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Abstract

Treatment failure and drug resistance create obstacles to long-term management of HIV-1 infection. Nearly 60%
of infected persons fail their first highly active antiretroviral therapy (HAART) regimen, partially because of
nonadherence, requiring a switch to a second regimen to prevent drug resistance. Among HIV-infected youth,
a group with rising infection rates, treatment switch is often delayed; virologic and immunologic consequences
of this delay are unknown. We conducted a retrospective, longitudinal study of drug resistance outcomes of
initial HAART in U.S. youth enrolled between 1999–2001 in a multicenter, observational study and experienc-
ing delayed switch in their first nonsuppressive treatment regimen for up to 3 years. HIV-1 genotyping was
performed on plasma samples collected longitudinally, and changes in drug resistance mutations, CD4� T cell
numbers and viral replication capacity were assessed. Forty-four percent (n � 18) of youth in the parent study
experiencing virologic nonsuppression were maintained on their initial HAART regimen for a median of 144
weeks. Drug resistance was detected in 61% (11/18) of subjects during the study. Subjects on non-nucleoside
reverse transcriptase inhibitor (NNRTI) regimens developed more (8/10) drug resistance mutations than those
on protease-inhibitor (PI) regimens (2/7) (p � 0.058). Subjects developing NNRTI-resistance (NNRTI-R), showed
a trend toward lower CD4� T cell gains (median: �6 cells/mm3 per year) than those without detectable NNRTI-
R (median: �149 cells/mm3 per year) (p � 0.16). HIV-1–infected youth maintained on initial nonsuppressive
NNRTI-based HAART regimens are more likely to develop drug-resistant viremia than with PI-based HAART.
This finding may have implications for initial treatment regimens and transmission risk in HIV-infected youth,
a group with rising infection rates.

545

Introduction

FIFTY PERCENT of newly diagnosed persons with HIV-1 in-
fection worldwide are youth, with an estimated 10.3 mil-

lion persons between the ages of 15 and 24 infected by 2005.1

In the United States, confidential name-based reporting from
33 states show that 14% (5132) of the 37,330 incident HIV/
AIDS cases reported in 2005 were in persons between the

ages of 13 and 25, and 40,000 were living with HIV-1.2 Suc-
cessful treatment of HIV-1 infection in youth is particularly
challenging because of the unique psychosocial issues of at-
risk and infected youth.3–5

Antiretroviral treatment failure and subsequent drug re-
sistance are major obstacles to the long-term management of
HIV-1 infection in youth, and have implications for trans-
mission and for the future of the HIV epidemic. HIV-1 in-
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fected youth receiving highly active antiretroviral treatment
(HAART) are reported to have low adherence, with rates be-
tween 29% and 50% reported in HIV-1–infected youth initi-
ating HAART.3,6 Their adherence rates are substantially
lower than the 90%–95% adherence rates reported for suc-
cessful long-term control of virus replication and the pre-
vention of drug resistance.3,7 In a U.S. study, 59% of youth
initiating HAART achieved clinically undetectable viral load
levels (VL) at week 24 of therapy compared to 80%–90% in
adult cohorts.4,8–11 Therefore, it is likely that a significant pro-
portion of youth starting HAART will experience virologic
failure and subsequent development of drug resistance. Fur-
thermore, the effect of virologic failure and drug resistance
may increase if the recommendation of maintaining the ini-
tial treatment regimen while improving adherence to ther-
apy in preparation for treatment switch is selected.12

The major drug classes for initial therapy in infected per-
sons include regimens that are either NNRTI- or PI-based.
While the efficacy of initial HAART is similar with NNRTI-
and PI-based regimens,4,8,12 the long-term persistence of
NNRTI-resistance variants in plasma,13 coupled with the
high likelihood of initial treatment failure in adolescents,
may need to be considered when selecting the major drug
class for initial therapy in infected youth. Moreover, the long-
term persistence of drug-resistant viremia may have impli-
cations for transmission given the rising rates of infection in
this group and the increasing overall rates of the transmis-
sion of drug-resistant HIV-1.14,15 Indeed, recent studies have
shown that NNRTI-R variants are the dominant drug-resis-
tant variants being transmitted in U.S. adult and pediatric
cohorts.16–19 In a recent study of the prevalence of drug re-
sistance in primary HIV-1 infection in youth, 18% had ma-
jor class drug resistant primary infection. The majority (80%)
had NNRTI-resistance, thereby excluding the use of NNRTI-
based treatment regimens for these youth.14 The extent of
drug resistance during first treatment failure and the poten-
tial adverse effects on CD4� T cells in youth have not been
studied and constitute an important gap in our understand-
ing of how to best treat youth and other populations at risk
for nonadherence to drug regimens. In this study, we ex-
amined, in the context of an observational U.S. study, the ex-
tent of delayed treatment switch, drug resistance, and im-
munologic effects of first HAART failure in youth.

