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Abstract 

 

Background: A large outbreak of HIV among people who inject drugs (PWID) has been ongoing in 

Glasgow city centre (GCC), Scotland since early 2015. The outbreak is associated with high levels of 

homelessness, cocaine injecting and injecting in public places. A key component of the public health 

response was the scale-up of HIV testing in a range of services engaged with PWID. Our aims were to: 

1) evaluate the extent of and change in HIV testing over the course of the outbreak and 2) examine 

factors associated with reporting an HIV test. 

 

Methods: Self-report of an HIV test in the last 12 months was collected for 15,081 PWID interviewed 

in six national cross-sectional bio-behavioural surveys during 2008–2018. Multi-variate logistic 

regression was undertaken to determine trends in HIV testing by region of recruitment (GCC; rest of 

Glasgow; other Scottish city centres (SCC); and rest of Scotland) and outbreak period (pre: 2008-14; 

early: 2015-16; ongoing: 2017-18). 

 

Results:  HIV testing increased across all regions and was most pronounced in GCC comparing the 

ongoing (67%) to the pre-outbreak period (33%) (aOR=4.68, 95% CI 3.23 to 6.77, p<0.001). However, 

compared to other SCCs pre-outbreak (with 46% reporting testing), GCC had a lower odds of HIV 

testing early outbreak (aOR=0.37, 95% CI 0.27 to 0.54, p<0.001) and more modest increased odds in 

the ongoing outbreak period (aOR=1.41, 95% CI 0.97 to 2.05, p=0.069). Among PWID recruited in the 

whole of Glasgow in the ongoing phase, reporting an HIV test was associated with injecting cocaine or 

in public places (aOR=2.20, 95% CI 1.53 to 3.17, p<0.001), receipt of methadone (aOR=1.48, 95% CI 

1.01 to 2.17, p=0.042) and incarceration in the last year (aOR=1.72, 95% CI 1.18 to 2.51, p=0.004). 

 

Conclusions:  Relatively low levels of HIV testing pre- and early-outbreak likely hindered efforts to 

control the spread of infection among PWID in Glasgow. Uptake has since increased with expansion 

of testing across multiple settings, particularly among those at high risk of infection. Further effort is 

needed to ensure the vast majority of PWID are regularly tested, not just in the epicentre of the 

outbreak but in other areas with low population prevalence of infection.  
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Introduction 

  

 The transmission of HIV among people who inject drugs (PWID) remains a significant public 

health issue (Degenhardt et al., 2017). HIV can spread rapidly among PWID through the sharing of 

injecting equipment and unprotected sex (Degenhardt & Hall, 2012; Kral et al., 2001). The prevention 

of HIV requires a comprehensive package of interventions, which includes opiate substitution therapy 

(OST), needle and syringe provision (NSP) and HIV testing followed by access to HIV treatment and 

care (World Health Organisation, 2015). Testing and notifying PWID of their HIV status is at the core 

of the response to HIV epidemics globally, as it facilitates their access to treatment, preventing further 

transmission (Degenhardt et al., 2010; Mathers et al., 2010).  

Populations who have a high risk of HIV, such as PWID, should be tested for HIV at least 

annually (British HIV Association (BHIVA), 2020) or more frequently (every 3 months), depending on 

ongoing risk and HIV prevalence/incidence (European Centre for Disease Control (ECDC), 2018). 

Despite the recognised importance of HIV testing, research examining the coverage and uptake of HIV 

testing among PWID is limited (Larney et al., 2017). Available studies suggest that coverage is low in 

comparison to suggested targets (Bazazi et al., 2018; Burt et al., 2017; Cooley et al., 2016; Degenhardt 

et al., 2017; Shokoohi et al., 2016), other at-risk populations (Diez et al., 2014), or is even declining 

(Burt et al., 2017). In the UK, self-reported recent HIV testing rates are relatively high compared to 

other countries internationally (Larney et al., 2017) but still represents the minority tested each year.  

Data from England, Wales and Northern Ireland estimated that self-reported HIV testing rates in the 

last year are slowly increasing, from 33% in 2010 to 39% in 2019 (Public Health England, 2020).  

