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Objectives. To assess and control a potential outbreak of HIV among people who

inject drugs in Western North Carolina.

Methods. Disease intervention specialists offered testing for hepatitis B and hepatitis

C, harm reduction materials, and linkage to care to 7 linked people recently diagnosed

with HIV who also injected drugs. Contacts were offered the same services and HIV

testing. HIV genotype analysis was used to characterize HIV spread.We assessed testing

and care outcomes by using state surveillance information.

Results. Disease intervention specialists contacted 6 of 7 linked group members and

received information on 177 contacts; among 96 prioritized contacts, 42 of 96 (44%)

were exposed to or diagnosedwith hepatitis C, 4 of 96 (4%) had hepatitis B, and 14 of 96

(15%) had HIV (2 newly diagnosed during the investigation). HIV genotype analysis

suggested recent transmission to linkedgroupmembers and1 contact. Elevenof 14with

HIV were virally suppressed following the outbreak response.

Conclusions. North Carolina identified and rapidly responded to an HIV outbreak

among people reporting injecting drugs. Effective HIV care, the availability of syringe

exchange services, and the rapid response likely contributed to controlling this outbreak.

(Am J Public Health. 2020;110:394–400. doi:10.2105/AJPH.2019.305490)

See also Cranston, p. 276.

Among people diagnosedwithHIV in the
United States in 2017, 9.4% of the

transmission was attributed to injection drug
use1; in North Carolina it was 4%.2 These
figures have remained stable for the past 5
years. However, poor health outcomes as-
sociated with injection drug use, including
death from overdose, have increased dra-
matically both nationally3 and in North
Carolina.4 While these outcomes may be
attributable to the use of increasingly dan-
gerous drugs such as fentanyl, it is also possible
that an increase in overall injections of drugs
is a contributor; if so, an increase in HIV
transmission related to injection drug use
could also be expected.

This scenario was observed in 2014, when
a severe outbreak of HIV and HCV infec-
tions was detected among people who inject
drugs in Scott County, Indiana.5 Following
that outbreak, the Centers for Disease Con-
trol and Prevention conducted an analysis to

identify counties vulnerable to a similar
outbreak.6 Many of the identified high-risk
counties were in the rural and low-income
Appalachian regions of the United States, in-
cludingNorthCarolina’s Appalachian region.
Like other states, North Carolina tracks re-
ports of injection drug use among people
newly diagnosed with HIV, particularly in
counties identified by Centers for Disease
Control and Prevention and the North

Carolina Division of Public Health (NC
DPH) as at high risk for an outbreak.

Concurrent with these efforts, work by
harm-reduction advocates in North Carolina
resulted in the successful passage of legisla-
tion legalizing syringe exchange organizations
in 2016. Although syringe exchange ser-
vices had been operating in North Carolina
before 2016 (C.R.C., oral communication,
December 10, 2018), because of this legali-
zation and publicity around poor health
outcomes attributed to injection drug use,
funding and subsequently the number of
consumers served by syringe exchange ser-
vices increased between 2016 and 2018.7 In
2018, syringe exchange services were serv-
ing 34 of the 100 counties in North Carolina.

Also concurrent with these efforts,
North Carolina has improved access to care
for HIV. Each county in North Carolina has
a local health department that offers free
testing and treatment of sexually transmitted
infections. More than 95% of people newly
diagnosed with HIV in North Carolina
each year are interviewed to ensure partner
notification, collect information about peo-
ple living with HIV and their transmission
risk, and ensure linkage to care (V.M.,
North Carolina Division of Public Health
Field Services Unit, e-mail communication,
January 10, 2019). In 2018, 91% of people
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newly diagnosed with HIV were linked to
care within 6 months.8

