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HIV Subtypes and Drug-resistance-associated Mutations 
in US Blood Donors, 2015–2020
Brian Custer,1,2, Eda Altan,1 Leilani Montalvo,1 Alison Coyne,1 Eduard Grebe,1, Xutao Deng,1,2 Mars Stone,1,2, Eric Delwart,1,2 Sonia Bakkour,3

Benyam Hailu,4 Rita Reik,5 Debra Kessler,6 Susan L. Stramer,7 and Michael P. Busch1,2; for the Transfusion Transmissible Infections Monitoring System 
(TTIMS) Program
1Vitalant Research Institute, San Francisco, California, USA, 2Department of Laboratory Medicine, University of California San Francisco, San Francisco, California, USA, 3Global Medical Affairs Donor 
Screening, Grifols Diagnostic Solutions, Emeryville, California, USA, 4Division of Blood Diseases and Resources, National Heart, Lung, and Blood Institute, National Institutes of Health, Rockville, 
Maryland, USA, 5Scientific, Medical, Technical and Research, OneBlood, St. Petersburg, Florida, USA, 6Medical Programs and Services, New York Blood Center, New York, New York, USA, 
and 7Infectious Disease Consultant, North Potomac, Maryland, USA

Background. Monitoring genotypes of HIV infections in blood donors may provide insights into infection trends in the general 
population.

Methods. HIV RNA was extracted from plasma samples of blood donors confirmed as HIV positive by blood screening nucleic 
acid and antibody tests. HIV genome target regions were amplified using nested real time-polymerase chain reaction followed by 
next-generation sequencing. Sequences were compared to those in the Los Alamos National Laboratory (LANL) database. 
Sequences were also assessed for drug resistance mutations (DRM) using the Stanford HIV DRM Database.

Results. From available HIV-positive donations collected between 1 September 2015 and 31 December 2020, 563 of 743 (75.8%) 
were successfully sequenced; 4 were subtype A, 543 subtype B, 5 subtype C, 1 subtype G, 5 circulating recombinant forms (CRF), and 
2 were subtype B and D recombinants. Overall, no significant differences between blood donor and available LANL genotypes were 
found, and the genotypes of newly acquired versus prevalent HIV infections in donors were similar. The proportion of non-B 
subtypes and CRF remained a small fraction, with no other subtype or CRF representing more than 1% of the total. DRM were 
identified in 122 (21.6%) samples with protease inhibitor, nucleoside reverse transcriptase inhibitor and non-nucleoside reverse 
transcriptase inhibitor DRMs identified in 4.9%, 4.6% and 14.0% of samples, respectively.

Conclusions. HIV genetic diversity and DRM in blood donors appear representative of circulating HIV infections in the US 
general population and may provide more information on infection diversity than sequences reported to LANL, particularly for 
recently transmitted infections.
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The Transfusion Transmissible Infections Monitoring System 
(TTIMS) was established by the Food and Drug Administration 
(FDA), National Heart Lung and Blood Institute of the National 
Institutes of Health, and the Office of the Assistant Secretary 
for Health of the US Department of Health and Human 
Services to evaluate bloodborne infections in blood donors 
and changes in risk of transfusion transmission of those infec-
tions to blood recipients over time [1]. Reported rates of infec-
tions in donors from the TTIMS program show an overall HIV 

prevalence of 2.6 per 100 000 donations in 2015–2019, with 
nucleic acid test (NAT)-only RNA-reactive donations, repre-
senting very recently acquired infections, of 0.05 per 100 000 
donations or approximately 2% [2]. The TTIMS program 
also estimates HIV incidence based on new infections in repeat 
donors and the ratio of NAT-only reactive donations in repeat 
to first-time donors to estimate overall HIV incidence as well 
as using other incidence estimation methods [3]. For the peri-
od 2015–2019, overall incidence declined from 4.09 per 100  
000 person-years to 2.96 per 100,000 person-years following 
the adoption of the 12-month deferral for men who have sex 
with men [4]. Although prevalence and incidence rates of 
HIV infections in blood donors are low compared to the gene-
ral population, molecular characterization and surveillance of 
infections in blood donors following routine donation testing 
is valuable to monitor for genetic changes in HIV [5]. 
Transmitted or acquired mutations and recombinant viruses 
could impact detection by blood donor molecular and serolog-
ical screening assays, with false-negative results leading to in-
creased risk of transmission to recipients [6]. In addition, 
molecular surveillance of infections in blood donors in the 
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TTIMS program may provide public health insights into 
trends in the genetic evolution of these infections in the broad-
er US population. Studies of the phylogenetic similarities, in-
cluding drug resistance mutation (DRM) patterns, among 
HIV in donors compared to those reported for the general 
population are rare; such studies can highlight changes in 
the epidemic, particularly as treatment and prevention practic-
es and blood donor eligibility policies evolve to be more inclu-
sive of all members of the population [7, 8]. Here, we evaluate 
HIV phylogenetic relationships and DRM prevalence in 
HIV-positive donations collected by 4 large US blood collec-
tion organizations over a 5-year period.

