
BRIEF REPORT: EPIDEMIOLOGY
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Background: The widespread use of antiretroviral treatment made
HIV prevalence no longer a good measure of population-level
transmission risk. The objective of this analysis was to use the
prevalence of unsuppressed HIV to describe population-level HIV
transmission risk.

Methods: Using New York City (NYC) HIV surveillance data, we
reported HIV prevalence and the prevalence of unsuppressed HIV,
defined as the number of persons living with HIV with an unsup-
pressed viral load divided by population size.

Results: The estimated number of persons living with HIV in
NYC increased from 79,100 [95% confidence interval (CI):
78,200 to 80,000] in 2010 to 81,700 (95% CI: 80,500 to 82,900)
in 2014. HIV prevalence ($18 years old) remained unchanged at
1.22% (95% CI: 1.21% to 1.24%) in 2010 and 1.22% (95% CI:
1.20% to 1.24%) in 2014. The prevalence of unsuppressed HIV
($18 years old) steadily decreased from 0.49% (95% CI: 0.48%
to 0.51%) in 2010 to 0.34% (95% CI: 0.32% to 0.36%) in 2014.
Men had both higher HIV prevalence (1.86% vs. 0.65% in 2014)
and higher prevalence of unsuppressed HIV (0.51% vs. 0.18% in
2014) than women. In 2014, the black–white ratio of prevalence
of unsuppressed HIV was 5.8 among men and 26.3 among
women, and the Hispanic–white ratio was 2.7 among men and
10.0 among women.

Conclusions: The prevalence of unsuppressed HIV has been
steadily decreasing in NYC. As antiretroviral treatment continues
to expand, programs should consider using the prevalence of
unsuppressed HIV to measure population-level transmission risk.
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Before antiretroviral treatment (ART) was available, HIV
prevalence could be used to describe disease burden and

quantify population-level HIV transmission risk. ART can
reduce HIV-infected persons’ risk of transmission of HIV.1,2

After the wide use of ART, HIV prevalence can no longer be
considered a good measure of population-level transmission risk.

The prevalence of unsuppressed HIV, previously termed
“transmission potential prevalence,” “prevalence of uncon-
trolled HIV infection,” and “prevalence of viremia,” has been
proposed to describe population-level HIV transmission.3–5 One
recent study from India found that the prevalence of unsup-
pressed HIV had the strongest correlation with HIV incidence,
compared with other community viral load measures.5 In this
analysis, we report HIV prevalence and the prevalence of
unsuppressed HIV in New York City (NYC), 2010–2014.

METHODS

Data Sources
The NYC HIV surveillance registry was the data source

for the 2 numerators, (1) the number of persons living with
HIV (PLWH), and (2) the number of PLWH with an
unsuppressed viral load. NYC 2010–2014 population esti-
mates from the U.S. Census Bureau were the data source for
the denominator.

Measures

HIV Prevalence
We estimated HIV prevalence in NYC, 2010–2014, for

the population 18 years or older. The numerator for each year
was the sum of the following 3 populations: (1) PLWH who
had not been diagnosed, (2) PLWH who had been diagnosed
and were in care ($1 CD4/viral load test in the calendar
year),6 and (3) PLWH who had been diagnosed but were out
of care.6 PLWH who were receiving HIV care in NYC but
living outside NYC were excluded from the numerator.

PLWH who had not been diagnosed were estimated
based on a back-calculation method and by running statistical
programs developed by the Centers for Disease Control and
Prevention (CDC) for local use on NYC HIV surveillance
data.7,8 PLWH who had been diagnosed and were in care
were directly obtained from the NYC HIV registry.6 PLWH
who had been diagnosed but were out of care were estimated
based on in-care patients who were previously out of care and
returned in the year, using a previously described statistical
weighting method.9,10
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Prevalence of Unsuppressed HIV
Unsuppressed HIV was defined as an HIV-infected

person whose last viral load in the year was .200 copies/
mL.3 The numerator of the prevalence of unsuppressed HIV
for each year was the sum of the following 3 populations: (1)
PLWH who had not been diagnosed, (2) PLWH who had
been diagnosed and were in care but were not virally
suppressed, and (3) PLWH who had been diagnosed but
were out of care and not virally suppressed. We assumed that
all PLWH who had not been diagnosed were viremic.7

PLWH who had been diagnosed and were in care but not
virally suppressed were obtained directly from the regis-
try.11,12 PLWH who had been diagnosed but were out of care
and not virally suppressed were estimated based on those
patients who were previously out of care and whose first viral
load value in the year of return was .200 copies/mL, also
using the statistical weighting method.9,10

