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Abstract

Background.—Persons who inject drugs (PWID) have frequent healthcare encounters related to 

their injection drug use (IDU) but are often not tested for human immunodeficiency virus (HIV). 

We sought to quantify missed opportunities for HIV testing during an HIV outbreak among 

PWID.
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Methods.—PWID with HIV diagnosed in 5 Cincinnati/Northern Kentucky counties during 

January 2017–September 2018 who had ≥1 encounter 12 months prior to HIV diagnosis in 1 of 2 

Cincinnati/Northern Kentucky area healthcare systems were included in the analysis. HIV testing 

and encounter data were abstracted from electronic health records. A missed opportunity for HIV 

testing was defined as an encounter for an IDU-related condition where an HIV test was not 

performed and had not been performed in the prior 12 months.

Results.—Among 109 PWID with HIV diagnosed who had ≥1 healthcare encounter, 75 (68.8%) 

had ≥1 IDU-related encounters in the 12 months before HIV diagnosis. These 75 PWID had 169 

IDU-related encounters of which 86 (50.9%) were missed opportunities for HIV testing and 

occurred among 46 (42.2%) PWID. Most IDU-related encounters occurred in the emergency 

department (118/169; 69.8%). Using multivariable generalized estimating equations, HIV testing 

was more likely in inpatient compared with emergency department encounters (adjusted relative 

risk [RR], 2.72; 95% confidence interval [CI], 1.70–4.33) and at the healthcare system receiving 

funding for emergency department HIV testing (adjusted RR, 1.76; 95% CI, 1.10–2.82).

Conclusions.—PWID have frequent IDU-related encounters in emergency departments. 

Enhanced HIV screening of PWID in these settings can facilitate earlier diagnosis and improve 

outbreak response.
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Of all human immunodeficiency virus (HIV) diagnoses in the United States during 2012–

2017, 4% were related to injection drug use (IDU) and 4% were related to both IDU and 

male–male sexual contact [1]. Human immunodeficiency virus can be transmitted rapidly in 

communities with a high prevalence of IDU and injection equipment sharing [2]. This has 

been demonstrated in recent HIV outbreaks among persons who inject drugs (PWID) in 

Indiana in 2014–2015 and Massachusetts in 2018 [3–5].

Early HIV detection is important for the rapid initiation of HIV treatment, reducing AIDS-

related morbidity and mortality, and decreasing transmission to uninfected partners [6]. In 

fact, an estimated 38% of all new HIV infections are attributable to the 15% of persons 

living with HIV who are unaware of their HIV status [7]. The Centers for Disease Control 

and Prevention (CDC) recommends HIV testing at least once in a lifetime for individuals 

between the ages of 13 and 64 years and annual testing for groups at increased risk of HIV, 

including PWID [8]. Unfortunately, the interval of testing among individuals at risk of HIV 

has declined nationally, and the median time from infection to HIV diagnosis among PWID 

is estimated to be 2.9 years [9, 10]. In several studies, less than half of PWID reported HIV 

testing within the past year [11–14] and most had missed opportunities for HIV testing 

during healthcare encounters prior to diagnosis [15–17].

Persons who inject drugs often suffer complications associated with IDU, leading to 

frequent encounters with the healthcare system. Despite a decline in opioid overdose deaths 

since 2017, overdoses from opioids and stimulants are a growing cause of presentations to 

emergency departments [18, 19]. Injection drug use also increases the incidence of bacterial 
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infections, ranging from skin/soft tissue infections to invasive infections including 

bacteremia, septic arthritis, osteomyelitis, endocarditis, and epidural abscess [20–22]. To 

avoid stigma, PWID presenting to healthcare with non–IDU-related problems may not 

disclose their IDU [23]. Therefore, encounters where IDU is evident are prime opportunities 

for clinicians to screen patients for HIV and viral hepatitis, offer hepatitis A vaccination, and 

discuss harm-reduction strategies and substance use disorder treatment.