 Limited access and availability of HIV prevention services (including HIV testing) have been 

cited as a contributing factor in the emergence and delayed detection of recent HIV outbreaks among 

PWID (Des Jarlais et al., 2020; Hatzakis et al., 2015; Peters et al., 2016). Glasgow, Scotland has been at 

the centre of an HIV outbreak among PWID since it was declared in early 2015. The outbreak has 

persisted in contrast to other recent outbreaks internationally (Des Jarlais et al., 2020), despite an 

established harm reduction environment (including OST and NSP) (McAuley et al., 2019). It represents 

the largest community-based outbreak of HIV among PWID in the UK since 1980s’, with a combination 

of homelessness, cocaine injecting, incarceration and injecting in outdoor locations or ‘public places’ 

recognised as contributing factors in the ten-fold rise in HIV prevalence in Glasgow city centre (GCC: 

the epicentre of the outbreak) (McAuley et al., 2019; Trayner et al., 2020). The response to the 

outbreak included a drive to increase HIV testing among those who are most at risk by expanding 

testing in key settings attended by PWID, including drug treatment services and prisons.  Key 

interventions involved the promotion of HIV in addition to hepatitis C virus (HCV) testing on dried 
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blood spot (DBS) samples in drug treatment services, opt-out blood-borne virus (BBV) testing in 

prisons, BBV clinics in a homeless addictions service and an outreach service which focussed on clinical 

management of cases and testing their contacts (Metcalfe et al., 2020) (Figure 1).  

To our knowledge, the extent of HIV testing prior and in response to other recent HIV 

outbreaks among PWID has not been evaluated. Such a focus is warranted to assess whether levels of 

HIV testing were sufficient to ensure the timely detection and control of the outbreak.  Furthermore, 

it is important to determine if testing services introduced in response to an outbreak have reached 

those at highest risk of infection. Thus, our aims were to: 1) evaluate the extent of and change in HIV 

testing among PWID according to periods of the outbreak (pre, early and ongoing phases) in Glasgow 

compared to other parts of Scotland and 2) examine factors associated with HIV testing among PWID 

interviewed in the ongoing phase of the outbreak in Glasgow and rest of Scotland. 

 

[Figure 1. Number of PWID newly diagnosed with HIV per 6-month period and key testing 
interventions introduced in response to the HIV outbreak in NHS Greater Glasgow and Clyde, 2012-
2019.] 

 

Methods 

 

Study design and data source 

 

 This study utilises data from a series of six cross-sectional anonymous bio-behavioural surveys 

of PWID across Scotland, known as the Needle Exchange Surveillance Initiative (NESI), conducted 

between 2008 to 2018 (Health Protection Scotland, 2019a). PWID were recruited from over 100 

services providing harm reduction interventions (approximately 50% of the total across Scotland) and 

given a £5 shopping voucher as compensation. Approximately 2,500 individuals were recruited in each 

survey with sampling equivalent to that estimated for PWID across the 11 regional administrative 

health areas (National Health Service (NHS) Boards) in mainland Scotland.  Inclusion criteria is lifetime 

injecting drug use, however, recruitment of PWID who have not injected recently (in past six months) 

is capped at 20-30% to ensure that the majority of the sample relates current PWID (injected in past 

six months). After providing written informed consent, participants complete a questionnaire and 

provide a DBS sample, which is tested anonymously for BBV markers. Ethical approval for the NESI 

survey was granted by the NHS West of Scotland Research Ethics Committee (reference 08/S0709/46). 

 Duplicate participants, individuals who took part more than once in a particular survey year 

or sweep, were found using basic identifiers (initials, sex and date of birth) and removed (n=635; 4% 

of total).  
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Outcomes and exposure measures 

 

Our primary outcome was self-report of an HIV test in the last year. We excluded individuals 

who self-reported HIV infection but did not self-report an HIV test in the last year (i.e. ineligible for 

repeat testing) (n=40). Our primary exposure was time period, where ‘pre-outbreak’ related to 

recruitment during 2008 and 2014, ‘early-outbreak’ related to 2015-16, and ‘ongoing-outbreak’ 

related to 2017-18.  Another primary exposure was region of recruitment, categorised into GCC, rest 

of Glasgow (RoG), Scotland city centres excluding GCC (SCC) and rest of Scotland (RoS). Other 

exposures of interest (relate to last six months unless stated otherwise) were: age, gender 