Data Analysis
We describe the number of PLWH and present HIV

prevalence and the prevalence of unsuppressed HIV in NYC,
2010–2014, by characteristics.13 Because data used in the
analysis were routinely collected population-based surveil-
lance data and most categories had large cell sizes, direct
comparisons were made without formal statistical testing or
reporting of P values.14

RESULTS
In NYC, the estimated total number of PLWH

including both diagnosed and undiagnosed increased from
79,100 [95% confidence interval (CI): 78,200 to 80,000] in
2010 to 81,700 (95% CI: 80,500 to 82,900) in 2014 (Table
1). The number among men increased from 55,400 in 2010
to 58,300 in 2014, and the number among women remained
essentially unchanged from 23,600 in 2010 to 23,300 in
2014. Blacks accounted for two-fifths of male cases and
three-fifths of female cases during 2010–2014. The pro-
portion of cases aged 65 years or older increased from 4.7%
in 2010 to 7.2% in 2014 among men, and 4.3% in 2010 to
7.6% in 2014 among women.

HIV prevalence in NYC remained unchanged at
1.22% (95% CI: 1.21% to 1.24%) in 2010 and 1.22%
(95% CI: 1.20% to 1.24%) in 2014. The prevalence of
unsuppressed HIV steadily decreased from 0.49% (95% CI:
0.48% to 0.51%) in 2010 to 0.34% (95% CI: 0.32% to
0.36%) in 2014 (Fig. 1).

In the Supplemental Digital Content, eFigure 1, http://
links.lww.com/QAI/A978 shows the same patterns in men
that all races/ethnicities had stable HIV prevalence and
decreasing prevalence of unsuppressed HIV. Black men had
the highest HIV prevalence and prevalence of unsuppressed
HIV. The black–white ratio of prevalence of unsuppressed
HIV was larger (1.302%/0.226% = 5.8 in 2014) than the
black–white HIV prevalence ratio (3.763%/1.170% = 3.2 in
2014). Hispanics had the second highest HIV prevalence and
prevalence of unsuppressed HIV. The Hispanic–white ratio of
prevalence of unsuppressed HIV was also larger (0.607%/

0.226% = 2.7 in 2014) than the Hispanic–white HIV preva-
lence ratio (2.257%/1.170% = 1.9 in 2014).

eFigure 2, http://links.lww.com/QAI/A978 shows the
same patterns in women that all race/ethnicities had stable HIV
prevalence and decreasing prevalence of unsuppressed HIV.
Black women had the highest HIV prevalence and prevalence
of unsuppressed HIV. The black–white ratio of prevalence of
unsuppressed HIV was larger (0.524%/0.020% = 26.3 in 2014)
than the black–white HIV prevalence ratio (1.678%/0.101% =
16.7 in 2014). Hispanics had the second highest HIV preva-
lence and prevalence of unsuppressed HIV. The Hispanic–
white ratio of prevalence of unsuppressed HIV was also larger
(0.199%/0.020% = 10.0 in 2014) than the Hispanic–white HIV
prevalence ratio (0.801%/0.101% = 8.0 in 2014).

eFigure 3, http://links.lww.com/QAI/A978 shows a dif-
ferent pattern by age from the overall one in that male HIV
prevalence increased among persons aged 25–34, 55–64, and
65+ year-olds, was stable among 18–24-year-olds, and

FIGURE 1. HIV prevalence and the prevalence of unsup-
pressed HIV ($18 years old) in New York City, 2010–2014,
overall and by sex.
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decreased among 35–44 and 45–54-year-olds. The prevalence
of unsuppressed HIV increased among 65+ year-olds and
decreased in all other age groups. The 45–54-year-old group
had the highest HIV prevalence (3.35% in 2014) and highest
prevalence of unsuppressed HIV (0.73% in 2014).

eFigure 4, http://links.lww.com/QAI/A978 differs from
the overall pattern in that women HIV prevalence increased
among 55–64 and 65+ year-olds, was stable among 18–24-
year-olds, and decreased among 25–34, 35–44, and 45–54-
year-olds. The prevalence of unsuppressed HIV was stable
among 65+ year-olds and decreased in all other age groups.
As with men, 45–54-year-olds had the highest HIV preva-
lence (1.39% in 2014) and highest prevalence of unsup-
pressed HIV (0.33% in 2014).