METHODS

The TTIMS program is a collaborative multicenter research 
group comprised of 4 large US blood centers (American Red 
Cross, New York Blood Center, OneBlood, and Vitalant) and 
government agencies. The program established procedures 
for the collection and storage of donation samples that have 
tested confirmed positive for known transfusion-transmissible 
infections [9]. The TTIMS risk factor coordinating center in-
cludes a laboratory and biorepository component that allows 
for investigation of donor and infection characteristics in addi-
tion to molecular surveillance of HIV infections.

Recently acquired infections, at the time of the blood dona-
tion, were defined as either confirmed NAT-reactive, serology 
negative, or confirmed NAT-reactive and serology reactive 
with recent antibody seroconversion. We used the LAg avidity 
assay to identify recently acquired infections by measuring an-
tibody avidity (which matures during the early months of HIV 
infection) based on a limiting concentration of recombinant 
HIV-1 antigen [3]. LAg avidity normalized optical density re-
sults <2.0 triggered triplicate retesting, and the median value 
of triplicate repeat tests constituted the final result. For this 
analysis, normalized optical density values ≤1.5 were consid-
ered recently acquired HIV infections and are estimated to 
have a mean duration of recent infection of approximately 
130 days for subtype B infections [10].

For sequence analysis, HIV RNA was extracted from plasma 
samples of blood donors confirmed as HIV positive by blood 
screening NAT and antibody tests, and the target region was 
amplified using nested real time-polymerase chain reaction 
(PCR). The primers used in PCR were chosen to amplify the 
1712–2986 nt range of the reference genome (NC_001802), 
which includes the protease and part of the reverse transcrip-
tase genes of HIV [5]. The samples run in next-generation se-
quencing libraries were selected based on the presence of a 
positive band of the expected size on gel electrophoresis. The 
Illumina libraries were produced using the transposon based 
Nextera XT Sample Preparation Kit with 15 PCR cycles 
(Illumina, San Diego, CA, USA). The DNA library 

concentrations were assessed using the Quant-iT DNA HS 
Assay Kit. Subsequently, libraries consisting of multiple sam-
ples were combined at equal concentrations and size-selected 
within the range of 300–1000 bp using the Pippin Prep system 
(Sage Science, Beverly, MA, USA). After pooling, quantification 
of the library was performed using the KAPA library quantifica-
tion kit for the Illumina platform (Kapa Biosystems, Wilmington, 
MA, USA). The library, with a concentration of 10 picomolar, 
was loaded onto the MiSeq sequencing platform for 2 × 250 cy-
cles pair-end sequencing, incorporating dual barcoding. For the 
genome assembly, raw data obtained from next-generation se-
quencing were mapped using the HIV reference genome using 
the Geneious R10 program. First, low sensitivity assembly was 
used and after the contigs were obtained the raw data were reas-
sembled using the high sensitivity setting.

