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Abstract

Introduction: Resistance to antiretroviral medications poses challenges for the  successful treatment  
of human immunodeficiency virus 1 (HIV-1) infection. Genotypic antiretroviral testing provides guidance 
for selecting the proper treatment regimens. We studied the prevalence of HIV-1 resistance mutations in 
a population of U.S. veterans.
Material and methods: A retrospective chart review was performed on 230 patients who presented 
to an outpatient infectious diseases clinic for routine HIV-1 care between 2000 and 2016. Charts were 
reviewed to extract available information on genotype test results and relevant demographic data.
Results: Of the 230 patients, 98 had available genotype tests. A total of 113 genotype tests were collect-
ed for analysis. Fifty-three genotypes were baseline tests; 60 were obtained following virologic failure. 
The median age of the study group was 58 years. Ninety-four of the 98 subjects were men. Risk factors for 
HIV-1 acquisition included intravenous drug use (31%) and unprotected heterosexual (27%) and homo-
sexual (24%) encounters. At the end of the follow-up period, CD4+ T-cell median was 557/µl and HIV-1 
viral load median was 20 copies/ml. K103N was seen in 2 baseline tests. The most common acquired 
resistance mutations were M184V (70%), K103N (55%), and thymidine analogue mutations (TAM). 
There was 1 patient with integrase strand transfer inhibitor (INSTI) mutation. Virologic control among 
patients with acquired resistance was achieved with protease inhibitor (PI) based or PI-(INSTI)-com-
bined regimens.
Conclusions: M184V, K103N, and TAM were the most common resistance mutations. INSTI muta-
tion was seen in only 1 patient. PI and PI-INSTI combinations achieved HIV-1 viral load suppression 
in patients with resistance mutations.
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Introduction

Over 27,000 United States (U.S.) veterans are living with 
human immunodeficiency virus 1 (HIV-1) infection [1]. In 
1981, HIV-1 infection was recognized and the ensuing epi-

demic of acquired immune deficiency syndrome (AIDS) was 
synonymous with a death sentence. The advent of antiretro-
viral therapy was followed immediately by viral genotypic 
resistance, necessitating the need for new classes of antiret-
roviral medications and increasingly complex regimens [2]. 
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(approval number 00474) of the Northport VA Medical Cen-
ter (VAMC).

All patients were U.S. veterans 18 years old or older. All 
had been diagnosed with HIV-1 infection via confirmatory 
testing, either western blot or indirect immunofluorescence 
assay. The  patient’s HIV-1 RNA was extracted from plas-
ma samples and amplified in a  reference laboratory with-
in the Veterans Affairs system. Until 2015 genomic HIV-1 
mutations were identified using the TRUGENE HIV-1 ge-
notyping system, Siemens, St. Denis, France. Since 2015, 
the ViroSeq HIV-1 Genotyping System, Abbot Laboratories, 
Illinois, USA, has been utilized. These systems are designed 
to perform population sequencing of  the  reverse transcrip-
tase, protease, and integrase segment of the pol gene of HIV-1. 
Interpretation of mutations was based on the International 
Antiviral Society-USA (IAS-USA) Drug Resistance Muta-
tion Group’s list of evidence-based information on drug-re-
sistance associated mutations  [7]. NRTI resistance muta-
tions were divided into non-thymidine analogue mutations, 
M184V/I, K65R, K70R/E, L74V/I, Y115F; multiple drug re-
sistant Q151M, T69ins, and thymidine analogue mutations 
(TAM), M41L, D67N/G/E, L210W, T215Y/F, and K219Q/E. 
NNRTI associated mutations included L100I, K101E/P, 
K103N/S, V106A/M, E138K, V179F, Y181C/I/V, Y188L/
C/H, G190S/A/E, and P225H. PI resistance mutations in-
cluded L10I, K20R, L24I, V32I, L33F, D30N, E35D, M36I, 
M46I/L, I47V/A, G48V/M, I50L, I54M, I62V, L63P, A71T/
V/L, G73S/T/C, V77I, V82A/S/T, I84V, and L90M. INSTI 
associated mutations included T66I/K, E92Q, Y143R/H/C, 
S147G, Q148H/K/R, and N155N. All patients were followed 
in the Infectious Diseases Clinic at Northport VAMC. Veter-
ans who left our institution and established continuity care 
at other VA facilities were excluded from the analysis.