In early 2018, a review of cases in western
North Carolina identified an increase in new
HIV diagnoses among people who inject
drugs in that region, from 2 cases in 2016
to 10 in 2017. Upon further investigation,
NC DPH identified a group of 7 epide-
miologically linked people (i.e., people
naming each other as sexual or needle-
sharing partners) who reported injection
drug use, among whom 5 were diagnosed
with HIV between 2017 and early 2018
from 3 neighboring counties. To investi-
gate this increase, the NC DPH mounted
a public health response. The response
included molecular surveillance for
HIV and phylodynamic analysis of HIV
genetic sequences; these techniques were
novel to HIV outbreak response in North
Carolina. We hypothesized that use of
heroin or other opioids by injection
would be more prevalent in this group
than among other groups of people with
HIV and their contacts, and that we would
find more than 5 new cases of HIV resulting
from transmission between people injecting
drugs.

METHODS
The investigation covered an area cen-

tered on 3 counties in the western region
of North Carolina. During the outbreak
response, disease investigation specialists
attempted to interview all people living
with HIV identified in the original group
of 7 (referred to as the outbreak group) to
collect demographic, clinical, sexual expo-
sure, and drug use information. Disease in-
vestigation specialist intervention with
members of this group not in care forHIV also
included attempts to make care appoint-
ments and confirm that appointments
were attended. Disease investigation spe-
cialists also attempted to interview con-
tacts referred by the outbreak group; this
investigation was focused on injection
drug use partners. People were identified
as epidemiologically linked to the group
if referred by an outbreak group member
or their contacts during the investiga-
tion conducted during March through

October 2018. Contacts included primary
sex and needle-sharing contacts (named
by someone in the original group),
secondary contacts (named by a primary
contact), and tertiary contacts (named
by a secondary contact). Attempts were
made to locate and offer testing to all
contacts.

Positive laboratory test results for con-
firmed HIV8; acute or chronic hepatitis
B (HBV), confirmed9,10; and acute or
chronic, confirmed or probable HCV11,12

were reported to NC DPH; patients were
also tested for syphilis, but there were no
positive results. All data collected, including
laboratory results, clinical and risk data,
and contact investigation results were cap-
tured in North Carolina’s electronic disease
surveillance system. We constructed net-
work diagrams based on partnership in-
formation at the beginning and monthly
following the investigation by using
UCINET (version 6.682) and Netdraw
(version 2.168; Analytic Technologies,
Lexington, KY).

HIV nucleotide sequences were reported
by reference laboratories each month.13

Molecular clusters were identified as previ-
ously described13 as identification of 2 or
more persons with reverse transcriptase
and protease sequences with TN-93 pair-
wise genetic distances of 1.5% or less.
Outbreak-linked clusters were confirmed
and further interrogated using phyloge-
netic trees. We conducted phylodynamic
analyses as previously described14 in BEAST
version 2.4.815 using the GTR + g model
of nucleotide substitution, a Bayesian
Skyline coalescent prior, and a relaxed
log-normal molecular clock to evaluate
transmission timing and the effective
reproductive number (Re) within a
single cluster at the center of the outbreak
investigation. This evaluation of transmis-
sion timing allowed us to estimate the years
over which the outbreak transmissions
occurred.

We assessed the number of contacts lo-
cated, interviewed, and newly diagnosed
with HIV, HBV, or HCV. A person was
considered newly diagnosed with HIV if
the laboratory results indicated confirmed
HIV infection and no record of earlier
diagnosis could be identified, and previ-
ously diagnosed if a record of diagnosis

before the outbreak period existed in
North Carolina surveillance records. We
counted the number of new diagnoses
of HIV in genetic clusters containing
outbreak group members and the
number and proportion of people with
HIV linked to care and virally suppressed
(< 200 virus copies per mL). We also
summarized the drugs reported to be used
by injection in this network. We used
network links (both social and genetic)
to understand whether new HIV cases
were linked to the outbreak group and
could be considered as spread of the out-
break. We used indicators of linkage to
care (Medicaid HIV appointment date,
HIV Medication Assistance Program
drug dispense, CAREWare appointment
date, CD4 test result date, HIV viral
load result date) and viral load information
to determine public health success in de-
creasing exposure to HIV in the outbreak
network.