Methods

Study population

This is a nested retrospective study conducted within Pe-
diatric AIDS Clinical Trial Group (PACTG) 381. PACTG 381
is an open-label longitudinal, observational study in which
youth ages 12–24 infected with HIV-1 through risk behav-
iors with limited to no antiretroviral exposure were starting
HAART between 1999 and 2001 and followed for up to 3
years. Immunologic data and treatment outcomes, but not
genotypic drug resistance outcomes on the cohort, have been
previously published.4,8 The subjects in our study therefore
consisted of individuals experiencing virologic failure in
whom longitudinal virologic and immunologic data were al-
ready collected, and for whom stored plasma samples were
available for drug resistance testing. Virologic failure here is
defined as patients who had the first of two consecutive mea-
surements of VL greater than 400 copies per milliliter after

a period of viral load suppression of at least 0.7 log10 lower
than pretreatment levels, and also control subjects are de-
fined as those who had no virologic suppression after 12
weeks on HAART. The performance of this retrospective
substudy on deidentified, stored plasma samples was ap-
proved by the Johns Hopkins Institutional Review Board.

Time points analyzed

Plasma samples were analyzed at the following time
points: at baseline or prior to initiation of HAART (T0); time
of virologic failure (T1); time after virologic failure (T2),
which corresponds to samples obtained every 12–24 weeks
after T1; and finally time of switch or treatment discontinu-
ation (T3).

Laboratory methods

Amplification and sequencing of HIV-1 gag-pol and as-
sessment of HIV-1 pol replication capacity. A region of HIV-1
gag-pol (HXB2 positions 2002 to 3495) was amplified from
plasma using a modification of a previously published
nested reverse transcriptase polymerase chain reaction (RT-
PCR) method.20,21 Briefly, 140 to 1000 �L of plasma was pel-
leted before viral RNA isolation for RT-PCR amplification of
a 1.5kb region of HIV-1 gag-pol. The PCR product was gel-
purified and ligated into the gapped green fluorescent pro-
tein (GFP ) tagged HIV-vector pNL4-3�E-GFP (supplied by
R.F. Siliciano) for subsequent use in a replication capacity
(RC) assay before being transformed into STBL-2 competent
cells (Invitrogen, Carlsbad, CA).20 Plasmid DNA from indi-
vidual clones were sequenced. Sequences were aligned in
Bioedit® (www.mbio.ncsu.edu/BioEdit/bioedit.html) and
cleaned for PCR-induced errors using CleanCollapse (avail-
able from S.C.R. at http://sray.med.som.jhmi.edu/SCRoft-
ware/CleanCollapse) to minimize template resampling.22

Application of the Akaike Information Criterion as imple-
mented in ModelTestVersion 3.7 identified the general time
reversible model with correction for invariant sites and 
�-distributed rate variation (GTR � I � �) as the best-fit phy-
logenetic model (parameters available on request). Phyloge-
netic analysis using a heuristic search algorithm (three ran-
dom-addition sequences with tree-bisection-reconnection
branch swapping) and bootstrap assessment (using the
neighbor-joining algorithm with 1000 permutations) was
performed using Nimble Tree Version 2.6 (available from
S.C.R. at http://sray.med.som.jhmi.edu/SCRoftware), and
PAUP* Version 4b10 (Sinauer Associates, Sunderland, MA).
Trees were visualized using Mega Version 3.23 The sequences
have been submitted to GenBank (Accession numbers:
EU346204–EU346359). The sequences were analyzed for sites
of known drug resistance mutations in reverse transcriptase
and protease (http://hivdb.stanford.edu).