Results
Two hundred thirty U.S. veterans living with HIV-1 were 

identified during the study period of 2000-2016 (see Figure 1).  
Thirty patients established continuity care at other VA fa-
cilities and were excluded. Three were “elite controllers” 
and their HIV-1 viral load remained undetectable without 
breakthrough viremia. Seventy-seven had controlled HIV-1 
infection throughout the study period and had no baseline 
genotypes. Ninety-eight patients had genotype data avail-
able, with 113 total genotype assays. Twenty-two had evi-
dence of viremia at the end of follow-up but had no genotype 
data either due to death or lack of follow-up. Table 1 shows 
the demographic characteristics of the 98 patients with gen-
otype data. Of the  113 genotypes, 53 were baseline, 50 on 
1st antiretroviral failure, 9 on 2nd failure and 1 on 3rd failure. 
The median nadir CD4+ T-cell count was 191/µl. Thirty out 
of 98 patients, or 31%, had a history of an AIDS defining ill-
ness. Table 2 depicts frequencies of the baseline and acquired 
resistance mutations. Figures 2-4 show NRTI, NNRTI and 
PI mutations. From the 53 baseline genotypes L63P was seen 
in 23, M36I in 13, V771 in 9; K103N mutation was seen in  
2 patients. No M184V mutation detected on baseline testing. 

In 1996, with the development of highly active antiretroviral 
therapy (HAART), treatment of  the  HIV-1 infection with 
sustained virologic suppression became possible, forever al-
tering the course of the disease. It is currently accepted prac-
tice to perform baseline antiretroviral resistance testing in 
newly diagnosed patient with HIV-1 infection as well as at 
time of treatment failure.

There are two methods for estimating the susceptibility 
of HIV-1 samples replicated in the patient’s plasma: geno-
typic and phenotypic. Phenotypic assays can detect the sus-
ceptibility of HIV-1 to an antiretroviral drug while genotypic 
assays are used to detect mutations associated with estab-
lished HIV-1 resistance. These methods can be performed 
at baseline before initiation of therapy or at virologic failure 
(i.e., the inability to achieve or maintain suppression of viral 
replication while on HAART). Genotypic assays are based 
on sequencing of  nucleotides of  the  HIV-1 genes (the pol 
gene, for example, which encodes HIV-1 reverse transcrip-
tase amino acid sequences) with identification of  patterns 
of  HIV-1 mutations associated with antiretroviral resis-
tance [3]. Resistance mechanisms can be complex, involving 
interactions between mutations and their associated path-
ways. Their impact on cross-resistance within antiretroviral 
classes greatly influences treatment decisions [4].

There are few reports assessing HIV-1 antiretroviral 
drug resistance among U.S. veterans. Soto-Pillich et al. ana-
lyzed resistance mutations in veterans living in Puerto Rico 
under the San Juan Veterans Affairs (VA) healthcare system; 
they found M184V and K103N as the most frequent muta-
tions  [5]. A  six-year retrospective, cross-sectional study in 
the District of Columbia, between 2001 and 2006, revealed 
a reduction in the frequency of nucleoside reverse transcrip-
tion inhibitor (NRTI) and non-nucleoside reverse transcrip-
tion inhibitor (NNRTI) resistance mutations among veter-
ans living with HIV-1 infection on HAART [6]. In the same 
study, there was a rise in resistance mutations of the protease 
inhibitor (PI) atazanavir. These findings mirrored antiret-
roviral (ART) drug utilization among patients in the study 
with pivotal impacts on ART treatment and transmission 
of  viral resistance in a  high-prevalence community  [6]. In 
our retrospective cross-sectional analysis, we identified ge-
notypic mutations in U.S. veterans living with HIV/AIDS in 
both treatment-naïve and treatment-experienced patients.

Material and methods
A retrospective chart review was conducted from Janu-

ary 1st, 2000 to December 31st, 2016. In this cross-sectional 
analysis demographic data were collected, such as age, sex, 
race, as well as risk factors for acquisition of  HIV-1, gen-
otypes at baseline and at treatment failures, comorbidities, 
AIDS-defining conditions, CD4+ T-helper cell counts with 
HIV-1 viral loads at the end of follow-up. We determined 
the  prevalence of  drug-resistant mutations and analyzed 
how many patients remained viremic at the  end of  fol-
low-up. Frequencies were calculated using Microsoft Excel. 
The study was approved by the Institutional Review Board 
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The most common acquired mutations were: M184V in 42 
(70%), L63P in 36 (60%), K103N in 33 (55%), and T215Y 
in 22 (36%). K65R mutation was noted only in 2 patients, 
Q151M in 1, and I50L in 1 patient. There was only 1 case 
of  integrase strand inhibitor resistance (patient on elvite-
gravir-containing regimen), E92Q. At the end of follow-up, 
the median HIV-1 viral load was 20 copies/ml. Only 15 pa-
tients had serum HIV-1 viral loads greater than 500 copies/
ml (range 509-728,000). Patients who achieved virologic 
control after treatment failures used the following antiretro-
viral regimens: protease inhibitor-based regimen 40%, inte-
grase strand inhibitors (INSTI) + PI based 32%, INSTI + PI 
+ NNRTI 11%, NNRTI 8%, NNRTI + PI 3%, INSTI 3%, and 
NRTI only 3%.

