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ABSTRACT

Purpose: This article describes subtype diversity among diagnosed HIV-1 infections in the United States
during 2008—2016 by demographic or risk group and over time.

Methods: HIV-1 polymerase sequences reported to the National HIV Surveillance System for persons in
17 US. states with HIV infection diagnosed during 2008—2016 were subtyped using COMET, an auto-
mated subtyping tool, and National HIV Surveillance System demographic data were analyzed.

Results: Subtype B was identified in 93.6% of 121,793 reported sequences. The most common non-B
subtypes and circulating recombinant forms (CRFs) were C, CRFO2_AG, A, CRFO1_AE, and G. Elevated
percentages of non-B subtypes or CRFs were found in persons who were female, aged less than 13 years
at diagnosis, Asian, or had transmission attributable to heterosexual contact (females only) or perinatal
exposure. Foreign-born persons had a higher percentage of non-B subtypes. The prevalence of non-B
subtypes and CRFs increased from 5.0% in 2008 to 8.5% in 2016; among specific subtypes and CRFs,
subtype G and CRFO1_AE increased.

Conclusions: Subtype B remains the predominant strain in the United States. Non-B subtypes and CRFs
were not widespread, but diversity and numbers increased from 2008 through 2016, which could have

consequences for clinical management, diagnostic testing, and vaccine development.

Published by Elsevier Inc.

Background

HIV-1 subtype diversity and distribution reflect the complexity
of the molecular epidemiology of the virus. Distinct characteristics
of HIV-1 subtypes are believed to impact transmission, disease
progression, clinical management, diagnostic test results, and
vaccine development efforts [1,2]. HIV-1 strains have been phylo-
genetically classified into four groups (M, N, O, P), which originated
from distinct cross-species transmissions to humans. Group M, the
cause of the HIV pandemic, has been further classified into nine
subtypes (A, B, C, D, F, G, H, ], K) [2,3]. Due to recombination
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occurring in the setting of co-infection with HIV strains from two
different subtypes, intersubtype recombinants have evolved. These
recombinants are called circulating recombinant forms (CRFs) if
found in three or more epidemiologically unlinked patients and
unique recombinant forms otherwise. By 2007, recombinant sub-
types were estimated to account for at least 20% of HIV-1 infections
worldwide [4]. At this time, approximately 96 CRFs are recognized
[5]; and the list will likely continue to grow.

In North America and Central and Western Europe, HIV-1 in-
fections are predominantly subtype B [4]. However, rising prevalence
of non-B subtypes is being reported [6—10]. Abecasis et al. analyzed
sequence data from persons with diagnosed HIV in Europe from 2003
to 2005 and found that although most subtype trends were stable,
there were increases in subtypes F and CRFO2_AG, and subtype
prevalence was compartmentalized and varied by region. They found
that continent and country of origin, country of sampling, and gender
were associated with subtype prevalence [10]. Beloukas et al.
analyzed more recent data from the Los Alamos HIV Sequence
Database and determined that prevalence of non-B subtypes in
Central and Western Europe was increasing, varied by individual
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Table 1
Subtype assignment (subtype B vs. non-B), by selected characteristics, 17 U.S. states, 2008—2016
Characteristic Total Subtypes/CRF
B Non-B’
n % n % n %

Total 121,793 100.0 114,034 93.6 7759 6.4

Sex
Male 98,162 80.6 93,459 95.2 4703 4.8
Female 23,631 19.4 20,575 87.1 3056 12.9

Age at diagnosis (y)
<13 380 0.3 234 61.6 146 38.4
13—-19 6682 55 6417 96.0 265 4.0
20-29 44,494 36.5 42,329 95.1 2165 4.9
30-39 29,839 245 27,483 92.1 2356 7.9
40—49 23,266 19.1 21,608 929 1658 7.1
50—59 13,035 10.7 12,194 93.5 841 6.5
60+ 4097 34 3769 92.0 328 8.0

