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There are few data on the persistence of individual human
immunodeficiency virus type 1 (HIV-1) transmitted drug re-
sistance (TDR) mutations in the absence of selective drug
pressure. We studied 313 patients in whom TDR mutations
were detected at their first resistance test and who had a sub-
sequent test performed while ART-naive. The rate at which
mutations became undetectable was estimated using expo-
nential regression accounting for interval censoring. Most
thymidine analogue mutations (TAMs) and T215 revertants
(but not T215F/Y) were found to be highly stable, with
NNRTI and PI mutations being relatively less persistent.
Our estimates are important for informing HIV transmis-
sion models.

Keywords. persistence; transmitted; HIV-1; resistance; mu-
tations.

In Europe around 10% of antiretroviral-naive patients are in-
fected with drug-resistant human immunodeficiency virus type
1 (HIV-1), that is, transmitted drug resistance (TDR) [1].
Because HIV infection is thought to be characterized by a
single or narrow spectrum of viruses from the donor, wild-type
viral variants are unlikely to coexist with drug-resistant vari-
ants, unlike the selection of resistance during treatment. There-
fore, the observed rate at which TDR mutations become
undetectable (“lost”) is likely to be multifactorial, depending on

the number of back mutations required, the relative fitness of
mutant and back-mutated viruses, the rate of viral turnover, the
presence of compensatory mutations, and the sensitivity of the
sequencing assay for detecting low level variants [2–5].

Several studies have reported data on the loss and persistence
of TDR mutations; however, the number of patients included
in these studies have been small [3, 6]. One larger study (75 pa-
tients) quantified the rate of loss of TDR mutations for groups
of mutations and found that non-nucleoside reverse transcrip-
tase inhibitor (NNRTI) and protease inhibitor (PI) mutations
were lost at a similar slow rate, with a statistically nonsignificant
trend toward a higher rate of loss of thymidine analogue muta-
tions (TAMs) and T215 revertants [2]. However, no study has
systematically examined and compared the persistence of indi-
vidual TDR mutations

METHODS

Study Population and Definitions
ART-naive patients (both acute/early infection and unknown
duration of infection), aged 16 years or older, with TDR muta-
tion(s) detected at their first resistance test (performed between
04/1997 and 09/2009) and who had subsequent resistance test
(s) while ART-naive, were identified from the UK HIV Drug
Resistance Database [7]. Population sequenced (which detects
viral variants above a frequency of 15%–25%) genotypic resis-
tance tests of the pol gene were analyzed. The genetic similarity
of the sequences from the initial and subsequent resistance tests
were compared to exclude super-infection and to check that the
samples derived from the same patient. TDR was defined as the
presence of ≥1 mutations from the surveillance drug resistance
mutations list [8]. Viral subtype was assigned using the REGA
algorithm. Demographic and clinical information was acquired
by linkage to the UK Collaborative HIV Cohort Study and the
UK Register of HIV Seroconverters [7].

Data Analysis
All analyses were carried out in Stata version 12.0 (StataCorp,
College Station, Texas). The rate at which mutations became
undetectable (“lost”) was examined using survival models ac-
counting for interval-censored censoring, that is, the exact time
the mutation is lost is known only to occur between the last re-
sistance test that detected the mutation and the first test
without the mutation (intcens command in Stata). Although a
Weibull model indicated a decreasing hazard (results not
shown), the parameters from this model lack direct interpreta-
tion without knowledge of individuals’ dates of infection [2].
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We therefore present estimates from the exponential (constant
hazard) model; although the data contradict the constant
hazard assumption, the estimates can be interpreted as the
average rate of loss of mutations following their identification
in ART-naive patients during chronic infection.

Mutations with individual frequencies ≥10 (and T215F)
were analyzed individually, and those with lower frequencies
were grouped by drug class, with the exception of T215 rever-
tants, which were grouped together. An additional analysis
examined the effect of patient-level factors on the rate of loss of
mutations (accounting for individual mutations), including
CD4 cell count and viral load at the first resistance test, viral
subtype, first test within 18 months of infection, the number
of mutations detected at first test, and whether the mutation
was “pure” or part of a mixture. All analyses accounted for mul-
tiple mutations at the first resistance test by allowing for
within-individual correlation. Finally, we conducted sensitivity
analyses removing patients with M184V, those with non-B
subtype, and CD4 <200 cells/mm3 at the first resistance test, as
these factors increase the likelihood that a patient had prior un-
recorded ART exposure.