Discussion
In its 2012 global HIV-1 drug resistance report, the World 

Health Organization estimated that 10-17% of antiretroviral 
naïve HIV-1 infected individuals in Australia, Japan, Europe 
and the  United States had acquired a  virus that was resis-
tant to at least one antiretroviral drug [8]. In our cohort, im-
portant baseline resistance mutations were seen in 2 cases 

230 HIV-infected veterans 2000-2016

77 with undetectable viral load with  
no treatment failure and no baseline genotype 3 excluded; elite controllers

30 excluded; established care at other VA

53 baseline genotype tests
and 

60 with acquired mutations
22 viremic at end of follow-up with no genotype data

Figure 1. Study flowchart

Figure 2. Nucleoside reverse transcription inhibitor – resistant 
mutations (MDR multidrug resistant)

Figure 3. Non-nucleoside reverse transcription inhibitor – resis-
tant mutations

Figure 4. Protease inhibitor – resistant mutations
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with presence of K103N. Margot et al. reported from 2000 to 
2013 a 4.5% pretreatment resistance rate with NNRTI, nota-
bly K103N/S, in ART-naïve patients [9]. In our study, base-
line genotype data were unavailable in a significant number 
of patients. Many of them were initiated on treatment with-
out baseline testing as it was not readily available, especially 
in the early years of the study period. Others entered the study 
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cohort already on treatment and virally suppressed. The high 
prevalence of acquired M184V and K103N mutations in our 
study group was expected and consistent with prior reports. 
Not unexpectedly, the majority of our patients (93 out of 98) 
were treated with lamivudine (3TC) and emtricitabine (FTC). 
3TC and FTC are NRTIs commonly used as part of the “back-
bone” of ART (two NRTIs plus an NNRTI, or PI or INSTI). 
Failing ART that contains 3TC or FTC, the M184V mutation 

is usually the first to appear [10]. K103N is the most common 
NNRTI mutation and may occur as the first resistance muta-
tion, even preceding M184V [10]. 

Resistance mutations to zidovudine (AZT) or stavudine 
(D4T) are known as thymidine analogue mutations (TAM). 
Acquired TAM were prevalent in our cohort as many of our 

Table 1. Demographic characteristics of  98 patients with 
genotype data

Factor

Median age: 58 years (range: 28-82, IQR 13)

Median years of HIV-1 infection: 14 (range 1-31, IQR 2)

Men(#): 94  

Women(#): 4

African American: 56 (57%)

Caucasian: 41 (42%)

American Indian: 1 (1%)

HIV risk factors:

IVDU: 30 (31%)

Heterosexual: 27 (27%)

MSM: 24 (25%)

Blood transfusion: 3 (3%)

Unknown: 14 (14%)

Median nadir CD4+ T-cells (cells/µl): 191 (range 1-728,  
IQR 274.5)

30 (31%) had AIDS-related diagnoses

Pneumocystis pneumonia: 10 (cases)

Oral thrush with presumptive esophageal involvement: 12

Candida esophagitis (biopsy proven): 2

Other: 6*

Median CD4+ T-cells at end of follow-up (cells/µl): 557 
(range 4-2033, IQR 509.25)

Median HIV viral load at end of follow-up (copies/ml): 20 
(range < 20-728,000, IQR 56.25)

HCV co-infection: 37 (38%)

HCV genotypes**

HBV co-infection: 3 (3%)

113 available genotype tests

53 baseline

60 upon virologic failure
AIDS – acquired immunodeficiency syndrome, HIV – human 
immunodeficiency virus, HCV – hepatitis C virus, HBV – hepatitis B virus,  
IQR – interquartile range, IVDU – intravenous drug use, MSM – men who 
have sex with men
*Other: one case each of cerebral toxoplasmosis, cytomegalovirus retinitis, 
tuberculosis, Kaposi sarcoma, non-Hodgkin’s lymphoma and eosinophilic 
folliculitis.
**HCV genotypes seen: 1a – 14 (38%), 1b – 11 (30)%, 2a – 1 (3%),  
3a – 1 (3%) genotype undetermined 10 (26%).