Subject-derived HIV-1 pol sequences amplified from
plasma before and following the development of drug re-
sistance mutations were analyzed for HIV-1 pol replication
capacity (HIV-1 pol RC) using a previously published in-
house assay that uses the laboratory strain NL43 as the ref-
erence sequence.20 For those subjects in whom multiple dis-
tinct drug resistant clones were identified at a given time
point, the pol RC was represented as an average of the mea-
surements obtained. In subjects without detectable drug re-
sistance mutations in plasma, a clone with the consensus
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wild-type HIV-1 sequence per time point was selected for
pol RC analysis. To decrease variability, all assays were per-
formed using a single stock of reference wild-type NL43.
Changes of more than 5% from pretreatment levels were 
considered qualitatively different.

Statistical analysis

Drug resistance mutations were identified and the subjects
were subdivided into two groups based on the presence or
absence of NNRTI-R mutations. The distinction made for
analyses were as follows: NNRTI-R included any mutations
conferring NNRTI resistance, and NNRTI-S class included
lack of mutations at NNRTI-R sites. Statistical analyses were
performed on the changes in viral load and in CD4�, CD8�

naïve, and memory T cells and activated CD8� T cells from
pretreatment levels. The viral load and immunologic data
used for these analyses were performed in the parent trial
and included analyses of CD4 62L/45RA, CD8 62L/45RA,
CD4 45RO/45RA and CD8 38/DR as previously reported.4

To adjust for different follow-up times, slopes per year were
calculated as the difference in each outcome between the pre-
treatment measure and the measurement closest to and be-
fore antiretroviral treatment discontinuation, divided by
time on treatment. Wilcoxon signed rank tests were used to
test for changes within groups. Between-group comparisons
were done using Wilcoxon rank sum tests and Fisher’s ex-
act tests for continuous and categorial data, respectively. All
calculations were done using the Statistical Analysis System
(SAS; version 9.0; SAS Institute, Cary, NC).

Results

Subject characteristics

Table 1 summarizes the demographic, virologic, and im-
munologic characteristics and initial antiretroviral treatment
regimens for the 18 subjects. These 18 subjects, cared for at
eight U.S. PACTG 381 participating sites, represent nearly
44% (18/41) of the youth experiencing virologic nonsup-
pression on initial HAART who also had virologic data out
to week 24. Eight of the 49 subjects with virologic failure did
not have available virologic data through week 24 and were

therefore not included in the study. However, among the 41
evaluable subjects with week 24 data, 23 (56%) patients met
the virologic criteria for our study. Plasma samples were un-
available on 4, and in 1 subject plasma virus was not ampli-
fied.

Ten (56%) of the 18 subjects were started on NNRTI- and
8 on PI-based HAART. The median viral load before HAART
initiation was similar in both groups (4.9 log10 HIV-1 RNA
copies per milliliter), and the median initial CD4� T cell
count was 354 and 235 cells/mm3 (p � 0.409) for the NNRTI-
and PI-treated groups, respectively. The median duration of
maintenance of the nonsuppressive regimen was 101.6 weeks
(39 to 208 weeks) for the NNRTI-treated and 46 weeks (16
to 144 weeks) for the PI-treated group. This difference was
not statistically significant (p � 0.138).

Genotypic drug resistance patterns in youth maintained
on their first nonsuppressive HAART

Baseline Drug Resistance Patterns. The drug resistance
mutations present at baseline and during treatment failure
are summarized in Table 2. HIV-1 pol was successfully am-
plified at baseline from 17 of the 18 subjects and longitudi-
nally on all 18. A median of 10 HIV-1 pol clones (range 4 to
18) were analyzed per time point on each subject, providing
a total of 188 RT sequences and 232 protease sequences for
assessing the extent of genotypic drug resistance in the co-
hort. Phylogenetic analysis confirmed patient specificity and
the diversity of the viral variants examined (data not shown).
This analysis showed temporal clustering of the sequences
with sequences derived from the earlier visits clustering
closer to the root of the tree, a pattern consistent with for-
ward virus evolution as a result of nonsuppressive therapy
(data not shown).