Multiple sequence alignment was performed using the 
MUSCLE algorithm (Molecular Evolutionary Genetics 
Analysis software v11) [11] to identify evolutionary rela-
tionships and common patterns between the HIV sequences 
from donors sequences and among persons with HIV in the 
broader US population. Sequences for the broader US popula-
tion were derived from the Los Alamos Laboratory National 
(LANL) HIV sequence library [12, 13] using the following cri-
teria: from the period 2015–2020, from the United States, sub-
type B, and including polymerase (pol) coding region sequence 
data. Recombinants were excluded and only 1 sequence per in-
dividual in LANL was used. LANL results were sorted alpha- 
numerically by accession, so the selected sequence was the first 
one accessioned in alpha-numeric order. The sequence dis-
tance matrix, obtained from pairwise sequence comparison, 
was computed using the maximum composite likelihood 
method, assuming an equality of substitution pattern among 
lineages [14]. The phylogeny, which illustrates the lines of evo-
lutionary descent of different strains from a common ancestor, 
was reconstructed based on the multiple sequence alignment 
using the maximum likelihood method in the Tamura-Nei 
model using Molecular Evolutionary Genetics Analysis [15].

Phylogenetic trees were constructed to depict evolutionary 
relationships among the donor and LANL sequences [16]. 
Sequences relative to the broader population of persons with 
HIV, as well as clustering by various donor characteristics cap-
tured by TTIMS, including if the infection was recently ac-
quired, sex, race, age group, US Census Bureau regions 
(Northeast, Midwest, South, and West), and year of donation, 
were evaluated to assess evolutionary relatedness. Some groups 
were combined where small numbers limited ability to conduct 
meaningful comparisons. We collapsed race/ethnicity groups 
into White, Black, and other including Hispanic, and collapsed 
the census regions into South or non-South.

Two statistical tests were employed for testing population 
substructures of HIV infection. Kruskal-Wallis tests were con-
ducted for population diversity derived from the genetic 
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distance matrix. The genetic diversity for a sample is defined as 
the mean genetic distance within each subgroup (eg, male or fe-
male, race) and visualized as violin plots. The genetic distanc-
es were compared across different groups using the 
Kruskal-Wallis 1-way analysis of variance test for population 
diversity. Slatkin-Maddison tests were performed for population 
segregation within the phylogenetic tree by permutation tests us-
ing HYPHY 2.5.8 [17]. The Slatkin-Maddison test employs sim-
ulation to estimate the minimum number of migration events 
using maximum parsimony and then evaluates whether this 
number is lower than would be expected to be found randomly 
in an unstructured population. The input for this test is a phylo-
genetic tree with leaf names partitioned into sets of group char-
acteristics (eg, male or female, race).

HIV DRMs in all sequenced samples (B and non-B subtypes) 
were identified using the Stanford HIV Drug Resistance 
Database [18]. Phylogenetics, DRM prevalence, specific muta-
tions, and drug sensitivities were evaluated. DRM types were 
compared between all infections over time and between preva-
lent and recently acquired HIV infections. Statistical compari-
sons between demographic and other group characteristic were 
conducted using standard parametric tests with P values adjust-
ed to account for multiple comparisons.

Patient Research Consent

Blood donors are not patients. Individual donor consent was not 
required because each donor provides consent for use of dona-
tion samples and donor information in research related to blood 
supply safety as part of consenting to donate blood. This study 
was approved by Ethics Committees, known as institutional re-
view boards (IRB) in the US, of the participating blood centers. 
Vitalant and OneBlood obtained approval from the University 
of California San Francisco IRB, the IRB of record for Vitalant 
Research Institute. American Red Cross and New York Blood 
Center Enterprises IRBs also approved this study.

RESULTS

Of 905 confirmed HIV-positive blood donations from 1 
September 2015 through 31 December 2020 donated at the par-
ticipating blood centers, 743 samples were available for analysis 
and 563 (75.8%) were successfully real-time PCR amplified and 
sequenced (available in a Supplemenatry Date file). Raw data 
mapping to reference genomes showed 100% coverage to the 
targeted genomic regions. By donation screening test classifica-
tion, 10 of 16 (62.5%) RNA+/Ab− (NAT-only donations) and 
553 of 691 (80.0%) RNA+/Ab+ (concordant positive) samples 
were successfully sequenced (Table 1). Of the concordant 
RNA+/Ab+ samples, 143 were classified as recently acquired 
infections using LAg avidity testing. Thus, 153 of 563 (27.2%) 
sequenced samples represent newly acquired HIV at the time 
of donation. Among all successfully genotyped samples, 4 

were HIV subtype A, 543 subtype B, 5 subtype C, 1 subtype 
G, 5 circulating recombinant forms (CRFs), and 2 were subtype 
B and D recombinants (Table 2). The distribution of subtypes 
of newly acquired and long-standing HIV infections were not 
different, with >96% subtype B infections in both groups. 
The proportions of successfully sequenced samples among do-
nors by demographic and donation characteristics were similar, 
although donors between the ages of 16 and 24 had a higher 
proportion of successfully sequenced donations (Table 3).