RESULTS
In March of 2018, disease investigators

attempted to contact the 7 original linked
group members. Figure 1a shows the social
network links known at the beginning of
the investigation, including the linked
people newly diagnosed with HIV and
reporting injection drug use. Six of the 7
were successfully contacted, and investi-
gators were informed of 177 primary,
secondary, and tertiary injection drug use
network contacts. Among this group, 96
people were reported to be linked to the
original group by sharing needles (needle-
sharing contacts); 28 of these were also
linked by sexual partnerships (sex contacts).
This group of 96 was prioritized for in-
terview, and these interviews were
attempted by the 2 disease investigation
specialist staff based in the region and 2 staff
temporarily posted to the region. Of these
referred contacts, 22 of 96 (23%) were
impossible to locate or out of state and 2
were deceased; the remaining 72 (75%)
were contacted. The final contact index was
10 contacts interviewed per original case
patient. Figure 1b shows the network
generated at the close of the investigation,
in October 2018. This network shows a
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highly linked component of people re-
porting injection drug use; this group was
linked by few connections to networks of
other people diagnosed with HIV in the
region.

Among the total group investigated
(n = 103; 7members of the original group and
96 contacts), 41 (40%) were women and 62
(60%) were men (0 transgender). Ages ranged
from 20 to 63 years, and the majority were

middle-aged (median= 36 years; interquartile
range = 30–44 years). The majority reported
being non-Hispanic White (96%), 2 reported
being Asian, and 2 reported being White and
Hispanic.
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Note. IDU = injecting drug user. These charts show the original group of 7, which was the core of the investigation, and their contacts. Each triangle represents a person
reporting injection drug use or named as a needle-sharing partner by a person diagnosed with HIV; squares represent people with no report of injection drug use. Partner
type is not indicated. Large triangles indicate theoriginal groupof7 that started the investigation. Shades indicateHIV status: black represents people newly diagnosedwith
HIV in Western North Carolina on or after March 1, 2018; dark gray represents people diagnosed with HIV before March 1, 2018 (both newly diagnosed people and their
contacts); light gray represents people named as contacts who had a negative test result for HIV in 2018; and white indicates people named as contacts for whom no HIV
test result is available. Arrows indicate the direction of partner naming. Figure 1a: Social network of original group before investigation (March 2018); the original group
of 7 (indicated by large triangles) is labeled O1–O7. Figure 1b: Social network following investigation (October 2018). Dark lines indicate the new connections identified
during the investigation, while light lines indicate the connections shown in Figure 1a.

FIGURE1—Social NetworkDiagramof (a) theOutbreakGroup and (b) Their Contacts Residing inWesternNorth Carolina: January 2017–March
2018

AJPH OPEN-THEMED RESEARCH

396 Research Peer Reviewed Samoff et al. AJPH March 2020, Vol 110, No. 3



Disease and Care Outcomes
Sixty-five of the 96 contacts were tested

for HIV and HBV infection and either past or
present HCV infection during the investi-
gation, and test results for an additional 29
were found in surveillance data. Of the total
96, HCV exposure was identified in 42 (44%;
20 with HCV antibody test results with or
without HCV RNA testing for current vi-
remia during the investigation, 22 with HCV
detected from surveillance records), current
HBV infection was identified in 4 (4%; 2
diagnosed during the investigation), and
current HIV infection was identified in
14 (15%; the original linked group of 7, 5
identified from surveillance records and di-
agnosed before 2017, and 2 diagnosed during
the investigation). Nine of the 14 people with
HIV had confirmed HCV coinfection in-
cluding 6 of the original group. Figure 2
shows testing outcomes.

