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Abstract

Introduction:  In April 2017, the Tennessee Department of Health (TDH) was notified of an increase in the number of 
persons newly diagnosed with HIV in eastern Tennessee in the same month. Two were identified as persons with a history 
of injection drug use (IDU) and named each other as syringe-sharing partners, prompting an investigation into a possible HIV 
cluster among persons with a history of IDU.

Materials and Methods:  TDH and public health staff members in eastern Tennessee collaborated to implement proce-
dures outlined in TDH’s HIV/hepatitis C virus (HCV) Outbreak Response Plan, including conducting enhanced interviewing 
and using a preestablished database for data collection and management. To complement contact tracing and enhanced in-
terviewing, TDH partnered with the Centers for Disease Control and Prevention to conduct molecular HIV analyses.

Results:  By June 27, 2017, the investigation had identified 31 persons newly diagnosed with HIV infection; 8 (26%) self-
reported IDU, 4 of whom were also men who have sex with men (MSM). Of the remaining 23 persons newly diagnosed with 
HIV infection, 10 were MSM who did not report IDU, 9 reported high-risk heterosexual contact, and 4 had other or un-
known risk factors. Molecular analysis of the 14 HIV-1 polymerase genes (including 7 of the 8 persons self-reporting IDU) 
revealed 3 distinct molecular clusters, one of which included 3 persons self-reporting IDU.

Practice Implications:  This investigation highlights the importance of implementing an established Outbreak Response 
Plan and using HIV molecular analyses in the event of a transmission cluster or outbreak investigations. Future HIV outbreak 
surveillance will include using Global Hepatitis Outbreak Surveillance Technology to identify HCV gene sequences as a po-
tential harbinger for HIV transmission networks.

Keywords

HIV,  investigation,  risk factors,  surveillance

In 2016, the Tennessee Department of Health (TDH) Viral 
Hepatitis Program, with support from other TDH programs, 
developed an HIV/hepatitis C virus (HCV) Outbreak 
Response Plan.1 This plan established a framework for TDH 
to prepare for, and respond to, an outbreak of HIV or HCV 
infection, and it outlined the roles and responsibilities of 
TDH staff members in the event of a transmission cluster or 
outbreak investigation. In April 2017, a regional disease 

intervention specialist (DIS) in eastern Tennessee notified 
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TDH of an increase in the number of persons newly diag-
nosed with HIV in that region in the same month. From 2012 
to 2016, an average of 3 persons were newly diagnosed with 
HIV in April. In April 2017, 6 persons were newly diagnosed 
with HIV. Two persons who inject drugs (PWID) who named 
each other as syringe-sharing partners were identified by an 
astute DIS, prompting an investigation into a possible HIV 
transmission cluster among PWID. TDH and local public 
health staff members collaborated to implement procedures 
outlined in the HIV/HCV Outbreak Response Plan, includ-
ing enhanced interviewing (conducted only when investigat-
ing a possible transmission cluster) and data entry into a 
designated database.1 To complement contact tracing (con-
ducted on every new HIV diagnosis), TDH partnered with 
the Centers for Disease Control and Prevention (CDC) to 
sequence HIV genes using serum specimens from persons 
with newly diagnosed HIV infection.

Materials and Methods

During this investigation, we defined a confirmed case as a 
person with (1) laboratory-confirmed HIV infection diag-
nosed on or after January 1, 2017 (by date of specimen col-
lection) and (2) residence in Knox County or East Tennessee 
Public Health Region or an epidemiologic link (1 person 
reporting another person as a contact and/or vice versa) to 
another case as a syringe-sharing or sexual partner regardless 
of residence. Serum specimens from all persons who met the 
case definition underwent Bio-Rad HIV 1/2 antigen/anti-
body fourth-generation testing at the TDH State Public 
Health Laboratory in Nashville, Tennessee, and those speci-
mens with positive test results and adequate specimen quan-
tity were sent to the CDC HIV Laboratory Branch for gene 
sequencing. Partial HIV-1 polymerase (pol) genes were 
amplified by polymerase chain reaction from serum samples 
of persons who met the case definition (n = 14). CDC deter-
mined Tamura-Nei pairwise distances between HIV-1 
sequences and subtyping by using the online tool COMET 
(https://​comet.​lih.​lu) as previously described.2 We defined 
molecular clusters as a genetic distance of <1.5% between a 
pair of sequences; we could not infer directionality of trans-
mission from this analysis.

Given the potential for rapid dissemination of HIV among 
PWID, as evidenced in the Scott County, Indiana, HIV out-
break in 2014,3 we prioritized interviewing of persons with 
newly diagnosed HIV infection who reported a history of 
injection drug use (IDU) and HIV testing of their named con-
tacts. For the interviews, staff members used a questionnaire 

developed to interview persons in the event of an HIV trans-
mission cluster. This questionnaire focuses on history of 
drug use, sexual behavior, partner elicitation (ie, determining 
partners for the person being interviewed,type and duration 
of exposure), and HCV testing. Outreach efforts (ie, efforts 
needed to find persons to test for HIV infection) included 16 
adjoining counties and spanned 2 public health regions 
(Knox County and 15 counties in the East Tennessee Public 
Health Region).