Race/ethnicity
American Indian/Alaska Native 366 0.3 359 98.1 7 1.9
Asian 2394 2.0 1608 67.2 786 32.8
Black/African American 51,595 42.4 47,511 92.1 4084 7.9
Hispanic/Latino 34,391 28.2 32,981 95.9 1410 4.1
Native Hawaiian/Other Pacific Islander 99 0.1 920 90.9 9 9.1
White 27,806 22.8 26,737 96.2 1069 3.8
Multiple races 5142 42 4748 923 394 7.7
Unknown 0 0.0 0 0.0 0 0.0

Transmission category
Male-to-male sexual contact 79,296 65.1 75,966 95.8 3330 4.2
Male-to-male sexual contact and injection drug use 5026 41 4888 97.2 138 2.8
Injection drug use—men 4173 34 3973 95.2 201 4.8
Injection drug use—women 3523 29 3286 933 237 6.7
High-risk heterosexual contact—men 9389 7.7 8449 90.0 941 10.0
High-risk heterosexual contact—women 19,813 16.3 17,079 86.2 2734 13.8
Perinatal 316 0.3 209 66.1 107 339
Other/unknown 257 0.2 185 72.0 72 28.0

Population of area of residence
Unknown 256 0.2 236 92.2 20 7.8
Nonmetropolitan areas (<50,000) 2734 2.2 2650 96.9 84 3.1
Metropolitan Areas (50,000—499,999) 12,973 10.7 12,464 96.1 509 3.9
Metropolitan statistical areas (500,000—2,499,999) 32,546 26.7 30,875 94.9 1671 5.1
Metropolitan statistical areas (2,500,000+) 73,284 60.2 67,809 92.5 5475 7.5

State of residence at dx
Alabama 2431 2.0 2375 97.7 56 23
Arizona 2263 1.9 2133 94.3 130 5.7
California 20,156 16.5 19,063 94.6 1093 5.4
Colorado 1776 1.5 1650 929 126 7.1
Connecticut 2019 1.7 1862 92.2 157 7.8
District of Columbia 2419 2.0 2213 91.5 206 8.5
Florida 17,332 14.2 16,371 94.5 961 5.5
Illinois 5418 4.4 5126 94.6 292 5.4
Louisiana 3744 3.1 3680 98.3 64 1.7
Maryland 5603 4.6 4990 89.1 613 10.9
Michigan 5439 4.5 5167 95.0 272 5.0
New York 20,648 17.0 18,797 91.0 1851 9.0
Oregon 975 0.8 916 93.9 59 6.1
South Carolina 4000 33 3929 98.2 71 1.8
Texas 21,762 17.9 20,591 94.6 1171 5.4
Virginia 2912 2.4 2617 89.9 295 10.1
Washington 2896 2.4 2554 88.2 342 11.8

" Includes non-B subtypes, CRFs, and unassigned.

country, and was linked to migration and later dispersal through
transmission networks [8]. Analysis of sequence data from newly
identified HIV patients (recent diagnoses and new residents) in
Alberta, Canada, found that 16% of patients were infected with non-B
subtypes in 2001; however, by 2010, 33% of new patients were
infected with non-B subtypes [11].

Exploring subtype diversity and trends in the United States, our
group previously analyzed protease and reverse transcriptase sequence
data reported to the National HIV Surveillance System (NHSS) during
2006—2013. Although we found that B was the predominant subtype,
prevalence of non-B infections increased during 2006—2013 and
numerous demographic subgroups had a much higher prevalence of

non-B subtypes [9]. However, this analysis only included diagnoses
through 2013 and was limited to only seven U.S. states.

In this report, we update this previous analysis by describing the
prevalence of subtypes and CRFs among diagnosed cases in 17 U.S.
states during 2008—2016. We also describe subtype diversity by
demographic and risk group and world region of birth. Finally, we
report on changes in subtype diversity over the 9-year time frame.