Of the 17 subjects in whom HIV-1 pol was successfully am-
plified from pretreatment samples, 88% (15/17) had wild-
type, drug-sensitive HIV-1. Drug-resistant virus was de-
tected in two subjects. One patient (#5) had the thymidine
analogue resistance mutations (TAMS) D67N and K219Q
present at baseline and another (#14) the PI-drug resistance
mutation L90M. None of the subjects had NNRTI-resistant
virus detected at baseline.
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TABLE 1. DEMOGRAPHIC, TREATMENT, IMMUNOLOGIC, AND VIROLOGIC CHARACTERISTICS AT STUDY ENTRY

NNRTI (n � 10) PI (n � 8)
[Median (range)] [Median (range)] p value

Age 19.8 (18.0–21.5) 20.1 (16.7–21.7) 0.827c

Gender (M/F) 4/6 6/2 0.188d

Race (Ba/Hb) 9/1 3/5 0.043
Antiretroviral treatment 101.6 (40.5–212.0) 46.0 (16.2–149.7) 0.138c

Duration (weeks)
CD4 at start of HAART 354 (10–600) 235 (48–528) 0.409c

(cells/mm3)
CD4% at start of HAART 19.0 (3.0–44.0) 12.5 (5.0–34.0) 0.514c

VL at start of HAART 4.9 (4.1–5.7) 4.9 (4.0–5.5) 0.965c

log10 HIV-1 RNA (copies/mL)

aB, Black.
bH, Hispanic (regardless of race).
cWilcoxon rank sum test.
dFisher’s exact test.
NNRTI, non-nucleoside reverse reverse transcriptase inhibitor; PI, protease inhibitor.
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Drug resistance patterns during nonsuppressive therapy
among NNRTI- and PI-treated adolescents. Drug resistance
mutations to the major class of drugs were more commonly
detected in the NNRTI-treated subjects than those on PI-
based HAART (p � 0.058), with NNRTI-resistance (NNRTI-
R) developing in 8 of the 10 (80%) NNRTI-treated subjects.
The K103N resistance mutation was detected first and was
dominant in 7 of the 8 subjects (88%). This mutation per-
sisted as the dominant replicating plasma HIV-1 variant for
up to 208 weeks (median 144 weeks; range, 48–208 weeks;
Table 2). Additionally, 50% of the subjects (4/8) maintained
on nonsuppressive NNRTI-based therapy developed other
NNRTI-R mutations over the study period. These mutations
included V106I (patient #7), V108I (patient #3), P225H (pa-
tient #1), and M230L (patient #8) substitutions, which accu-
mulated with the K103N mutation and subsequently became
the dominant plasma variant (Table 2). 

In contrast, in the PI-treated group, the one subject (pa-
tient #14) who had the L90M mutation present at baseline
maintained viremia with the L90M variant throughout the
study period without the development of additional muta-
tions. Among the remaining 7 subjects in the PI-treated
group, only 2 (29%) subjects developed drug resistance mu-
tations. In the first subject (patient #15), the D30N mutation
was detected at 60 weeks post-HAART and was not present
at the 24-week time point. This mutation profile was later re-
placed with variants having the D30N and N88D mutations
at week 144. In the second subject (#12), the PI-resistance mu-
tation was not detected at week 12 at the time of virologic
failure but was subsequently detected at week 48 and re-
mained dominant in the plasma through week 84 of study.
The remaining 5 subjects had no detectable plasma viremia
with PI resistant variants for up to 144 weeks of study treat-
ment.

Patterns of nucleoside reverse transcriptase inhibitor mu-
tations. Thirty-three percent (6/18) of the youth developed
the lamivudine-associated resistance mutation (M184V): four
(#1, 8, 9, 10) in the NNRTI- and two (#12, 15) in the PI-treated
group. This mutation was detected at a median of 24 weeks
(range, 12–36) of nonsuppressive therapy and was present
with the major class mutation in most subjects (5/6). TAMS
were only detected in the one subject (#5) who had TAMS
detected at baseline, and in this subject, additional TAMS de-
veloped over 120 weeks of study (Table 2). 