Restricted to subtype B infections, comparing the phylogenetic 
relationships of donor infections and the reference infections ob-
tained from LANL (Figure 1), LANL and TTIMS populations did 
not show significant segregation, meaning both sets of sequences 
come from the same underlying HIV-infected population. 
However, the 93 available LANL reference sequences covering 
the same portion of the HIV genome and period were signifi-
cantly less genetically diverse than the TTIMS sequences 
(Kruskal-Wallis (KW) P < .001), (Supplementary Table 1). This 

Table 2. Genetic Subtype of Sequenced HIV Infections From Blood 
Donors by Duration of Infections at Time of Donation, 2015–2020

Subtype

Overall 
Frequency 

N = 563 
n (%)

Recently 
Acquired/Incident 

N = 153 
n (%)

Longstanding/ 
Prevalent 
N = 410 
n (%)

A 3 (0.5) 1 (0.7) 2 (0.5)

A1 1 (0.2) - 1 (0.2)

B 543 (96.5) 149 (97.4) 394 (96.1)

B-like 2 (0.4) 1 (0.7) 1 (0.2)

BD_recombinant 2 (0.4) - 2 (0.5)

C 5 (0.9) 2 (1.3) 3 (0.7)

CRF01_AE 3 (0.5) - 3 (0.7)

CRF18_cpx 1 (0.2) - 1 (0.2)

CRF19_cpx 1 (0.2) - 1 (0.2)

CRF20_BG 1 (0.2) - 1 (0.2)

G 1 (0.2) - 1 (0.2)

Total 563 (100) 153 (27.2) 410 (72.8)

Table 1. Blood Screening Results and Samples Available for Testing 
and Successfully Sequenced for the Period 1 September 2015 to 31 
December 2020

HIV Donation Screening 
Classification

Donations Submitted 
for Molecular 

Surveillance Testing

Donations 
Successfully 

Sequenced N (%)

NAT Reactive/serology 
Negative

18 16 10 (62.5)

Concordant NAT and 
serology reactive

841 691 553 (80.0)

LAg recent 191 179 143 (79.9)

viral load negative or 
low-level NAT/serology 
positive

46 36 0

Total 905 743 563 (75.8)

Abbreviation: NAT, nucleic acid test.
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indicates that more diverse sequences, likely because of the total 
number samples, but not genotypes are evident in the blood do-
nor samples compared to those we identified for the reference se-
quence population in LANL.

The tree-based Slatkin-Maddison analyses showed no signifi-
cant segregation of donor sequences compared to LANL se-
quences from the same period, nor demographic grouping 
(age group, sex, race/ethnicity, region of the country, donation 
year, or recently acquired infection status). Some regional clus-
tering of HIV infections was observed, including strong sugges-
tion of local clustering from the Midwest region (Figure 2). 
Restricted to the blood donor sequences, genetic distance-based 
tests showed that age, race/ethnicity, and donation year were as-
sociated with sequence diversity, but region of the country, do-
nor sex, and recently acquired infection were not (Figure 3, 
Supplementary Table 1, and Supplementary Figure 1). Older 

donors (>45 years) had lower sequence diversity than younger 
donors, and donations in 2020 had higher sequence diversity 
than those from earlier donations years.