Diagnosing HIV early and responding rapidly to HIV outbreaks are among the key pillars of 

the federal initiative on Ending the HIV Epidemic [24]. Increasing HIV testing during an 

HIV outbreak is crucial to link persons with HIV to treatment and refer persons at risk of 

infection to HIV-prevention interventions such as pre-exposure prophylaxis [10, 14]. Little is 

known about HIV testing practices in clinical settings during an HIV outbreak among 

PWID. This study therefore sought to characterize HIV testing practices during IDU-related 

encounters and identify missed opportunities for HIV testing among a cohort of PWID with 

recently diagnosed HIV who were identified as part of an outbreak response.

METHODS

Setting

During January 2017–September 2018, a total of 135 HIV infections were diagnosed among 

PWID residing in 5 counties in the core Cincinnati metropolitan area, including Northern 

Kentucky. This represented a significant increase compared with the prior rate of 33 annual 

HIV diagnoses among PWID in these 5 counties from 2014 to 2016. In October 2018, the 

Kentucky Department for Public Health, Ohio Department of Health, Northern Kentucky 

Health Department, and Hamilton County Public Health requested CDC assistance in the 

investigation and response to this HIV outbreak. As part of this response, a medical record 

review was conducted to assess the interactions between local healthcare systems and PWID 

with recently diagnosed HIV.

Medical record review was conducted at 2 large healthcare systems in the Cincinnati 

metropolitan area. Healthcare system A consisted of 5 community hospitals located in 

Northern Kentucky with affiliated outpatient clinics. Healthcare system B was a large 

tertiary care center located in Cincinnati. Both healthcare systems used Epic electronic 

health record systems and records were accessible across all sites within each healthcare 

system.

Patient Population

For the overall outbreak response, a case was defined as a person with an HIV diagnosis on 

or after 1 January 2017, who injected drugs, and who lived at the time of diagnosis in 

Boone, Campbell, Grant, or Kenton County in Kentucky or Hamilton County in Ohio. 

Persons who met this case definition and who had at least 1 encounter in either of the 2 

healthcare systems were included in the medical record review if their HIV infection had 

been diagnosed before 30 September 2018.
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Data Sources

Persons meeting the case definition were identified and their demographic characteristics 

were obtained from state health department HIV surveillance datasets. Additional 

demographic data were derived from enhanced interviews conducted by local health 

departments during the outbreak response. Name and date of birth were used to identify 

persons meeting the case definition in the medical records at both healthcare facilities. 

Encounter notes, laboratory results, and imaging reports were available for medical record 

abstraction. Medical record data were first abstracted onto a paper form, which was then 

electronically entered into a de-identified REDCap database. Paper forms with patient-

identifying information were then destroyed.

Measurements

Age, gender, race/ethnicity, date and facility of HIV diagnosis, and CD4 count at diagnosis 

were extracted from state HIV-surveillance datasets. Health department–enhanced interview 

data and medical record data were combined to determine ever experiencing homelessness/

unstable housing or incarceration. The combination of these data sources increased the 

detection of these events and reduced the number of participants with missing data. Venue of 

HIV diagnosis was determined from state HIV-surveillance and medical record datasets and 

categorized as occurring at an outpatient, emergency department, inpatient, or non–

healthcare setting. Non–healthcare settings included jails, community testing events, and 

local health departments.

Healthcare encounter date, level of care, and primary diagnoses were captured for all 

encounters that occurred 12 months prior to each patient’s HIV diagnosis, including the 

healthcare encounter of HIV diagnosis, if applicable. Level of care was classified as 

inpatient, emergency department, or outpatient and was defined as the highest level of care 

for that encounter. As an example, patients first presenting to the emergency department who 

were then admitted as an inpatient were classified as inpatients. Human immunodeficiency 

virus testing during such encounters could have occurred in the emergency department or 

during the patient’s inpatient admission.