RESULTS

A total of 313 patients were included in the analysis. Subjects
were mainly, but not exclusively, homo/bisexual men infected
with a subtype B virus (Table 1). For only a few patients (47;
15%) was the first resistance test known to have been conducted
within 18 months of infection. 59% of patients had a single mu-
tation detected at their first test; 27% and 6% had mutations
conferring resistance to two and three ART classes, respectively.
Of the total 717 TDR mutations detected at the first resistance
test, 147 (21%) were present as a mixture (92 with wild-type
amino acid alone, 37 with a non-TDR mutation alone, 18 with
both). Most patients (279; 89%) had only one resistance test fol-
lowing the initial test which detected TDR mutations and
before starting ART; the median (interquartile range [IQR]) in-
terval between tests was 40 (10–96) weeks.

Rate of Loss of Individual TDR Mutations
The overall rate of loss of mutations was 18 (95% confidence in-
terval [CI], 14–23) per 100 person-years of follow-up (PYFU),
although the rate varied considerably for individual mutations
(Table 2). Within drug class, NRTI mutations showed the most
variation in persistence (heterogeneity P < .001). As expected,
M184V was lost rapidly at a rate of 71 (95% CI, 34–149) per
100 PYFU. M41L was commonly observed and highly persis-
tent (rate of loss 8 (95% CI, 4–15) per 100 PYFU), and a
similar low rate of loss was seen for other TAMs (D67N,
L210W, and K219Q/N); however, K70R appeared to be lost
more quickly. There was also a rapid transition of T215F and
T215Y to one of the T215 revertants, but the revertants

themselves were highly stable with a rate of loss of 5 (95% CI,
3–11) mutations per 100 PYFU. Consequently, there was a
large number of T215 revertants at the initial resistance test.

There was no statistically significant difference in the rate of
loss of NNRTI mutations (heterogeneity P = .1); K103N was
the most common NNRTI mutation, with a rate of loss of 18
(95% CI, 10–34) mutations per 100 PYFU. NNRTI mutations
appeared to be lost more quickly than most TAMs (M41L,
D67N, L210W, and K219Q/N) and the 215 revertants (P < .001
for both comparisons). L90M was the most common PI muta-
tion, with a rate of loss of 12 (95% CI, 5–31) mutations per 100
PYFU. However, there was little variation in the rate of loss

Table 1. Description of Study Population and Initial Resistance
Test

N (%) or Median (IQR)

No. of patients 313

Gender
Male 220 (70)

Female 22 (7)

Unknown 71 (23)
Exposure source

Homo/bisexual 187 (60)

Heterosexual 24 (8)
Other (including 1 injecting drug user) 13 (4)

Unknown 89 (28)

CD4 at first test (cells/mm3)a 427 (268, 545)
Viral load at first test (log10 copies/mL)b 4.6 (4.0, 5.1)

Subtype

B 248 (79)
Non-B 42 (13)

Not classified 23 (7)

First test within 18 mo of infectionc

No or unknown 266 (85)

Yes 47 (15)

No. of mutations in first test
1 185 (59)

2 59 (19)

3 23 (7)
≥4 46 (15)

No. of patients with

≥1 NRTI mutation 204 (65)
≥1 NNRTI mutation 120 (38)

≥1 PI mutation 74 (24)

No. of patients with resistance to
1 class 212 (68)

2 classes 83 (27)

3 classes 18 (6)

Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range.
a Within 90 days before/after resistance test, N = 217.
b Within 90 days before/after resistance test, N = 238.
c First resistance test within 18 months of HIV-negative test in patients with
≤18 months between HIV-negative and HIV-positive tests.
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across PI mutations (heterogeneity P = .6), with a rate of loss
similar to that of most of the NNRTI mutations. Sensitivity
analyses removing patients with M184V (n = 34), those with
non-B subtype (n = 42), or patients with CD4 < 200 cells/mm3

at the first resistance test (n = 29) resulted in slightly lower ab-
solute rates of TDR mutation loss but did not materially affect
comparisons within and between drug classes.