Nine people newly or previously diag-
nosed with HIV participated in a full case
interview as part of this investigation and
provided information on the drugs being
used. They reported injecting methamphet-
amines (named by 6 people; 66%), heroin
(n = 1; 11%), narcotics or other nonheroin
opioids (n = 2; 22%), and cocaine (n= 1;

11%). In comparison, among the 43 people
newly diagnosed with HIV in 2017 and
reporting injection drug use who were not
linked to this investigation, the injecting use
of heroin (n = 12; 28%) was most frequently
reported, followed by methamphetamines
(n = 11; 26%), cocaine (n= 9; 21%), narcotics
or other opioids (n = 4; 9%), and crack (n = 4;
9%).

Genetic clusters were identified from
12 243 people living with HIV in North
Carolina with available viral sequences, in-
cluding all the people identified in the net-
work as investigation cases. Five of the
outbreak group and 1 person newly diag-
nosed with HIV were linked in a primary
genetic cluster containing a total of 14 indi-
viduals diagnosed between 2011 and 2018
(Figure A); within this genetic cluster, 6
people linked in the investigation reported
injection drug use. Phylodynamic analyses
identified the primary genetic distance cluster
as a single phylogenetic cluster, where the
6 people reporting injection drug use com-
prised a distinct subcluster. Based on this
phylodynamic analysis, 5 of these 6 trans-
missions were estimated to have originated
after 2016, suggesting a recent outbreak. The
phylogenetic cluster showed 2 or more

transmissions per year and an Re of 1.6 (95%
highest probability density interval = 0.5, 2.9;
Figure A). No cases linked to the cluster
containing 5 of the 7 investigation cases have
been identified between the investigation and
the writing of this article, although people
have been newly diagnosed with HIV in the
region and linked to other genetic clusters.

All people testing positive during the in-
vestigation were referred to providers of
care and treatment of HIV, HCV, and HBV
by trained linkage counselors. Before the
commencement of the investigation, 7 of 7
people in the original linked group had been
linked to care for HIV at the time of their
diagnosis. Three of the 7 had records of viral
suppression within the 12 months before the
investigation; the remaining 4 were assumed
to be not virally suppressed. Although in-
formation on use of the syringe exchange was
not collected from all investigation partici-
pants, some did report use of the exchange,
including 2 people living with HIV.

Care and viral suppression dynamics for the
outbreak group and the 2 people newly di-
agnosed are shown in Figure 3. At 6 and 12
months following the identification of the
outbreak, we reviewed care outcomes fol-
lowing the investigation. In October 2018
(6 months), all of the 7 outbreak group mem-
bers and the 2 newly diagnosed people had
accessed care for HIV and 8 of these 9 people
were virally suppressed. As ofMarch 2019 (12
months), 5 of 7 people in the original group
and both people newly diagnosed during the
investigation remained virally suppressed; 1 of
the original 7 was deceased in March 2019,
and 1 did not have care records during the 12
months between February 2018 and February
2019 and is considered to be out of care. The
7 remaining people living with HIV linked
to the outbreak (diagnosed with HIV be-
fore 2017 and not genetically linked to the
outbreak cluster) had accessed HIV care at
least once since diagnosis; 6 of 7 were in care
as of March 2019 and 4 of 6 were virally
suppressed.

Programmatic Interventions
NC DPH created communication and

training programs to support local health care
services. Group conference calls and other
communication efforts weremade for a group
that included local health department staff

12

2

22
2

2

20

0

5

10

15

20

25

30

35

40

45

HIV Hepatitis B Hepatitis C

N
um

be
r o

f C
as

es

Previously diagnosed

New diagnosis

Note.HIV represents confirmed cases; hepatitis B, confirmed acute or chronic cases; hepatitis C, confirmed acute
and confirmed or probable chronic cases. The total number of people in the network was 96.