(male/female), homelessness (yes/no), number of times in prison (five or less/more than five), 

imprisonment in the last year (yes/no), years since first injection (<10 years/10+ years), received 

methadone (yes/no), syringe coverage per injecting episode among those who reported recent 

injecting (<100%/100%), tested for HCV in the last year (yes/no), and drugs injected (cocaine/injected 

but not cocaine/did not inject). For 2017-18, the drugs injected co-variate was combined with 

information on public injecting (available only for that particular survey) into:  injected cocaine or in 

public places; injected but not cocaine or in public places; and did not inject. Additionally, ‘unaware 

of HIV infection’ at time of interview (yes/no) was based on self-report of HIV infection status among 

those found to be HIV antibody positive on DBS. 

 

Analysis 

 

HIV testing and awareness across outbreak period  

 The change in the proportion of PWID reporting an HIV test in the last year across outbreak 

periods was initially examined by region and other covariates using a chi-squared test for trend. The 

extent to which HIV antibody positive PWID were unaware of their infection in GCC over outbreak 

periods was also determined. Missing data was excluded from all cross-tabulations.  

 

Assessment of change in HIV testing across outbreak periods within and between regions  

Multi-variate logistic regression was used to assess differences in HIV testing across outbreak 

periods first within regions in stratified analysis and thereafter between regions in an analysis 

involving all of Scotland. In the Scotland-wide model, there was a theoretical assumption that effect 

modification would be present between recruitment region and outbreak period, and therefore an 

interaction between these variables was included with SCCs in the pre-outbreak period set as our 
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reference category (Knol & Vanderweele, 2012).  In both the stratified and overall analysis, the models 

were adjusted for: age, sex, drugs injected, received methadone, homelessness and number of times 

in prison. To account for clustering in the data, as a result of the presence of multiple records relating 

to the same individual across NESI survey years, a multi-level framework was applied to univariate and 

multi-variate logistic regression models (Rogers, 1998; Williams, 2000).  

 
Factors associated with HIV testing in the ongoing-outbreak period 

  To understand the current outbreak response, we assessed factors associated with HIV testing 

in 2017-18 only (the ongoing phase) using logistic regression. We stratified analysis by PWID recruited 

in NHS Greater Glasgow and Clyde (NHS GGC) (including RoG and GCC) and RoS (including RoS and 

SCCs). Covariates, important in the context of the HIV outbreak, considered were: region (GCC/RoG), 

cocaine injecting (McAuley et al., 2019), public injecting (Trayner et al., 2020), homelessness (McAuley 

et al., 2019), received methadone (Metcalfe et al., 2020) and imprisonment in the last year (McAuley 

et al., 2019). All analyses were conducted on Stata 13. 

 

Results 

 

Study population 

 

 The overall sample included 15,081 PWID; 7% (n=1,116) were recruited in GCC, 17% (n=2,505) 

in other SCCs, 33% (n=4,987) from RoG (33%, n=4,987) and 43% (n=6,473) from RoS. The majority 

were male (72%, n=10,766) and over 35 years old (55%, n=8,275). Nearly a quarter had experienced 

recent homelessness (23%, n=3,504) and 31% had been in prison more than five times (n=4,664) 

(Table 1).  

 Across the outbreak periods, 64% (n=9,668), 17% (n=2,546) and 14% (n=2,050) of the total 

sample of PWID (n=15,081) were included in the pre, early and ongoing periods, respectively. The 

proportion of PWID reporting an HCV test in the last year increased from 40% (n=3,883/9,656) to 57% 

(n=1,170/2,048) from the pre to ongoing phase, respectively. Relating to the coverage of harm 

reduction interventions, receipt of methadone was high across all outbreak periods and highest in the 

early (81%, n=1,986/2,447) and ongoing phases (81%, n=1,651/2,050). NSP coverage per injecting 

episode (among current PWID) was also high, with approximately two thirds reporting 100% injection 

coverage in all phases. 100% NSP coverage was highest pre-outbreak (79%; n=6,063/7,687) followed 

by ongoing outbreak (77%; n=1,081/1,401) (Table 1).   
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Table 1. Self-reported HIV test uptake in the last year by outbreak period and co-variates in Scotland, 
2008-2018. 
 
