than B [28–32], irrespective of treatment, are shown in table

2. One patient with subtype C had protease L90M plus reverse

transcriptase A98G and K101R); 1 patient with subtype B had

M184V plus L210W plus T215Y (table 3).

Resistance in drug-naive patients infected in Israel.

The frequency of resistance mutations varied between patients

who were infected in Israel and those infected in countries

where treatment is not generally available.

Because immigrants from Ethiopia are screened for HIV in-

fection on arrival, the locale where they were infected is well

documented. Place of infection is not as completely docu-

mented for the others. Fifty-six patients are known to have

been infected in Israel (7 with HIV A subtypes, 17 with subtype

B, and 32 with subtype C), and 74 are known to have been

infected outside of Israel; for 46, information is not available.

Patients with subtype C infected in Israel received the diagnosis

on average 10.7 years (median, 11 years) after their arrival, 9

of them during the acute stage of infection. Genotyping was

done either immediately after diagnosis or within 13 months

of their positive result of Western blot testing (median, 1.3

months). The mean HIV RNA level (�SEM) was 904,182 �

copies/mL (median, 197,500 copies/mL; range, 3980–710,791

18,000,000 copies/mL), and the mean CD4+ cell count (�SEM)

was cells/mL (median, 280 cells/mL). The mean time480 � 226

after immigration to Israel that patients with subtype C had

HIV infection diagnosed 0.7 years (median, 0.5 years); their

mean HIV RNA level (�SEM) was copies/318,189 � 84,439

mL (median, 197,500 copies/mL), and the mean CD4+ cell

count (�SEM) was cells/mL (median, 251 cells/mL).411 � 97

No significant differences in HIV RNA levels and CD4+ cell

counts were found between the patients with subtype C infected

in Israel and those infected in the country of origin (mainly

Ethiopia).

During the study period (June 1999 to June 2003), an in-

crease in the spread of resistance was not observed. In the 4

study years, 10, 3, 7, and 6 patients, respectively, had viruses

with resistance-conferring mutations. Overall, the differences

were not significant.

Frequencies of resistance-conferring mutations correlated

with the place where infection was acquired: higher frequencies

were seen in patients infected in Israel, particularly in patients

with subtype C, who acquired nonnucleoside reverse-transcrip-

tase inhibitor–associated mutations. Among those who con-

tracted HIV in Israel, 10 (17.9%) of 56 (1 of 7 with A subtypes,

3 of 17 with subtype B, and 6 of 32 with subtype C; P p
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Table 3. Major and strong minor resistance-conferring mutations in patients HIV-infected in Israel versus others.

Type of
mutation,
subtype

Patient
no.

Place of
acquisition of

infection
PI-associated

mutation
NRTI-associated

mutation(s)
NNRTI-associated

mutation(s)

Other mutations and
polymorphisms

Protease
Reverse

transcriptase

Major
A 457 NA … … K103T M36I, L63P, I93L R211S
B 706 Israel … F116I, K219R … L63P R211K

76 Israel … M184V, L210W,
T215Y/F

… L10V, L63P …

38 Israel … … K103N M36I …
C 83 Israel N88D … … M36I, L63P, I93L A98S

297 Abroad N88D … … M36I, I93L A98S
406 Israel L90M … A98G, K101R L10V, M36I, L63P, I93L …
237 Israel … … G190A M36I, I93L E44G, A98S,

V179I
300 Israel … M41L, E44D … M36I, L63P, I93L …
373 Abroad … T215Y … M36I, A71T, I93L …
400 Israel … E44D A98G, K103N,

V106M
M36I, L63P, I93L E44A

328 Israel … … K103N L10I, M36I, I93L A98S
Minor

A 451 Abroad … … V108I M36I R211S
B 84 NA M46I … … L63P …

312 Israel M46I … … K20R, M36I …
C 77 Israel M46I … … K20I, M36I, I93L …

111 Abroad M46I … … L33F, M36I …
337 Abroad M46I … … M36I, I93L …
416 Abroad M46I … K101R M36I, L63P, I93L R211K
333 Israel … … A98G, K101R M36I, L63P, I93L …
356 Israel … … A98G, K101R M36I, L63P, I93L …
427 NA … … A98G, K101R M36I, D60E, L63P, I93L …
487 Israel … … A98G M36I, D60E, L63P, I93L R211K
507 Israel … … K101Q M36I, L63V, I93L …
281 Abroad … … V108I K20R, M36I, L63T, I93L A62V, A98S
472 Abroad … … Y181S M36I, L63T, I93L …

NOTE. NA, not available; NNRTI, nonnucleoside reverse-transcriptase inhibitor; NRTI, nucleoside reverse-transcriptase inhibitor; PI, protease inhibitor.