Encounters with primary diagnoses relating to IDU were categorized into 4 categories: 

substance-induced overdose, skin/soft tissue infections, invasive bacterial infections, or 

other. Invasive bacterial infections included bacteremia, septic arthritis, osteomyelitis, 

endocarditis, and epidural abscess. Encounters for opioid withdrawal, medication-assisted 

treatment, and HIV pre-exposure prophylaxis for IDU were classified as other.

The date of first positive HIV test was extracted from state HIV-surveillance databases. 

Dates of all negative and the first positive HIV tests were extracted from the electronic 

health records of both healthcare systems. If the date of first positive HIV test was 

discordant between the surveillance and medical record datasets, the earlier date was used. 

The HIV tests performed within 12 months before or at the time of each IDU-related 

encounter were identified.

A missed opportunity for HIV testing was defined as an IDU-related encounter where an 

HIV test was not performed and had not been performed in the prior 12 months. Therefore, 
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an encounter was not a missed opportunity for testing if either HIV testing was performed 

during that visit or at another encounter within the prior 12 months. Since patients may have 

been aware of their prior HIV testing and communicated this during their IDU-related 

encounters, healthcare providers were conservatively assumed to be aware of all prior 

negative HIV tests.

Statistical Analysis

Chi-square tests were done to compare demographics, housing, incarceration history, HIV 

testing within 12 months of diagnosis, and venue of HIV diagnosis of PWID who had or did 

not have at least 1 missed opportunity for HIV testing. At the encounter level, chi-square 

analysis was used to assess whether encounters with HIV testing performed were associated 

with the healthcare system, level of care, IDU-related diagnosis category, and the presence 

of HIV testing 12 months prior to the encounter.

To assess the person- and encounter-level determinants of HIV testing during IDU-related 

encounters, generalized estimating equation (GEE) models were used to account for 

clustering of encounters within patients. The association of demographic, social, and IDU-

related encounter-specific factors on the likelihood of HIV testing during that encounter 

were estimated with relative risks (RRs) and 95% confidence intervals (CIs). Variables 

associated with HIV testing during a given encounter with P < .20 in the bivariate GEE 

analysis were then included in a multivariable GEE model to identify the independent effect 

of each included factor on HIV testing.

Ethics

This work was reviewed by the National Center for HIV/AIDS, Viral Hepatitis, STD, and 

TB Prevention at CDC. All data were collected for the purpose of disease-outbreak 

investigation and therefore did not require institutional review board review.

RESULTS

Overall, of 135 PWID with HIV infection diagnosed during January 2017–September 2018 

in the 5-county area, 109 (80.7%) had medical records in at least 1 of the 2 healthcare 

systems and were included in the analysis. The majority of PWID with medical records were 

20–39 years (83; 76.1%), male (73; 67.0%), and non-Hispanic shite (92; 84.4%) (Table 1). 

Twelve (11.0%) reported male–male sex in addition to IDU as risk factors for HIV. Most had 

ever experienced homelessness or unstable housing (77; 70.6%) and incarceration (60; 

55.0%). While 70.6% (77/109) of diagnoses occurred in healthcare settings, 80.7% (88/109) 

did not have prior HIV testing within 12 months of their diagnosis. Of 94 PWID with an 

initial CD4 value from surveillance data, the median CD4 count per m3 at diagnosis of 424 

(interquartile range, 233–611) and 15 (16.0%) had a CD4 count less than 200 at diagnosis.

Person-level Missed Opportunities for Testing Analysis

Seventy-five (68.8%) of 109 PWID with medical records had at least 1 IDU-related 

encounter in the 12-month period before their HIV diagnosis. These 75 PWID had a total of 

169 IDU-related encounters in the 12 months before HIV diagnosis, of which 86 (50.9%) 
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were missed opportunities for HIV testing (Figure 1). These 86 missed opportunities for 

HIV testing occurred among 46 PWID (42.2% of all PWID with medical records). Persons 

who inject drugs with or without missed opportunities for HIV testing did not differ by 

demographics, housing status, prior incarceration, or venue of HIV diagnosis (Table 1).