DISCUSSION
We have reported HIV prevalence and the prevalence

of unsuppressed HIV in NYC, 2010–2014. HIV prevalence
was used to describe the disease burden. The stable preva-

lence (1.22%) in NYC reflects the fact that the increase in the
number of PLWH (numerator) was offset by the increase in
the population (denominator). The prevalence of unsup-
pressed HIV was used to describe population-level trans-
mission risk. In NYC, this prevalence decreased from 0.49%
in 2010 to 0.34% in 2014, indicating that population-level
transmission risk in NYC was decreasing. The large decrease
between 2011 and 2012 occurred after the recommendation
by the New York City Commissioner of Health that ART be
started for all PLWH regardless of their CD4 cell count.15

Comparing differences across racial/ethnic groups, the
2 measures also give us a new perspective on racial
disparities. For example, among women the black–white
ratio of HIV prevalence was 17 and that of unsuppressed HIV
was 26. The differences in these 2 ratios demonstrate that
people of color have higher HIV disease burden (HIV prev-
alence) and even higher population-level HIV transmission
risk (prevalence of unsuppressed HIV).16

Comparing differences across age groups, we observed
that the prevalence of unsuppressed HIV was decreasing in all

TABLE 1. Estimated Number of Persons Aged 18 Years or Older Living With HIV in New York City, 2010–2014, by Sex, Race/
Ethnicity, and Age*

2010, N (%)† 2011, N (%)† 2012, N (%)† 2013, N (%)† 2014, N (%)†

Total (95% CI) 79,100 (78,200 to 80,000) 79,600 (78,700 to 80,500) 80,500 (79,300 to 81,600) 81,400 (80,200 to 82,600) 81,700 (80,500 to 82,900)

Male (95% CI) 55,400 (54,900 to 56,200) 56,000 (55,300 to 56,800) 56,800 (56,000 to 57,800) 57,800 (56,900 to 58,800) 58,300 (57,500 to 59,300)

Race/ethnicity

Black 23,059 (41.5) 23,427 (41.7) 23,707 (41.6) 24,400 (41.9) 24,481 (41.5)

Hispanic 18,520 (33.3) 18,644 (33.2) 18,972 (33.3) 19,121 (32.8) 19,688 (33.4)

White 12,509 (22.5) 12,492 (22.2) 12,699 (22.3) 12,927 (22.2) 12,937 (21.9)

API 1183 (2.1) 1296 (2.3) 1348 (2.4) 1426 (2.4) 1533 (2.6)

Other 327 (0.6) 321 (0.6) 316 (0.6) 411 (0.7) 395 (0.7)

Age

18–24 4220 (7.6) 4257 (7.5) 4269 (7.4) 4322 (7.3) 3966 (6.7)

25–34 8088 (14.5) 8694 (15.4) 9339 (16.2) 10,137 (17.2) 10,513 (17.7)

35–44 12,867 (23.0) 12,147 (21.5) 11,306 (19.6) 10,822 (18.4) 10,505 (17.7)

45–54 18,430 (33.0) 18,299 (32.4) 18,412 (32.0) 18,154 (30.8) 17,884 (30.1)

55–64 9596 (17.2) 10,179 (18.0) 10,907 (18.9) 11,666 (19.8) 12,310 (20.7)

65+ 2622 (4.7) 2944 (5.2) 3334 (5.8) 3772 (6.4) 4268 (7.2)

Female (95% CI) 23,600 (23,200 to 24,100) 23,500 (23,100 to 24,000) 23,500 (23,000 to 24,100) 23,500 (23,000 to 24,100) 23,300 (22,800 to 23,800)

Race/ethnicity

Black 14,028 (59.6) 14,057 (59.9) 14,079 (60.0) 14,087 (59.9) 14,097 (60.3)

Hispanic 7811 (33.2) 7731 (33.0) 7694 (32.8) 7774 (33.0) 7667 (32.8)

White 1312 (5.6) 1277 (5.4) 1265 (5.4) 1262 (5.4) 1199 (5.1)

API 276 (1.2) 280 (1.2) 307 (1.3) 295 (1.3) 277 (1.2)

Other 113 (0.5) 114 (0.5) 110 (0.5) 118 (0.5) 145 (0.6)

Age

18–24 1665 (7.0) 1822 (7.6) 1769 (7.4) 1726 (7.2) 1546 (6.5)

25–34 2907 (12.1) 2766 (11.5) 2580 (10.8) 2621 (10.9) 2542 (10.7)

35–44 5685 (23.7) 5107 (21.3) 4768 (19.9) 4536 (18.9) 4293 (18.1)

45–54 8699 (36.3) 8714 (36.3) 8579 (35.8) 8359 (34.8) 8091 (34.1)

55–64 3951 (16.5) 4370 (18.2) 4837 (20.2) 5144 (21.4) 5464 (23.0)