) carried virus with major resistance mutations, a signif-0.7–1

icantly higher proportion ( ) than the proportion in-P ! .001

fected in other countries (3 [2.5%] of 120). Six patients infected

in Israel (10.7%) carried strong minor mutations, compared

with 7 (5.8%) of 120 infected elsewhere or with an unknown

place of acquisition of infection (table 3).

Phylogenetic analyses of the patients’ sequences was done in

comparison with 7 reference strains from HIV-1 group M from

the Los Alamos sequences database [33] by use of the CLUSTAL

W [34] profile alignment option. As seen in figure 1, 2 kinds

of transmission chains are apparent: multiple infections in-

volving families of epidemiologically linked viruses (e.g., the

cluster of injection drug users emigrating from the former So-

viet Union infected with HIV subtype A and CRF01_AE; figure

1A); and a chain of transmissions originating from a common

source (e.g., subtype C patients no. 333, 386, 400, 427, and

487; figure 1B). The latter patients were given diagnoses at 4

different health care centers during the last year of the study,

2 of them before seroconversion; no independent information

regarding a common source or any other connection between

these patients exists.

DISCUSSION

We did not find significant differences in transmission of re-

sistant virus between the groups infected with subtype B and

subtype C. The rate of transmission of resistant virus within a

group reflects the proportion of HIV carriers under antiret-

roviral treatment, the proportion of treated patients engaged

in risky behavior, and factors such as adherence to treatment.
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Differences among the 3 groups could have been expected,

reflecting differences in behavior and adherence to treatment

associated with the diverse demographic characteristics and cul-

tural backgrounds of these patients, but these factors act in a

complex manner. For example, depending on the degree of

nonadherence to treatment, these patients may or may not carry

more resistant viruses than do adherent patients. Therefore, the

similarity in transmission of resistance between groups may

result from mutual cancellation of opposite effects. Alterna-

tively, it may indicate that cultural and socioeconomic differ-

ences may be less confounding than presently thought when

analyzing heterogeneous populations. A conclusive interpre-

tation should await a more extensive investigation.

Our estimates of resistance in drug-naive patients in Israel

are conservative, incorporating only major and strong minor

resistance-conferring mutations. In the Stanford database [24],

these mutations are found among drug-naive patients in fre-

quencies of 0 to 0.6% only. Three of the 4 patients with subtype

C harboring M46I as the only strong minor resistance mutation

were infected abroad, suggesting that this mutation in patients

with subtype C might have arisen without drug selection pres-

sure [28]. However, in the Stanford database, the frequency of

this mutation in drug-naive patients is !0.2% for patients with

either subtype B or subtype C.

We found drug-resistant virus in 26 (14.8%) of 176 recently

infected patients. Of those who did not carry resistance-con-

ferring mutations, at least 55% were infected in countries where

drug treatment was not available (Ethiopia and the former

Soviet Union). Of the 56 patients known to have been infected

in Israel, 16 (28.6%) had virus harboring resistance-conferring

mutations (major for 10 patients and strong minor for 6; table

3). This is 2.6-fold higher ( ) than the frequency (11.1%)P ! .001

recently reported in Europe (the CATCH Study) [27, 35]. To

what extent the difference is the result of more complete treat-

ment coverage in Israel, a higher rate of risky behavior, and/

or partial adherence remains to be determined.

Our finding of drug-resistant viruses in a significant pro-

portion of newly infected patients implies that many HIV-in-

fected persons receiving HAART continue to engage in risk-

related behavior. The public health implications of this include

the need to intensify programs directed at such patients that

address prevention of transmission.

Our results regarding the spread of drug-resistant virus in

Israel support the rationale behind the guidelines recommen-

dation for testing of all recently infected patients for drug re-

sistance [20]. Indeed, testing for genotypic resistance before

initiation of therapy has been found in a US study to be cost-

effective when the rate of primary resistance exceeds 4% [36].

Our data show considerable baseline drug resistance in patients

with newly diagnosed HIV infection who were infected in Israel.

Pretreatment resistance testing should thus be the standard of

care for all persons who were recently infected either in Israel

or in other countries where HAART is available to the general

public. The primary purposes of such early resistance testing

would be to help select appropriate treatment regimens for the

individual patient and to keep track of the spread of drug-

resistant viruses.
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