FIGURE 2—Number of People Diagnosed With Bloodborne Disease in the Investigated
Network Through May 2018: Western North Carolina
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from the 27 counties in the western region of
North Carolina, syringe service providers,
and community-based HIV organization
staff. NC DPH staff worked to increase
awareness among local health department
staff of the availability of hepatitis A and HBV
vaccine. Training in rapid test technology for
HIVwas provided to syringe service providers
and local health department staff. A small
number of contacts contacted during the
investigation reported use of local syringe
services; syringe service information was
provided to those not already aware of the
service, in addition to other harm-reduction
information and harm-reduction kits con-
taining materials for hygiene and wound care.
Longer-term collaboration with syringe ser-
vice providers has resulted in several collab-
orative testing events where state HCV
linkage counselors and outreach workers
worked with syringe service staff to host the
event and provide phlebotomy and linkage
services.

DISCUSSION
This public health investigation identified

a cluster of recent HIV transmissions among a

group of people reporting injection drug use
with a wide contact network, suggesting the
potential for a large outbreak.Our hypotheses
were not supported (neither heroin nor other
opioids were the most frequently injected
drug; we found only 2 new cases), suggesting
that this outbreak is different from previously
reported outbreaks of HIV among people
injecting drugs.5,16 Our early and rapid re-
sponse and community support ensured that
people both newly and previously diagnosed
with HIV were engaged with medical care.
Although this community was rural and
low-income, with the support of state per-
sonnel, staff of community-based organiza-
tions, and community providers, most people
living with HIV linked to the outbreak
achieved and maintained viral suppression.

High completeness of sequence data in the
outbreak region allowed the supplementation
of contact tracing network information with
molecular data. Sequencing results indicated
no additional linked cases, suggesting that the
allocation of additional investigation and
linkage to care resources to the region may
have prevented further transmission. This
finding is encouraging because the primary
cluster showed an effective reproductive
number of 1.6 in phylodynamic analyses and

may have continued to expand in the absence
of intervention.

We observed several differences between
this outbreak and larger outbreaks among
people who inject drugs, including the Scott
County outbreak.5,16 First, North Carolina’s
outbreak was recognized early in develop-
ment because of excellent disease investi-
gation work and capture of partner data in
our surveillance system, regular data review,
and good communication with local col-
leagues. Second, this community was
supported by syringe exchange services.
Finally, this outbreak occurred in an area
with access to health care for HIV. Access
to health care in this area includes several
HIV care practices within the affected
counties with capacity to take on new
patients and a strong commitment to
working as an integrated network, the
availability of Ryan White–funded medical
care, the HIV medication assistance pro-
gram, and support from state and local
linkage counselors. Rapid access to care and
treatment of HIV with subsequent viral
suppression decreases the potential risk to
the larger community. Overall, 68% of
people known to be living with HIV in
North Carolina were retained in care

Person Jan 2016 Jan 2017 Jan 2018 
Jan 
2019

O-1 

O-2 

O-3 

O-4 

O-5 

O-6 

O-7 

N-1 

N-2 

Deceased  
March 2019

In care and suppressed 

In care but not suppressed 

No evidence of care; presumed not virally suppressed Month of diagnosis 

Note. Month of diagnosis (striped), months with no evidence of medical care based on surveillance records (black), evidence of regular access to medical care but viral
loads greater than 200 copies per milliliter (gray) and evidence of regular access to care and suppressed viral loads (pale gray) are shown across the estimated outbreak
period. Rows O-1 through O-7 show the 7 original group members, and N-1 and N-2 are the 2 people newly diagnosed with HIV.

FIGURE 3—Viral Load Dynamics Among the Original Group of Outbreak Case-Patients During the Outbreak:Western North Carolina, 2016 to
January 2019
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in 2018; among people diagnosed in the past
5 years, this rate was 73%.

While only a small number of new HIV
cases were identified, a higher proportion of
people involved in the network had evidence
of HBV or HCV exposure or infection. This
created an opportunity to perform integrated
testing and linkage to care, and therefore serve
this community more effectively at both the
public health and provider levels. A final
benefit of this integrated outbreak response
was the ability to communicate about
this kind of outbreak (bloodborne and
characterized by multiple infections) to pro-
viders in the region.