DRMs were identified in 121 (21.5%) of all sequenced sam-
ples (Table 4 and Supplementary Tables 2–5) with PI, nucleo-
side reverse transcriptase inhibitor (NRTI), and non-NRTI 
(NNRTI) DRMs identified in 5.0%, 4.6%, and 13.9% of se-
quenced samples, respectively; 9 samples (1.6%) and 1 sample 
(0.2%) had DRMs to 2 and 3 drug classes, respectively. The 
most prevalent DRM was K103N (8.3%), followed by V106I 
(1.6%), M41L (1.6%), and E138A (1.2%); 2 samples (0.4%) 
had M184V, including 1 that also had K65R. Among the 153 
recently acquired infections, DRMs were less frequent overall 
(17.5%) and for individual classes (3.9%, 1.9%, and 12.3% for PI, 
NRTI, and NNRTI DRMs, respectively) for recently acquired/in-
cident infections although these differences were not statistically 
significant. The most notable finding was evidence of reduced 
prevalence of DRMs for the NNRTI drugs efavirenz and nevira-
pine in recently acquired compared to long-standing/prevalent 
HIV infections. No other DRMs were significantly different be-
tween prevalent and recently acquired HIV.

DISCUSSION

In this study, we sequenced pol regions from >550 HIV-infected 
donation-derived plasma samples collected from US blood donors 
between 2015 and 2020. The distribution of HIV subtypes, 
with >96% subtype B infections and few CRFs identified, 
were consistent with previously reported US blood donor se-
quence analyses from earlier times [5, 6, 19, 20]. The propor-
tion of non-B subtypes and CRFs among the donor samples 
remained a small fraction, with no other subtype or CRFs rep-
resenting more than 1% of the total sample.

Our results among blood donors are consistent with the 
known epidemiology and genetic diversity of HIV infections 
reported in specific areas of the country. For example, our 
findings parallel those recently reported for San Francisco, 
California, where non-B and CRF variants remain a small 
proportion (3%) of all HIV [21]. In addition, among HIV sub-
type B, we found evidence of strong HIV genetic similarity 
within small clusters of specific demographic groups. These 
results match recent analyses of sequencing data generated 
as part of routine clinical care in the mid-Atlantic region, 
where males, younger individuals, and those with recently ac-
quired HIV, were more likely to represent clusters of infection 
[22]. All these findings are consistent with studies reporting 
that HIV diversity is associated with assortativity (selective 
mixing) within race/ethnicity groups and geography in the 
larger US population [23–25]. Note, in our study, as a group, 
“Other including Hispanic” donors had higher sequence di-
versity than Black and White donors, but this diversity is 

Table 3. Characteristics of Blood Donors With HIV With Sequenced and 
not Sequenced Samples

Characteristic Group

Sequenced 
N = 563 
n (%)

Not 
Sequenced 

N = 342 
n (%)

Total 
N = 905 
n (%)

Sex Male 456 (81.0) 284 (83.0) 740 (81.8)

Female 107 (19.0) 58 (17.0) 165 (18.2)

Age 16–24 211 (37.5) 98 (28.7) 309 (34.1)

25–34 150 (26.6) 86 (25.1) 236 (26.1)

35–44 91 (16.2) 72 (21.1) 163 (18.0)

45–54 70 (12.4) 50 (14.6) 120 (13.3)

55–64 34 (6.0) 32 (9.4) 66 (7.3)

65+ 7 (1.2) 4 (1.2) 11 (1.2)

Race/ethnicity American Indian 2 (0.4) 6 (1.8) 8 (0.9)

Asian 13 (2.3) 7 (2.0) 20 (2.2)

Black 217 (38.5) 138 (40.4) 355 (39.2)

Hispanic/Latino 106 (18.8) 57 (16.7) 163 (18.0)

More than 1 
race

4 (0.7) 9 (2.6) 13 (1.4)

White 203 (36.1) 116 (33.9) 319 (35.2)

Other 4 (0.7) 4 (1.2) 8 (0.9)

Not available 14 (2.5) 5 (1.5) 19 (2.1)

HHS census 
regiona

Midwest 55 (9.8) 45 (13.2) 100 (11.0)

Northeast 44 (7.8) 35 (10.2) 79 (8.7)

South 400 (71.1) 205 (59.9) 605 (66.9)

West 63 (11.2) 56 (16.4) 119 (13.1)

Not available 1 (0.2) 1 (0.3) 2 (0.2)

Year 2015b 32 (5.7) 25 (7.3) 57 (6.3)

2016 114 (20.2) 63 (18.4) 177 (19.6)

2017 134 (23.8) 58 (17.0) 192 (21.2)

2018 124 (22.0) 51 (14.9) 175 (19.3)

2019 108 (19.2) 73 (21.3) 181 (20.0)