Recent HIV testing and awareness across outbreak periods 

 Pre-outbreak, self-reported HIV testing in the last year was lowest in RoG (26%, n=893) 

followed by GCC (33%, n=209). Testing rates were highest in other SCCs at 46% (n=745) followed by 

the RoS (40%, n=1,610). In the early and ongoing phases, self-reported testing increased across all 

regions. The largest increase was observed in GCC, where testing increased to 38% (n=76) early-

outbreak and to 67% (n=147) ongoing-outbreak (p<0.001). HIV testing also increased across the RoG 

from 39% (n=265) to 47% (n=281) in early to ongoing phases (p<0.001) (Table 1, Figure 2a).  

  PWID who reported injecting cocaine saw the biggest increase in self-reported HIV testing 

from 33% (n=314) pre-outbreak to 65% (n=282) ongoing-outbreak (p<0.001). Among those who 

reported homelessness, testing increased from 40% (n=914) to 59% (n=283) across the same period 

(p<0.001). Similarly, among those who reported they had been to prison more than five times; 

reporting testing increased from 36% (n=1,031) to 57% (n=419) (p<0.001). 

Among PWID who were antibody positive for HIV on DBS in GCC, the majority were unaware 

of their infection in the pre-outbreak (75%, n=3/4) and early-outbreak (69%, n=9/13) periods, reducing 

to 29% (n=7/24) in the ongoing-outbreak phase (Figure 2b). 

 

[Figure 2a. Proportion of PWID reporting an HIV test in the last year by region in Scotland.] 

 

[Figure 2b. Proportion of HIV infected PWID unaware of their infection, proportion of all PWID 
reporting an HIV test in the last year in Glasgow city centre*.]  
*NESI data collected in Glasgow city centre and NHS GGC from Feb-Oct 2015 (early HIV outbreak) 
and Jul-Nov 2017-18 (ongoing HIV outbreak) 
 
 

Assessment of change in HIV testing across outbreak periods within and between regions  
 
 Within each region, the odds of reporting an HIV test was significantly higher ongoing-

outbreak compared to the pre-outbreak period, adjusted for covariates (Table 2). Among PWID 

recruited in GCC, the odds of reporting an HIV test was not significantly different early-outbreak 

(aOR=1.26, 95% CI 0.89 to 1.78, p=0.192) but was raised significantly ongoing-outbreak (aOR=4.68, 

95% CI 3.23 to 6.77, p<0.001), when compared to those recruited pre-outbreak. Among those 

recruited in all other regions, higher odds of reporting an HIV test were found in both early and 

ongoing-outbreak, compared to those recruited pre-outbreak (Table 2, Appendix 1-4). 

 In the Scotland-wide model (involving an interaction between region and outbreak period), 

PWID recruited in GCC had reduced odds of reporting an HIV test pre-outbreak (aOR=0.54, 95% CI 
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0.44 to 0.66, p<0.001), early-outbreak (aOR=0.37, 95% CI 0.27 to 0.54, p<0.001) and marginal 

increased odds ongoing-outbreak (aOR=1.41, 95% 0.97 to 2.05, p=0.069) when compared to the 

reference group of those recruited in other SCCs pre-outbreak (Table 2).  Compared to this reference 

group, lower odds of reporting an HIV test was found in RoG for all periods (pre-outbreak aOR=0.41, 

95% CI 0.36 to 0.46, p<0.001; early-outbreak aOR=0.41, 95% CI 0.32 to 0.52, p<0.001; ongoing-

outbreak aOR=0.63, 95% CI 0.47 to 0.83, p=0.001), and also RoS for all periods (pre-outbreak 

aOR=0.76, 95% CI 0.67 to 0.86, p<0.001; early-outbreak aOR=0.52, 95% CI 0.41 to 0.65, p<0.001; 

ongoing-outbreak aOR=0.62, 95% CI 0.48 to 0.81, p<0.001) (Table 2, Appendix 5). 