TDH built a Research Electronic Data Capture (REDCap) 
database to house data on demographic characteristics, labo-
ratory results, and risk factors for all persons newly diag-
nosed with HIV infection in the cluster investigation.4 
Throughout the investigation, we developed social network 
analysis to visualize epidemiologic connections among cases 
and named contacts. For the social network analysis, 
although we asked for names of second-degree contacts (ie, 
contacts of named contacts linked to cases), we focused on 
monitoring the transmission network among cases and 
named contacts. TDH performed network analyses by using 
R version 3.2.4 and the SNA and igraph packages.5-7

Results

By June 27, 2017, the investigation had identified 31 persons 
with newly diagnosed HIV infection who met case criteria; 8 
(26%) self-reported IDU, 4 (13%) of whom were also men 
who have sex with men (MSM) (Figure 1). Of the other 23 
persons with newly diagnosed HIV infection, 10 were MSM 
with no self-reported IDU, 9 reported high-risk heterosexual 
contact, and 4 had other or unknown risks factors.

Of the 31 persons newly diagnosed with HIV infection, 
13 (42%) reported a history of incarceration and 14 (45%) 
were tested for HCV infection. Three persons newly diag-
nosed with HIV infection self-reporting IDU tested positive 
for HCV antibody, 1 of whom was confirmed to be positive 
for HCV RNA through reflex testing. The initial interviews 
with persons newly diagnosed with HIV infection identified 
2 pairs of HIV-infected persons who were epidemiologically 
linked: the original pair of persons self-reporting IDU (Pair 
A) who prompted the investigation and a pair of MSM, 1 of 
whom self-reported IDU (Pair B). Of the 8 HIV-positive per-
sons self-reporting IDU, 7 reported the type of drugs injected, 
which included (not mutually exclusive) methamphetamine 
(n = 6), heroin (n = 5), cocaine (n = 4), and non-heroin opi-
oids (n = 3).

TDH identified 107 contacts during the investigation. Of 
these, 55 were contacts of the 8 persons self-reporting IDU 

1 �Division of Communicable Environmental Diseases and Emergency Preparedness, Tennessee Department of Health, Nashville, TN, USA
2 �Knox County Health Department, Knoxville, TN, USA
3 �Division of HIV/AIDS Prevention, National Center for HIV/AIDS, Viral Hepatitis, STD, and TB Prevention, Centers for Disease Control and Prevention, 
Atlanta, GA, USA

https://comet.lih.lu


Sizemore et al 331

or MSM self-reporting IDU. These 55 contacts were priori-
tized for an interview using the developed questionnaire and 
HIV testing. From identification of contacts, 62 (58%) con-
tacts (34 from persons newly diagnosed with HIV infection 
self-reporting IDU or MSM self-reporting IDU) could be 
located and were offered HIV testing; the remaining 45 con-
tacts could not be located despite numerous attempts. Of the 
62 contacts located and tested, 46 (74%) tested negative for 
HIV, 11 (18%) had previously diagnosed HIV infection, and 
3 (5%) had an insufficient quantity of sample for testing. 
TDH identified 2 (3%) new persons newly diagnosed with 
HIV infection from partners of MSM who met case criteria, 
but no new HIV diagnoses were made among the partners of 
persons newly diagnosed with HIV infection who self-
reported IDU or who were MSM self-reporting IDU 
(Figure  1). Of the 34 contacts tested for HIV who self-
reported IDU or were MSM self-reporting IDU, 25 (74%) 
reported a history of incarceration.

Analysis of the 14 HIV-1 pol sequences (including those 
of 7 of the 8 persons who reported IDU) revealed 3 distinct 
molecular clusters (Figure 2). One molecular cluster included 

3 persons self-reporting IDU. CDC determined all 14 pol 
sequences to be sequences indicating HIV-1 subtype B 
infections.

Discussion

After the HIV outbreak in Scott County, Indiana, CDC con-
ducted an analysis in 2016 to identify US counties where 
PWID are vulnerable to the rapid spread of HIV and HCV 
infections. Forty-one of the 220 (19%) US counties identi-
fied as being most vulnerable to such an outbreak are in 
Tennessee, including 10 counties in our cluster investiga-
tion.8 Our HIV investigation was triggered by the rapid iden-
tification of HIV in 2 PWID who shared syringes. We 
subsequently detected 31 persons with newly diagnosed HIV 
in eastern Tennessee, providing an opportunity to use a well-
established HIV/HCV Outbreak Response Plan and HIV 
molecular analyses to identify linkage and prevent further 
transmission.