Methods

HIV-1 polymerase sequences (protease and partial reverse
transcriptase) generated through standard genotypic drug
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resistance testing and reported to NHSS for persons with HIV-1
infection diagnosed during 2008—2016 were used for this anal-
ysis. Details about sequence collection have been previously
described [9]. Sequences were linked to demographic, risk, and
geographic information that was also reported to the NHSS. Writ-
ten consent was not required as the data were collected for public
health surveillance purposes. No personally identifiable informa-
tion was reported to NHSS.

For analysis, we only included sequences from the 17 jurisdic-
tions that reported sequencing data for at least 30% of diagnoses
during the 9-year period. (Alabama, Arizona, California, Colorado,
Connecticut, District of Columbia, Florida, Illinois, Louisiana,
Maryland, Michigan, New York, Oregon, South Carolina, Texas,
Virginia, Washington.) Sequences shorter than 500 nucleotides
(<5% of all sequences) were excluded. When more than one
sequence was reported for an individual (as determined using
unique identifiers), analysis was limited to the sequence with the
earliest sample collection date.

HIV-1 subtype or CRF was assigned using a local installation of
COMET (Context-based Modeling for Expeditious Typing) v2.2, an
automated and statistically based subtyping tool [12]. Each
sequence was assigned to one of eight subtypes, one of 49 CRFs, or
“unassigned.” An “unassigned” sequence may suggest a possible
unique recombinant form [12].

Prevalence of different subtypes and CRFs were analyzed. CRFs
with less than 0.05% prevalence were grouped together as “other
CRFs.” We determined the prevalence of subtypes and CRFs (B vs.
non-B) by sex, age at diagnosis, race or ethnicity, transmission
category, population size of area of residence, and state of residence
at diagnosis. Transmission category was hierarchically assigned as
male-to-male sexual contact, injection drug use, male-to-male sex-
ual contact and injection drug use, heterosexual contact, perinatal, or
other or unknown. We also assessed the prevalence of specific
subtypes and CRFs by place of birth, grouping foreign countries by
world region: Africa, Asia, Caribbean, Central and South America,
Europe, North America (Mexico), North America (other), and other.
Finally, we examined subtype distribution trends over the 9-year
analysis period by year of HIV diagnosis.

Results

During 2008—-2016, there were 389,052 diagnoses of HIV-1
infection in the United States. The 17 jurisdictions included in this
analysis reported 253,306 of those infections, comprising 65.1% of
all HIV-1 diagnoses in the United States. Of these reported in-
fections, 121,793 (48%) had HIV-1 polymerase sequences available
and met the requirements for inclusion. As expected, subtype B was
predominant, identified as the subtype in 114,034 (93.6%) of re-
ported sequences. Non-B sequences were distributed as follows:
3421 (2.8%) were non-B pure subtypes, 2428 (2.0%) were CRFs, and
1910 (1.6%) were unassigned. The five most common non-B sub-
types and CRFs were C (1604, 1.3%); CRFO2_AG (1087, 0.9%); A (898,
0.7%); CRFO1_AE (731, 0.6%); and G (569, 0.5%).

Overall, 7759 (6.4%) sequences were non-B subtypes or CRFs.
Analysis of demographic and geographic characteristics showed
substantial variation in the percentage of non-B subtypes or CRFs by
sex, age at diagnosis, race or ethnicity, transmission category, and
area of residence at diagnosis (Table 1). Subgroups with relatively
high percentages (>10%) of non-B subtypes were females (12.9%),
those aged less than 13 years at diagnosis (38.4%), Asians (32.8%),
females with HIV infection attributed to heterosexual contact
(13.8%), males with HIV infection attributed to heterosexual contact
(10.0%), and persons with HIV infection attributed to perinatal
transmission (33.9%). Of the jurisdictions included in this analysis,
the highest percentage of non-B subtypes occurred in Washington

Table 2

Subtype assignment, by world region of birth, 17 U.S. states 2008—2016
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Foreign country/region

USA and
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%
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" All CRFs with prevalence <0.05%.
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Fig. 1. Prevalence of common non-B subtypes and circulating recombinant forms, by year of diagnosis, 17 U.S. states, 2008—2016.