Encounter-level Testing Analysis

Among the 169 IDU-related encounters, healthcare system A accounted for 81 (47.9%) 

encounters and healthcare system B for 88 (52.1%) encounters (Table 2). Most of the IDU-

related encounters occurred in the emergency department (118; 69.8%) compared with 

inpatient (38; 22.5%) and outpatient (13; 7.7%) settings. Overdose was the most common 

IDU-related condition (75; 44.4%) followed by skin/soft tissue infections (48; 28.4%) and 

invasive bacterial infections (20; 11.8%).

Of the 169 IDU-related encounters, 45 (26.6%) encounters had an HIV test conducted 

during that encounter. Human immunodeficiency virus testing was more likely to occur 

during encounters involving inpatient admission (22/38; 48.9%) than during emergency 

department (21/118; 17.8%) (P < .001) or outpatient (2/13; 15.4%) encounters (P = .003). 

Further, skin/soft tissue infections (16/48; 33.3%) and invasive bacterial infections (12/20; 

60.0%) were associated with an increased likelihood of HIV testing compared with overdose 

encounters (11/75; 14.7%) (P = .015 and P < .001, respectively). Neither the healthcare 

system nor the presence of HIV testing within 12 months prior to the encounter was 

significantly associated (P < .05) with the likelihood of an HIV test being performed at a 

given encounter.

Regression Analysis

Bivariate GEE regression of IDU-related encounters demonstrated that HIV testing was less 

likely to occur for patients with a history of incarceration compared with those without 

incarceration (RR, .58; 95% CI, .34–.99) (Table 3). Conversely, HIV testing was more likely 

to occur during IDU-related encounters at healthcare system B compared with healthcare 

system A (RR, 1.66; 95% CI, 1.00–2.76). Human immunodeficiency virus testing occurred 

more often during inpatient encounters compared with emergency department encounters 

(RR, 3.23; 95% CI, 2.07–5.04). Compared with overdose encounters, HIV testing occurred 

more during encounters for skin/soft tissue infections (RR, 2.25; 95% CI, 1.11–4.56) and 

deep bacterial infections (RR, 4.08; 95% CI, 1.76–9.46). In multivariable analysis, only 

healthcare system B (adjusted RR, 1.76; 95% CI, 1.10–2.82) and inpatient (adjusted RR, 

2.72; 95% CI, 1.70–4.33) encounters were associated with HIV testing occurring during that 

encounter (Table 3).

DISCUSSION

In the setting of an HIV outbreak associated with IDU, this study found that most PWID had 

at least 1 IDU-related encounter with the healthcare system in the year prior to their HIV 

diagnosis. Despite these frequent healthcare encounters, half of these IDU-related 

encounters were missed opportunities for HIV testing according to CDC’s recommendation 

for annual testing of individuals at increased risk of HIV [8]. The analysis was intentionally 
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limited to IDU-related encounters in order to ensure that the healthcare provider would have 

been aware of the patient’s IDU and eliminate bias from the nondisclosure of IDU. However, 

patients can be tested for HIV during any clinical encounter. Therefore, our estimation of 

healthcare encounters where HIV testing was indicated but not done is likely an 

underestimation.

These findings highlight potential approaches to improve HIV testing in PWID populations. 

Persons who inject drugs had several presentations to emergency departments for IDU-

related conditions, but HIV testing was infrequent. Given this, emergency departments may 

be optimal settings to implement targeted HIV testing for PWID. Indeed, state funding 

supports a program at healthcare system B where counselors review emergency department 

medical records and offer patients HIV testing 24 hours per day. This program may explain 

the increased likelihood of receiving HIV testing at healthcare system B. Universal opt-out 

HIV screening in emergency departments has been found to be superior to risk-based 

protocols since universal screening can be easier to implement, interfere less in workflow, 

and reduce stigma [25–29]. Future research characterizing the impact of enhanced universal 

HIV screening in emergency departments in increasing HIV diagnosis during an outbreak is 

needed.