Predictors of the Rate of Loss of TDR Mutations
In multivariate analysis, there was no clear effect on the rate of
loss of TDR mutations of CD4 cell count (P = .5) or viral load
(P = .2) at the first resistance test, recent infection (P = .3), or
the number of mutations detected at the first test (P = 1.0).
A statistically significant higher rate of loss was seen with non-
B subtype infection than subtype B infection (adjusted hazard
ratio = 2.8, 95% CI, 1.2–6.3, P = .01), and also, as expected,
if the TDR mutation at the first resistance test was present as

a mixture (adjusted hazard ratio = 6.8, 95% CI, 4.2–11.2,
P < .001).

DISCUSSION

By including patients with unknown duration of infection as
well as those identified during acute/early infection, this is the
largest study to date to provide quantitative estimates of the
persistence of individual TDR mutations. Wide variability in
persistence was observed for NRTI mutations in particular,
highlighting the need to be careful when grouping mutations
for the purposes of analysis. In a recent study of patients with
acute/early infection all TAMs were combined for analysis, but
we found marked variation within this group of mutations,
with T215F/Y and K70R being lost more rapidly than other
TAMs [2]. However, T215 revertants were highly persistent,
consistent with the fitness advantages associated with this

Table 2. Rate of Loss of TDR Mutations

Mutation
No. of mutations at
first resistance test

No. (%) of mutations which
became undetectable

Rate of loss (95% CI)
(per 100 PYFU)

Median time to
loss (years) (95% CI)

All 717 171 (24) 18 (14–23) 3.9 (3.0–5.0)
Any NRTI 401 90 (22) 15 (11–21) 4.6 (3.3–6.4)

M41L 77 11 (14) 8 (4–15) 8.6 (4.6–16.0)

D67N 27 4 (15) 12 (4–33) 6.0 (2.1–16.9)
K70R 14 7 (50) 38 (17–83) 1.8 (.8–4.0)

M184V 34 16 (47) 71 (34–149) 1.0 (.5–2.0)

L210W 25 6 (24) 14 (6–33) 4.8 (2.1–11.2)
T215Y 25 13 (52) 41 (20–84) 1.7 (.8–3.4)

T215F 9 4 (44) 58 (15–224) 1.2 (.3–4.6)
T215 revertants 106 9 (8) 5 (3–11) 13.0 (6.6–25.7)

K219Q 25 2 (8) 4 (1–19) 15.8 (3.6–70.0)

K219N 12 2 (17) 15 (3–72) 4.6 (1.0–22.4)
All other NRTIa 47 16 (34) 22 (12–38) 3.2 (1.8–5.6)

Any NNRTI 154 37 (24) 25 (17–38) 2.7 (1.8–4.1)

K103N 73 12 (16) 18 (10–34) 3.7 (2.0–6.8)
Y181C 20 10 (50) 54 (26–113) 1.3 (.6–2.7)

G190A 17 4 (24) 19 (6–56) 3.6 (1.2–15.5)

All other NNRTIb 44 11 (25) 27 (13–54) 2.6 (1.3–5.3)
Any PI 162 44 (27) 21 (14–31) 3.3 (2.2–4.9)

M46L 16 5 (31) 22 (8–59) 3.1 (1.2–8.4)

I54V 16 5 (31) 21 (8–50) 3.3 (1.4–7.8)
V82A 16 3 (19) 13 (5–39) 5.1 (1.8–14.8)

I84V 10 3 (30) 20 (5–76) 3.4 (.9–12.9)

L90M 32 5 (16) 12 (5–31) 5.8 (2.2–15.3)
All other PIc 72 23 (32) 28 (17–46) 2.5 (1.5–4.1)