Drug resistance mutations and immunologic outcomes. In
order to assess the association between the acquisition of
NNRTI-R and virologic and immune outcomes, we com-
pared rates of change in viral load, naïve and memory CD4�,
CD8� and CD8�/CD38�/HLA-DR� T cell numbers be-
tween the 8 subjects who developed NNRTI-R mutations and
the 10 subjects without NNRTI-R variants (NNRTI-S). Sub-
jects with NNRTI-R had a trend towards lower total CD4�

T cell gains (median counts of �6 cells/mm3 per year) 
than subjects without NNRTI-R (median counts of �149
cells/mm3 per year), although this difference was not sta-
tistically significant (p � 0.161; Fig. 1). Similar trends were
observed for the CD4� T cell gains when analyzed by treat-
ment class, with the median CD4� T cell count of �148.5
cells/mm3 per year for the PI-treated and �6 cells/mm3 per
year for the NNRTI-treated group (p � 0.101). Analysis of

naive and memory CD4� and CD8� T cell subsets revealed
no statistically significant differences in median slopes be-
tween those with and without NNRTI-R. Similarly, no dif-
ferences in median slopes in CD8�-activated T cells were ob-
served in NNRTI-R versus NNRTI-S subjects. Overall, there
were no differences in the viral load slopes when analyzed
by NNRTI-R or by treatment class with the overall change
in log 10 HIV-1 RNA of �0.05 and �0.27 for NNRTI-R and
NNRTI-S, respectively (p � 0.364).

Analysis of changes in HIV-1 pol replication capacity be-
fore and during nonsuppressive HAART in HIV-1–infected
youth. To assess the association between the acquisition of
NNRTI-R and replication capacity (RC), we compared base-
line HIV-1 pol RC with changes during ongoing virus repli-
cation on nonsuppressive HAART. Samples were analyzed
on 16 of the 18 subjects at baseline, and longitudinally in 14
subjects. In four subjects (#8, #11, #13, and #17), not all of the
HIV-1 pol clones were functional in the RC assay, preclud-
ing longitudinal analysis. For the 14 subjects with wild-type
HIV-1 infection at baseline, the pol RC ranged from
21%–183%; median 69% (Fig. 2A). With the development of
NNRTI-R, the changes in pol RC were variable ranging from
�33% to �60% with a median change of �3.3% from base-
line. However, with the acquisition of PI-R mutations, a de-
cline in pol RC (median of �88%; range, �39% to �144%)
from pretreatment levels was observed in both subjects 
(Fig. 2B).

Discussion

In this study of HIV-1–infected youth experiencing initial
HAART failure, we found that nearly 44% of subjects expe-
riencing virologic failure were maintained on the initial non-
suppressive HAART regimen for a median of 144 weeks. In
assessing the drug resistance patterns that ensued in this pa-
tient cohort, we found that the development and accumula-
tion of drug resistance mutations among NNRTI-treated
youth were more likely than among PI-treated youth. Sub-

HIV-1 DRUG RESISTANCE IN INFECTED YOUTH 549

NNRTI-R NNRTI-S

C
D

4 
co

un
t c

ha
ng

e 
pe

r 
ye

ar

40
0

20
0

0
-2

00

FIG. 1. CD4� T cell slopes (cells/mm3 change per year) by
presence or absence of non-nucleoside reverse transcriptase
inhibitor (NNRTI) resistance.



jects with NNRTI-drug resistance also exhibited a trend, al-
though not statistically significant, toward lower CD4� T cell
gains compared to those maintained on nonsuppressive PI-
based HAART. In addition, we found that with the acquisi-
tion of NNRTI-R mutations, HIV-1 pol RC was more likely
to remain at or above patient-derived wild-type levels while
the acquisition of PI-resistant variants led to markedly lower
HIV-1 pol RC levels. Our study finding of lower rates of drug
resistance development in youth failing initial PI-based reg-
imens as compared to youth failiing NNRTI-based regimens
is similar to data obtained from homeless adults by Bangs-
berg et al.24 In homeless persons failing NNRTI- or PI-based
HAART, PI-treated subjects had fewer detectable resistance
mutations than NNRTI-treated persons. Also, 69% of the
NNRTI-treated subjects had detectable NNRTI-R compared
to only 23% with PI resistance mutations in the PI-treated.24