65+ 1037 (4.3) 1213 (5.1) 1413 (5.9) 1622 (6.8) 1812 (7.6)

*Patients receiving HIV care in New York City (NYC) but living outside NYC were excluded.
†Sum may be slightly different from total or subtotal because numbers by sex, age, and race/ethnicity were estimated independently and total and subtotals were rounded to the

nearest 100.
API, Asian/Pacific Islanders; HIV, human immunodeficiency virus.
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age groups, and HIV prevalence was stable or decreasing in
younger age groups but increasing in older age groups,
suggesting that PLWH with unsuppressed viral load were
living a longer life.17

The measure, prevalence of unsuppressed HIV, has
limitations. First, the measure does not quantify the exact
population-level transmission risk. For example, if the
prevalence of unsuppressed HIV in a community decreased
from 1.0% to 0.5%, we could say that the prevalence of
unsuppressed HIV decreased by 50% and population-level
transmission risk was reduced, but we could not say that
population-level transmission risk was reduced by 50%
because population-level transmission risk depends on many
factors in addition to the prevalence of unsuppressed HIV,
such as sexual network structure and dynamics, sexual
practices, and practices and networks of persons who inject
drugs.18–21 This limitation also applies to the measure of
viral load as an individual’s transmission risk because
individual transmission risk also depends on many factors
beyond viral load as noted.22,23 Nevertheless, it does not
prevent us from using viral load as a measure of an
individual’s transmission risk,24–26 nor should it prevent us
from using the prevalence of unsuppressed HIV as a measure
of population-level transmission risk.

Second, a more accurate measure of population-level
transmission risk would be the ratio of the number of
persons able to transmit HIV (PLWH with an unsuppressed
viral load) to the number of persons who are at risk of
infection (HIV-negative individuals). When HIV prevalence
is low, the prevalence of unsuppressed HIV is a good
approximation of the ratio, but when HIV prevalence is
high, the prevalence is no longer a good approximation. For
example, when HIV prevalence is 5%, the ratio would be
5.3% (5%/95% = 5.3%); when HIV prevalence is 20%, the
ratio would be 25% (20%/80% = 25%). Although HIV
prevalence is high in some communities, it is not so high
that it makes the prevalence of unsuppressed HIV very
different from the ratio. In addition, when we make
comparisons, we usually compare 2 communities with
similar HIV prevalence. Thus, the difference between the
prevalence of unsuppressed HIV and the ratio would have
little impact. Finally, the prevalence of unsuppressed HIV
has 2 advantages over the ratio: (1) it can be presented with
HIV prevalence in the same figure, and (2) it can be used
with HIV prevalence to compute another measure, the
proportion of PLWH with viral suppression. Therefore, we
propose using the prevalence of unsuppressed HIV, instead
of the ratio, to measure population-level transmission risk.

Third, an individual’s viral load is dichotomized into 2
categories, suppressed and unsuppressed, for this estimate.
This means that all persons with an unsuppressed viral load
are given the same weight, although it is known that
transmission risk is directly proportional to viral load.24,26

Some studies suggest that HIV transmission is unlikely to
occur when viral load is less than 1500 copies/mL.24,25 The
threshold of 200 copies/mL to define unsuppressed viral load
for the measure of population-level transmission risk may
seem to be too low. The reason for dichotomizing viral load is
that there is no consensus on the weights for any given viral

load value or interval. Although studies show that each 10-
fold increase in viral load increases the risk of HIV trans-
mission by approximately 3-fold,24,26 there is no reason to
believe that 1 person with a viral load of 100,000 copies/mL
is as “risky” as 3 persons with a viral load of 10,000 copies/
mL and should therefore receive 3 times the weight.18

Besides the simplicity of dichotomizing viral loads, another
advantage of this measure is that it calculates the potential
workload for public health intervention, ie, number of persons
who need ART and/or adherence support to control their viral
loads. A 1% prevalence of unsuppressed HIV means that 1 in
100 people in the community needs ART and/or adherence
support. We choose 200 copies/mL as the threshold because it
is used by CDC to monitor the progress toward achieving
viral suppression goals in the National HIV/AIDS Strategy.

In conclusion, the prevalence of unsuppressed HIV is
a useful measure of population-level transmission risk. In our
analysis, we used surveillance data to describe the preva-
lence of unsuppressed HIV by sex, race/ethnicity, and age.
The prevalence of unsuppressed HIV among risk populations
can be estimated using data from cross-sectional sur-
veys.27,28 As ART continues to expand in the United States
and across the world, programs should consider using the
prevalence of unsuppressed HIV to measure population-level
transmission risk.15,29
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