2020 51 (9.1) 72 (21.5) 123 (13.5)

Donation history First-time 394 (70.0) 228 (66.7) 612 (67.6)

Repeat 169 (30.0) 114 (33.3) 293 (32.4)

Not sequenced includes those samples in which amplification was unsuccessful and 
infections where plasma was not available for sequencing.  
aCensus region.  
b1 September 2015–31 December 2015.
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Panel A Panel B

Figure 1. Only subtype B infections are included. (A) Phylogenetic tree comparison of HIV of protease and reverse transcriptase gene sequences from the TTIMS programs 
and selected LANL reference sequences from 2015–2020. (B) Mean genetic distances comparing TTIMS sequences and LANL references sequences. The violin plot and 
results of the Kruskal-Wallis (KW) 1-way analysis of variance test show the diversity of the TTIMS HIV sequences are significantly greater than the diversity of available 
reference sequences from LANL. Reference Genome: GenBank ID K03455.1 Human immunodeficiency virus type 1 (HXB2) complete genome HIV1/HTLV-III/LAV reference 
genome.

Figure 2. Only subtype B infections are included. Phylogenetic tree comparison of HIV protease and reverse transcriptase gene sequences from the TTIMS program 
according to donor demographic and donation characteristics from 2015–2020. (A) Census region, (B) age group, (C) race/ethnicity, and (D) donation year.
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attributable to our post hoc grouping of Hispanic and non-White, 
non-Black groups together because of their small numbers.

Unlike stable subtype diversity, the overall DRM prevalence of 
>20% in HIV infections was higher during 2015–2020 compared 
to early periods (9.1% during 1999–2007; 12% during 2006– 
2009). The prevalence of DRMs overall and for individual drug 
classes are comparable to those from public health surveillance 

data from similar periods. Among 28 states during 2014–2018, 
of 50 747 persons with HIV, 9616 (18.9%) had ≥1 transmitted 
drug resistance-associated mutation, but although patterns of 
specific DRMs may vary by year, overall the rate of DRM did 
not change [26], consistent with our findings. Over longer peri-
ods, DRM may be increasing. Continued monitoring of HIV 
DRMs in blood donors could complement genotyping efforts 

Panel A Panel B

Panel C Panel D

Figure 3. Only subtype B infections are included. Mean genetic distances of HIV protease and reverse transcriptase gene sequences from the TTIMS program according to 
donor demographic and donation characteristics from 2015–2020. Violin plots and results of the Kruskal-Wallis (KW) 1-way analysis of variance test show significant dif-
ferences in genetic diversity by race/ethnicity, age, and donation year. (A) Census region, (B) age group, (C) race/ethnicity, (D) donation year.

Table 4. HIV Drug Resistance Mutations (DRM) in Blood Donors by Year (N = 563 HIV Sequences)

DRM
2015 

N = 32 (%)
2016 

N = 114 (%)
2017 

N = 134 (%)
2018 

N = 124 (%)
2019 

N = 108 (%)
2020 

N = 51 (%)
Overall 

N = 563 (%)
Recently Acquired/Incident 

N = 153 (%)
Prevalent 

N = 410 (%)

Any drug class 8 (25.0) 20 (17.5) 22 (16.4) 27 (21.8) 31 (28.7) 13 (25.5) 121 (21.5) 27 (17.6) 94 (22.9)

1 drug class 7 18 19 26 30 11 111 (19.7) 26 (17.0) 85 (20.7)

2 drug classes 1 2 2 1 1 2 9 (1.6) 1 (0.7) 8 (2.0)

3 drug classes 0 0 1 0 0 0 1 (0.2) 0 1 (0.2)

PI 2 4 7 8 5 2 28 (5.0) 6 (3.9) 22 (5.4)

NRTI 1 4 7 7 4 3 26 (4.6) 3 (2.0) 23 (5.6)

NNRTI 6 14 12 13 23 10 78 (13.9) 19 (12.4) 59 (14.4)

Abbreviations: NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; PI, protease inhibitor .
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for people with HIV at entry to care in informing appropriate 
population-level treatment and prevention strategies.