The unexpected overall lack of accumulation of TAMS or
PI resistance mutations detectable in plasma in our study
may be due to the decay of drug-resistant variants from
plasma due to the loss of drug-selective pressure from non-
adherence or may represent a slower pace of accumulation
of non NNRTI-R mutations.25,26 With the restriction of our
analysis to plasma samples, we cannot exclude that our
study subjects acquired PI-resistance or variants with TAMS
that were subsequently archived in cellular populations. 
Interestingly, this relative lack of TAMS in plasma during
initial HAART failure has also recently been reported in
Ugandan patients with virologic nonsuppression on NNRTI-
based regimens.27 The notion of maintaining patients with
virologic failure on a nonsuppressive regimen rather than
discontinuing therapy is in part supported by studies in
adults and children showing continued CD4� T cell gains
despite rebound viremia on PI-based regimens.28–30 In our
study, we found that HIV-1–infected youth who had sus-
tained NNRTI-R viremia during treatment failure tended to
have lower CD4� T cell gains than those harboring wild-type

virus or drug resistance mutations to either NRTI or PI
classes. This trend requires further study.

The limitations of this study include the small sample size
restricting the ability to reach statistical significance, the lack
of timed drug levels to assess drug exposure, and the lack
of cellular samples to look for archived virus. Similarly, the
direct effect of developing resistance mutations to NNRTIs
or PIs cannot be distinguished from other effects induced by
the drugs used for treatments such as the potential for PIs
to inhibit apoptosis that might lead to less immunologic de-
cline.31,32 Furthermore, the use of nelfinavir in most of the
study subjects may limit generalizability of the findings to
the newer PI-based HAART regimens that may be more for-
giving with respect to the selection of drug resistance.33 Ad-
ditionally, although we attempted to adjust for time on
HAART by dividing by time on treatment, the difference in
time on the treatment regimen, although not statistically dif-
ferent, may be a potential confounder.

Moreover, while in PACTG 381, youth experiencing viro-
logic failure maintained high levels of CD8� naïve T levels,8

we found no meaningful differences in the CD8� T cell naïve
slopes to suggest differences in thymic output as an expla-
nation for the observed lower CD4� T cell gains.34 Addi-
tionally, there were no differences in immune activation be-
tween the two groups of youth as a possible explanation for
the observed CD4� T cell trends.35

The rapid selection of NNRTI-R mutations has been re-
ported in adults for whom NNRTI-based therapy failed36–39

and even in women and infants receiving single dose 
nevirapine for prevention of mother-to-child transmis-
sion.16,37,40,41 Similarly, the long-term persistence of plasma
viremia with NNRTI-R variants has also been reported when
NNRTI-R arises during treatment failure or is acquired dur-
ing primary infection.13 However, the demonstration of these
findings in HIV-1–infected U.S. youth has not previously
been reported and not only adds to our knowledge, but has
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FIG. 2. Replication capacity at baseline for subjects infected with drug-resistant and wild-type HIV-1 (A) and change in
pol RC as a function of initial treatment class and by the presence or absence of antiretroviral class resistance (B).



important implications for treatment and for the transmis-
sion of drug resistant HIV-1 in a population with increasing
rates of infection including primary drug-resistant infec-
tion.15

In conclusion, this study of HIV-1 drug resistance in U.S.
youth experiencing delayed treatment switch while on non-
suppressive HAART showed that those failing initial PI-
based HAART were less likely to maintain plasma viremia
with variants resistant to the major drug class. In addition,
those failing PI-based HAART were more likely to experi-
ence a non-statistically significant trend toward better CD4�

T cell gains than those failing initial NNRTI-based HAART.
While strategies such as directly observed therapy and cell
phone reminders have been shown to be effective in en-
hancing medication adherence among youth that will likely
impact on drug resistance outcomes in youth receiving
HAART, these strategies are not routinely incorporated into
care of HIV-1 infected persons.42,43

Given the high rates of treatment failure in youth, the po-
tential for delay in antiretroviral treatment switch, and the
risk of transmission of drug-resistant variants in this popu-
lation, additional knowledge of the rates and consequences
of treatment failure for youth receiving NNRTI and PI-based
initial HAART will be important for guiding initial and suc-
cessive treatment strategies for this high risk group.
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