This study also found that HIV testing was more likely to occur during inpatient encounters, 

which could be explained by the increased length of stay, higher acuity, and greater number 

of providers patients interact with during inpatient encounters. Developing tools beyond the 

emergency room and throughout the healthcare system may help identify PWID who would 

benefit from HIV testing. The electronic health record can be leveraged to identify 

individuals with indications for HIV testing throughout a healthcare system and assist in the 

implementation opt-out testing programs [30, 31]. Automated algorithm-driven protocols 

may outperform nurse-driven protocols [32].

Finally, policies that support HIV testing may also increase testing rates. For instance, 

Kentucky had a statute that allowed only the provider that ordered the test to report its result 

to the patient. This likely resulted in low testing rates in emergency departments and was 

recently revised to allow for delegation of reporting to other parties [33]. Integrating routine 

HIV screening in healthcare settings as part of an HIV outbreak response could improve the 

rate of testing, facilitate earlier diagnosis and linkage to care, and reduce HIV transmission. 

However, further research is needed to identify the optimal parameters and methods of HIV 

screening by healthcare systems in outbreak settings.

There are limitations to consider when interpreting these results. This study was designed to 

assess healthcare visits of PWID with HIV recently diagnosed during this outbreak. Since 

medical records of PWID without recent HIV diagnoses were not abstracted, these results 

may not be generalizable to all PWID. A further limitation was that the health records from 

2 healthcare systems in the Cincinnati metropolitan area did not encompass all the 

healthcare interactions of the patient sample. Not capturing prior negative HIV testing at 

other local healthcare facilities may overestimate the numbers of encounters that were 

missed opportunities for HIV testing. Last, the type of physician ordering an HIV test was 

not captured, so it was not possible to distinguish whether an HIV test was ordered by an 
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emergency or inpatient provider for inpatient encounters. The dates of HIV testing during 

inpatient encounters suggests that most tests were ordered by inpatient providers, but it is 

also possible that emergency department providers may have been more likely to order a test 

if they knew the admitted patient would receive the results during their inpatient encounter. 

It was also not possible to assess whether an HIV test was offered but refused or whether an 

HIV test was ordered as a part of an opt-out screening strategy.

Early diagnosis of HIV and rapid response to HIV clusters are foundational pillars of the 

federal Ending the HIV Epidemic initiative [24]. Testing is crucial in the identification of 

persons living with HIV and initiation of HIV treatment as well as the referral of individuals 

at risk of HIV to HIV-prevention interventions such as pre-exposure prophylaxis. Increasing 

HIV testing at the population level has been shown to reduce the percentage of late-stage 

HIV diagnoses [34]. Implementation of routine testing can increase the frequency of HIV 

testing, and improvements in early HIV diagnosis have been documented with routine 

testing in jails and prisons, medication-assisted treatment programs, and syringe service 

programs [34–38]. While there were many missed opportunities for HIV testing during IDU-

related encounters, the finding that the healthcare system receiving funds to implement 

targeted emergency department HIV testing had higher rates of testing indicates that 

healthcare systems can develop programs to increase targeted HIV testing. Overall, 

increasing HIV testing through universal screening in emergency departments may be an 

effective response strategy during HIV outbreaks among PWID and can help achieve the 

goal of Ending the HIV Epidemic by 2030.
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Figure 1. 
Flow diagram of defining missed opportunities for HIV testing using a 12-month interval—

Cincinnati/Northern Kentucky, 2017–2018. Abbreviations: HIV, human immunodeficiency 

virus; IDU, injection drug use.
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