Figure 1. Persons newly diagnosed with HIV infection in a cluster investigation in Tennessee, January 1–June 27, 2017. HRH is heterosexual 
contact with a person known to have, or to be at risk of, HIV infection. In total, 107 contacts were identified, and the 55 contacts elicited 
from persons who inject drug (PWID) and MSM/IDU cases were prioritized for interviewing and testing. Sixty-two contacts (34 from 
PWID or MSM/IDU cases) were located and underwent HIV testing. Two (3%) new HIV cases were identified from partners of MSM cases; 
however, no new HIV diagnoses were made among the partners of PWID or MSM/IDU cases. Abbreviations: HRH, high-risk heterosexual 
contact; IDU, injection drug use; MSM, men who have sex with men
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Stigmatized populations such as MSM and PWID often 
do not access health department services; therefore, cultivat-
ing relationships with community partners that work closely 
with MSM and PWID is critically important. Our cluster 
investigation validated the importance of health departments 
developing partnerships with external organizations that are 
likely to serve PWID, including community-based organiza-
tions and county jails, before an HIV transmission cluster or 
outbreak investigation. Most community-based organiza-
tions are well-established and historically trusted allies for 
PWID and MSM populations. In addition, because a high 
proportion of persons newly diagnosed with HIV infection 
and their contacts in this cluster investigation reported a his-
tory of incarceration, health department and jail partnerships 
were critically important to ensure contacts could be located, 
interviewed, tested, and provided necessary resources. The 
HIV/HCV Outbreak Response Plan facilitated community 
outreach in the context of classroom exercises before this 
investigation, and it led to the development of an enhanced 
interview questionnaire for PWID that could be expedi-
tiously implemented.

Practice Implications

To respond to and interrupt a potential outbreak of HIV 
infection, CDC recommends ensuring that PWID have 
access to prevention services and routine HIV testing and are 
rapidly linked to care and treatment services.9 To ensure all 
persons at risk of HIV infection have access to testing 
resources, HIV testing is provided at all 95 local health 
departments in Tennessee, regardless of the patient’s ability 
to pay. In addition, care and treatment services through the 
Ryan White HIV/AIDS program are available throughout 
Tennessee, including a Ryan White–funded HIV Center of 
Excellence in the regions involved in this cluster investiga-
tion. Harmreduction strategies, especially syringe services 
programs (SSPs), are an essential component of prevention 
and outbreak response efforts for PWID. In May 2017, 
Tennessee passed legislation to legalize SSPs, and 1 of the 
first SSPs was established in Knox County in March 2018.10

Our investigation highlights the importance of establish-
ing a statewide HIV/HCV Outbreak Response Plan and con-
ducting HIV molecular analyses cluster and outbreak 

Figure 2. Social and molecular network of persons newly diagnosed with HIV infection and their named partners during an HIV cluster 
investigation in eastern Tennessee, January 1–June 27, 2017. The initial interviews with persons newly diagnosed with HIV infection 
identified 2 pairs of persons newly diagnosed with HIV who were linked: the original pair of persons who self-reported IDU (Pair A) and 
prompted the investigation and a pair of MSM, 1 of whom self-reported IDU (Pair B). The investigation found 33 new HIV infections: 31 
persons with newly diagnosed HIV infection and 2 named contacts who received testing and were newly diagnosed with HIV infection. Of 
107 named contacts, 62 were tested for HIV infection; of these 62 named contacts, 11 had previously diagnosed HIV infection, 46 had no 
HIV infection, the HIV status of 3 was not determined because of insufficient quantity of sample, and 2 were new positives. The remaining 
45 named contacts were not tested. The transmission risk factors for the 62 tested were self-reported IDU (n = 34) and other non–IDU-
related risk factor (eg, MSM, heterosexual contact) (n = 28). Molecular analysis of the 14 HIV-1 pol sequences (including 7 of 8 persons who 
reported IDU) revealed 3 molecular clusters: 1 cluster consisted of 4 persons (3 persons self-reporting IDU and 1 MSM with no history 
of IDU; center of figure); a second cluster consisted of a pair of persons who reported MSM as their risk factor and no reported history 
of IDU; and a third cluster consisted of 1 person who reported MSM as a risk factor but no reported history of IDU and 1 person whose 
risk factor information was unknown. Abbreviations: IDU, injection drug use; MSM, men who have sex with men.
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investigations. Future HIV outbreak surveillance will include 
using Global Hepatitis Outbreak Surveillance Technology to 
analyze HCV gene sequences and identify HCV transmis-
sion networks. This approach should allow TDH to identify 
persons at risk for rapid dissemination of HIV infection via 
networks detected in HCV molecular analyses. This infor-
mation may be particularly useful in situations in which epi-
demiological connections are difficult to identify.
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