With a few caveats, the DRM patterns among blood donors in 
this study are less concerning than reported for specific popula-
tions. From 4 sites during 2016–2017 of 142 individuals in a co-
hort including 92 treatment-experienced individuals who were 
not virally suppressed, 44 (30.9%) had high-level resistance to 
at least 1 antiretroviral (ARV) drug [27]. Similarly, for 
Washington, DC, and Maryland from 1987 to 2015, of 1995 in-
dividuals (including 1005 on antiretroviral therapy), 37.9% had 
DRMs [28, 29]. Blood donor data may provide a somewhat 
more balanced assessment of the trends in DRM in persons 
with HIV in the United States because most blood donors are 
not aware of their infection status and hence likely not on 
ARVs with the DRM mostly representing transmitted (rather 
than selected) resistance. However, when HIV-positive donor 
samples are tested for ARV in their plasma, approximately 
15% have been identified as taking ARVs at the time of dona-
tion [30]. Donors who are taking ARVs may represent cases of 
either acquired or selected resistance. The samples successfully 
sequenced had sufficient RNA levels for successful amplifica-
tion and so would not include those individuals who had 
achieved control of viremia using antiretroviral therapy.

The findings from this study suggest that HIV infections from 
blood donors are broadly representative of circulating HIV in-
fections in the United States and may even provide a better snap-
shot of the overall diversity of infections and DRMs in the US 
population than the sequences thus far reported to LANL. 
Interestingly, we had hypothesized that recently acquired HIV 
among donors might differ genetically than from prevalent in-
fections, but the results do not support this hypothesis. The phy-
logenetic diversity of subtype B infections were not different for 
these 2 groups. We believe this finding indicates the HIV strains 
that are circulating within the US population did not substan-
tially change over the relatively short period of this study 
(2015–2020). We do not know the times of acquisition for do-
nors with prevalent infections. We speculate that these infections 
were mostly acquired in the 10-year period before 2015. Thus, we 
interpret the lack of diversity between recently acquired and 
prevalent HIV infections to mean during the 15-year period 
when most infections included in this study would have been ac-
quired, there were not substantial changes in the phylogenetics of 
HIV in the US general population.

The study has limitations. First, a highly mutated HIV infec-
tion may not be identified with the NAT and serological assays 
used for blood donation screening. Such hypothetical infections 
would have been missed by donation testing and would not be 
included as HIV infections in the TTIMS biorepository and 
thus not sequenced. If a highly modified recombinant HIV in-
fection was in a donated unit, its potentially higher level of ge-
netic diversity would not be evident or accounted for in our 
study. However, documented cases of transfusion-transmitted 

HIV are rare, with the last known case in the United States re-
ported in 2007, and these historical transfusion-transmitted in-
fections were from seronegative donors with very low HIV RNA 
levels in the early infection window period and not attributed to 
viral variants [31]. Second, we did not sequence the int nor env 
region of the HIV genome and so do not know if any of the se-
quenced samples included DRMs for drugs that target the inte-
grase or envelope glycoprotein. Third, a subset of HIV-positive 
samples could not be PCR amplified. This was most likely be-
cause of very low viral loads, but some samples with measurable 
viral loads were still not amplified. We do not know the reasons 
for unsuccessful amplification nor if these infections have simi-
lar sequences to those samples that were successfully sequenced. 
Because 75% of samples were successfully sequenced, we assume 
the sequenced samples are representative of the HIV infections 
in US blood donors during the study period. Fourth, although 48 
states are represented (no samples from Hawaii or Alaska were 
available in the TTIMS repository), the available samples do not 
include HIV from all geographic locations or blood donors in 
the United States during the study period.

The sequence analyses reported here further demonstrate that, 
even though donors are selected for donation based on health 
status questions, HIV in blood donors can provide public health 
insights on the broader HIV epidemic including subtype distri-
butions and DRM patterns. Subtype B infections remain the pre-
dominant types of infection found in the United States. Our 
results are consistent with other publications reporting sequence 
data from similar years showing that non-B variants are not 
widely established in the United States. When non-B variants 
are identified, they are likely acquired outside the United 
States, and these variants have not yet been established in US 
HIV transmission networks. The findings also indicate the US 
blood donor likely share the same transmission networks as 
the larger population of persons with HIV, and thus provide gen-
erally representative molecular surveillance information on the 
HIV epidemic in the United States.
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