Table 2. Overall encountered mutations and their frequen-
cies

Mutations Baseline (n, %) Acquired (n, %)

n = 53 genotype tests n = 60 genotype tests

RT mutations

M41L 1 (2%) 14 (23%)

D67N 0 11 (18%)

K70R 0 9 (15%)

L74V 0 5 (8%)

K65R 0 2 (3%)

M184V 0 42 (70%)

Y115F 0 1 (2%)

T215Y 1 (2%) 22 (36%)

L210W 0 6 (10%)

Q151M 0 1 (2%)

K101P 1 (2%) 7 (11%)

K103N 2 (4% ) 33 (55%)

Y181C 0 5 (8%)

Y188C 0 5 (8%)

G190S 0 3 (5%)

P225H 0 7 (11%)

PI mutations

L24I 1 (2%) 2 (3%)

V32I 0 1 (2%)

L33F 1 (2%) 2 (3%)

D30N 0  0

M46I 1 (2%) 8 (13%)

I47V 0 1 (2%)

I50L 0 1 (2%) 

I54V 0 7 (11%)

L63P 23 (43%) 36 (60%)

A71T 7 (13%) 17 (23%)

G73S 0 6 (10%)

V77I 9  (17%) 10 (16%)

I84V 0 6 (10%)

L89V 1 (2%) 3 (5%)

L90M 0 9 (15%)

INSTI mutations

E92Q 0 1 (2%)
RT – reverse transcriptase, PI – protease inhibitor, INSTI – integrase strand 
transfer inhibitor
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patients were older and had been living with HIV-1 for many 
years, were treatment experienced and were likely exposed to 
AZT or D4T in their initial treatments. The incidence of TAM 
is expected to decrease as AZT and D4T are no longer rec-
ommended as initial choices by the  Department of  Health 
and Human Services (DHHS) in their guidelines for the use 
of antiretroviral agents in adults and adolescents living with 
HIV-1  [11]. Tenofovir (K65R), protease inhibitor and inte-
grase strand transfer inhibitors mutations were infrequent 
in our cohort. No signature mutation (E138K) was detected 
for the NNRTI rilpivirine. Indeed most of our patients who 
developed resistance mutations were eventually controlled, 
often with complex constructed antiretroviral regimens with 
protease inhibitor or INSTI-protease inhibitor combinations. 

The use of  INSTI-based regimens for initial therapy in 
antiretroviral naïve persons living with HIV-1 is increasing 
as they are the  recommended initial therapy in the  DHHS 
guidelines, and are gradually replacing PI and NNRTIs within 
first-line regimens [11]. Frange et al. reported a low frequency 
of INSTI resistance in a French cohort, and the You et al. me-
ta-analysis showed low rates of resistance to raltegravir (3.9%) 
and elvitegravir (1.2%) [12, 13]. Some experts suggest INSTI 
screening in ART-naïve patients before initiation to exclude 
possible transmission of  resistance  [14]. It is important for 
the clinician to understand which genotypic test is routinely 
utilized and whether or not INSTI sequences are included. 
Referral to an experienced reference laboratory may be con-
sidered. Indeed, appropriate selection and sequencing of ther-
apies is the most efficacious and cost-effective method of man-
aging lifelong therapy for HIV-1 at a population level [14].

Nearly 40% of our patients were co-infected with hep-
atitis C (HCV). This is a higher reported rate compared to 
the  approximately 25% HIV-HCV co-infection rate seen 
nationally in the United States [15]. In our cohort, we docu-
mented a 38% co-infection rate, which is similar to the 40% 
reported by Backus et al. among HIV-HCV co-infected U.S. 
veterans [16]. This is not surprising, as intravenous drug use 
was reported in one third of our veteran population.

Conclusions 
Antiretroviral resistance testing to guide therapy selec-

tion in ART-naïve and treatment-experienced patients with 
virologic failure is widely accepted as a standard of care in 
managing HIV-1 infection. The most prevalent HIV-1 resis-
tance mutations in our U.S. veteran population were M184V 
and K103N and TAM. Tenofovir and integrase inhibitor 
resistance mutations were rare. As new antiretrovirals and 
single tablet complete regimens are being developed, epide-
miologic studies should continue among U.S. veterans living 
with HIV-1 to detect trends in resistance to individual class-
es which may impact subsequent therapy options.
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