This analysis was subject to certain limi-
tations. Following our normal practice, the
extensive interview performed with people
diagnosed with disease was not performed
with contacts; therefore, information on the
use of specific drugs such as methamphet-
amine, and protective behaviors, including
use of a syringe exchange, was not available
from this group. This limits our ability to draw
conclusions about the use of syringe exchange
services in preventing the spread of disease. It
is important to recognize that some people
living with HIV and contacts did report using
the syringe exchange, which is likely to have
decreased the risk of HIV transmission. Given
that injection drug use is a stigmatized be-
havior, participants may have been reluctant
to refer contacts to our disease investigators,
and, therefore, the outbreak network may be
larger than shown here; however, the high
contact index suggests effective relationship
building between disease investigation spe-
cialists and the affected community. Finally,
the people not located for testing may have
HIV, HCV, or HBV, and the true prevalence
in the groupmay be higher thanwewere able
to detect.

Public Health Implications
We found a relatively high prevalence of

HIV in this group (15%) but limited spread of
HIV linked to this outbreak. Our findings
were in agreement with findings of high
HCV test positivity, but not in agreement
with findings of low HIV prevalence (0%–
3%) in a small number of studies among
nonurban people reporting injection drug
use17–21 and a national estimate of HIV
prevalence among people reporting ever

having injected drugs (2%).22 In fact, our
finding was more similar to studies of cities,
where HIV prevalence among people
injecting drugs in the past year is higher
(9%).23 This may reflect the high proportion
of testing in the outbreak group and their
contacts; the quoted nonurban studies include
self-report data and may be underreporting
true HIV prevalence. Alternatively, the
higher HIV prevalence may reflect contained
outbreaks of more than 1 genotype. Despite
the higher prevalence, we found limited
spread of the outbreak genotype, suggesting
2 possibilities: either that some injection-
associated exposure, possibly very frequent
injection as suggested by the Scott County
outbreak, may be required for widespread
HIV transmission in injection drug users, or
that access to HIV care and viral suppression,
even if incomplete, may have protected
North Carolina against several potential
outbreaks.

Effective linkage to care and treatment of
HIV likely halted the spread of HIV in this
setting. In general, because of fewer pro-
viders, longer travel distances, and increased
stigma, accessing HIV care is more difficult in
rural areas.24 To support people with HIV, in
North Carolina, state health department staff
are assigned to ensure that an initial care
appointment is scheduled for people newly
diagnosed with HIV (disease investigation
specialist) and to ensure that a first appoint-
ment was attended (linkage counselor). As a
result of this investment and the commitment
of local HIV care providers, rapid linkage to
care and viral suppression was achieved for
most even in this rural setting. Effective
collaboration between government agencies
and local providers, including syringe service
providers, can support rural communities to
decrease the risk for disease transmission via
injection drug use.

Only 3 of 9 people with HIV interviewed
during the investigation reported injection
use of heroin or opioids; reported use of
methamphetamines by injecting was more
frequent, and the 3 reporting injecting heroin
or opioids also reported injecting metham-
phetamine. Although fentanyl was an im-
portant component of the outbreak that
occurred in Massachusetts,16 it does not ap-
pear to have been central in this outbreak.
Our investigation suggests that a true out-
break was created in a setting where heroin or

other opioids were not the most frequently
used drug. Therefore, injection patterns
unique to these drugs may not be the only
driver of this kind of outbreak, and it is im-
portant to consider this kind of outbreak in
settings of injection of nonopioid drugs.

Conclusions
Based on regular surveillance review in-

corporating social and genetic network
analysis, North Carolina identified an out-
break of HIV and responded; a small number
of additional cases were detected. The inten-
sive response linked people living withHIV to
medical care and other services, provided
education, and strengthened the testing re-
sources available in the area. Ongoing work to
link people newly diagnosed with HIV to
medical care and monitor surveillance for
potential outbreaks can avert outbreaks ofHIV
among people who inject drugs.
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