(11.8%), Maryland (10.9%), and Virginia (10.1%). Multivariable anal-
ysis including all variables listed in Table 1 demonstrated that all
variables were significantly associated with subtype or CRF (B vs.
non-B) at P < .0001 except sex (P = .4).

Non-B subtypes were present in 20.4% of foreign-born persons
compared with 3.2% of U.S.-born persons (Table 2). The prevalence
of non-B subtypes varied by geographical region of birth, and the
identified subtypes generally matched the expected subtype dis-
tribution from the birth region. Subtype B was the dominant sub-
type among foreign-born persons from every geographical region
except Africa. The top four most common non-B subtypes or CRFs
among foreign-born persons were as follows: for persons born in
Africa: C (29.4%), CRF02_AG (19.7%), A (14.0%), and G (8.1%); for
persons born in Asia: CRFO1_AE (17.9%), C (6.6%), A (4.6%), and
CRFO7 (2.5%); for persons born in Europe: A (7.1%), F (1.9%),
CRF02_AG (1.1%), and C (1.0%). Persons born in the Caribbean had
elevated percentages of CRF 24 (1.4%), G (1.3%), CRF 20 (1.2%), and D
(1.2%). Persons born in Central and South America or elsewhere in
North America (besides the United States and Mexico) had very
high percentages with subtype B infection (>94.5%).

When looking at subtype or CRF trends during 2008—2016, non-
B subtypes as a group increased over time from 5.0% in 2008 to 8.5%
in 2016 (data not shown). When separated into individual subtypes,
the prevalence of most non-B subtypes was stable (<100% increase
or decrease); however, subtype G and CRFO1_AE showed increases
over time (Fig. 1). Notably, CRF20 and CRF24 became much more
common later in the analysis period; two-thirds of the CRF20 (66/
99) and CRF24 (119/173) sequences came from the last 3 years of
the 9-year period (data not shown). The percentage of unassigned
sequences also increased and may be suggestive of an increase in
unique recombinant forms over the study period.

Discussion

Consistent with previous analyses of U.S. surveillance data,
subtype B was the most prevalent strain found in the 17 U.S. ju-
risdictions included in this analysis. Although non-B subtypes were
not widespread in these jurisdictions, the percentage of non-B
subtypes increased from 2008 through 2016. Most non-B subtype

percentages appeared steady over the study period, however, the
prevalence of subtype G and CRFO1_AE more than doubled, and we
detected emergence of CRF20 and CRF24, which were rare previ-
ously. When subtypes were linked to demographic data, females,
persons aged less than 13 years at diagnosis, Asian, female high-risk
heterosexual contact, and perinatal transmission subgroups
showed an increased prevalence of non-B subtypes. Again, we also
found a higher prevalence of non-B subtypes among foreign-born
persons that appeared to be driven by persons born in Africa.

In a local geographic region, an increasing prevalence of a non-B
subtype or CRF in diagnosed HIV cases could be an indicator of
rapid HIV-1 transmission. Local officials could possibly use subtype
prevalence coupled with demographic data and other molecular
analysis to identify ongoing HIV-1 transmission and initiate tar-
geted prevention activities.

This analysis was limited in that only 17 jurisdictions met the
completeness requirement (>30%) for this analysis. Although the
contributing jurisdictions cover 65.1% of diagnoses reported to the
NHSS, not all persons had sequence data available, and findings
may not be applicable to the entire United States. Still, this is an
increase from the seven states included in our previous analysis.
Future work will be needed to understand the increase in possible
unique recombinant forms.

Conclusions

Although HIV-1 nonsubtype B strains are not prevalent in the
United States at present, diversity and numbers appear to be
increasing, which could have important consequences for trans-
mission concerns, disease progression, clinical management, diag-
nostic testing, and vaccine development. Continued monitoring of
non-B subtypes and investigation of associations between sub-
types and demographic subgroups will give a better understanding
of HIV infection in the United States.
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