Abbreviations: CI, confidence interval; NRTI, nucleoside reverse transcriptase inhibitors; NNRTI, non-NRTI; PYFU, person-years of follow-up; PI, protease inhibitors;
TDR, transmitted drug resistance.
a K65R(3), D67E(1), D67G(6), T69D(7), 69 insertion(T)(1), K70E(1), L74I(3), L74 V(3), V75A(2), V75M(2), V75 T(2), Y115F(1), Q151M(1), M184I(2), K219E(6), K219R(6).
b L100I(3), K101E(9), K101P(3), K103S(4), V106A(2), V106M(4), Y181 V(1), Y188L(8), G190E(2), P225H(5), M230L(3).
c L24I(2), D30N(2), V32I(3), M46I(8), I47A(1), I47 V(1), G48 V(4), I50 V(2), F53L(6), I54A(2), I54L(3), I54 T(2), G73S(6), G73 T(2), V82F(2), V82L(9), V82S(1), V82 T(4),
N83D(2), I85 V(6), N88D(3), N88S(1).
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evolutionary pathway [9]. M184V was lost rapidly, although at
a lower rate than reported by Jain et al [2], possibly reflecting a
selection bias in our analysis. Lesser heterogeneity was observed
for NNRTI and PI mutations, and mutations from these classes
were lost more rapidly than the T215 revertants and the more
stable TAMs, such as M41L. This is in contrast to previous
smaller studies, which have generally observed NNRTI muta-
tions to be relatively stable [3, 10], and also to the study by Jain
et al, which reported a trend toward a higher rate of loss of
TAMs and T215 revertants compared to NNRTI mutations [2].

Transmission of TDR occurs both from ART-experienced
patients with acquired resistance as well as onward transmis-
sion from ART-naive individuals. Our finding that certain mu-
tations are highly stable and not replaced by wild-type virus,
along with high levels of viral suppression among patients re-
ceiving ART, suggests that TDR may increasingly stem from
the ART-naive population. HIV transmission models are criti-
cal for predicting future levels and patterns of TDR, and TDR
persistence among ART-naive patients is a key component of
these [11, 12]. Because of the lack of epidemiological data,
Wagner et al [12] used estimates of fitness costs from viral com-
petition experiments [13] to calibrate their models. They re-
ported that at least 2 mutations (K70R and Y181C) could form
self-sustaining transmission chains. However, there is a discord
between our empirical estimates of persistence of individual
TDR mutations with in vitro fitness cost estimates. For
example, certain TAMs and PI mutations were more stable
than would be expected, given their highly impaired replicative
impairment [13, 14]. The determinants of persistence of spe-
cific viral species in vivo will not only include complex genetic
interactions (eg, compensatory mutations [4, 5]) but also other
aspects of host-pathogen biology, such as immune responses.

Our finding that some TDR mutations may persist for
several years supports the continued use of baseline genotypic
resistance testing in chronically infected patients. It is also im-
portant to note that the marked variability in the persistence of
individual TDR mutations indicates that the detection of ≥1
mutations may signal that viruses harboring other undetected
mutations could have been archived in latent cells and thus
affect response to subsequent ART.

We found no effect of CD4 cell count or viral load on the
persistence of TDR mutations, in agreement with Bezemer et al
[6], although the rate of loss was higher in patients with non-B
subtype infection than subtype B. Although there is no obvious
virological explanation for this finding, one possibility is differ-
ential ART misclassification by patient characteristics linked to
viral subtype. The rate of loss of mutations was similar if the
mutation detected at the first test was present in isolation or ac-
companied by other mutations; further analyses are planned to
look at the role of compensatory mutations [4, 5].

To maximize the information available we included patients
with unknown duration of infection, as well as patients

identified during acute/early infection. This introduces a selec-
tion effect because some potentially eligible patients will have
lost TDR mutations before their first resistance test. Only
including patients identified during acute infection would min-
imize this effect, although, even then, some highly unfit muta-
tions such as M184V could still be missed. Another limitation
of the analysis is that population sequencing was used to detect
mutations rather than more sensitive methods capable of de-
tecting minor variants, and therefore we may be overestimating
the rate of loss [15].

In summary, this is the first study to our knowledge
to provide estimates of the persistence of individual TDR
mutations. The disconnect with in vitro estimates of resistance-
associated viral fitness costs underlines the key role of epidemi-
ological data in calibrating HIV transmission models, which
are critical for predicting the future course of the TDR epidemic.
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