 

Table 2. Association between recruitment region/outbreak period and self-reported HIV test in the 

last year among PWID in Scotland, 2008-2018 

 

Factors associated with HIV testing in the ongoing-outbreak period  

 

 For PWID recruited in NHS GCC (including GCC and RoG), higher odds of reporting an HIV test 

was found for those recruited in GCC (aOR=2.13, 95% CI 1.46 to 3.09, p<0.001) compared to RoG, 

injecting cocaine or in public places (aOR=2.20, 95% CI 1.53 to 3.17, p<0.001), receipt of methadone 

(aOR=1.48, 95% CI 1.01 to 2.17, p=0.042), and incarceration in the last year (aOR=1.72, 95% CI 1.18 to 

2.51, p=0.004) (Table 3). Older age (per year increase) (aOR=0.97, 95% CI 0.95 to 0.99, p=0.023) was 

associated with decreased odds of reporting an HIV test. Similar results were found for the RoS, aside 

from injecting drugs (excluding cocaine) was associated with reporting an HIV test (aOR=1.36, 95% CI 

1.04 to 1.77, p=0.026) (Appendix 6).  

 

Table 3. Factors associated with reporting HIV test in the last year among PWID in NHS Greater 

Glasgow and Clyde 2017-18 (ongoing-outbreak) 

 

Discussion  

 

To evaluate the scale-up of HIV testing in response to the ongoing HIV outbreak in GCC, we 

examined self-report of an HIV test in the last year among a sample of approximately 15,000 PWID 

surveyed over the past 10 years in Scotland. We found relatively low levels (33-38%) of self-reported 

testing in GCC in both the pre and early phase of the outbreak. The odds of reporting a test rose more 

than four-fold and rates of HIV testing rose significantly (to 67%) in GCC in the ongoing phase of the 

outbreak, reflecting the progress of local testing initiatives. However, the scale-up of testing in GCC 
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was still modest when compared to other city centres in Scotland.  Whilst more work is needed to 

address the gaps that remain, it is reassuring that those engaging in key risk factors associated with 

the outbreak in Glasgow, specifically public injecting and cocaine injecting (McAuley et al., 2019; 

Trayner et al., 2020), reported significantly higher levels of testing in the ongoing phase of the 

outbreak.  

Phylogenetic research has shown that infections related to the outbreak dated back over a 

decade, suggesting transmission was substantial prior to the peak in diagnoses in 2015 and had 

continued thereafter with several clusters identified up to 2018 (Ragonnet-Cronin et al., 2018). The 

low rates of testing among PWID in GCC (<40% even in the early phase) are in contrast to the high 

uptake of other harm reduction interventions (72% NSP and 81% OST) for this population in the early 

phase of the outbreak. Coupled with the finding that the majority of HIV infected PWID in GCC were 

unaware of their infection in the early phase (69%), the lack of testing and diagnosis has likely been a 

key factor in the 10-fold rise in prevalence of HIV infection observed in GCC (McAuley et al., 2019). 

Whilst data collection in NESI occurs sequentially across NHS board areas (commencing in Glasgow 

first), the lag in recruitment (of only a few months) may have accounted for some of the differences 

observed with other SCCs. Nonetheless, our results suggest that low testing rates in the pre and early 

phase have likely contributed to the persistence of the outbreak in Glasgow, which has been ongoing 

for over six years, considerably longer than other recent outbreaks internationally (Des Jarlais et al., 

2020).  

Another important finding was that receipt of methadone and recent incarceration were 

associated with reporting an HIV test, in line with previous research (Bazazi et al., 2018; Ferraro et al., 

2020; Lambdin et al., 2017; Smith et al., 2018). This likely reflects the achievements of local initiatives 

to expand HIV testing in drug treatment services and prisons, involving the promotion of HIV alongside 

HCV on DBS tests in drug services from April 2015 and the introduction of opt-out BBV testing in 

prisons in February 2016. Other smaller scale interventions, such as testing in community pharmacies 

and outreach, may also have played a role in increasing testing rates. However, limited resources and 

cuts to prevention budgets have likely limited the reach of these interventions in relation to 

widespread testing of all at-risk PWID (Metcalfe et al., 2020; Stuckler et al., 2017). Furthermore, the 

phased approach of the introduction of key inventions in early 2015, followed by early 2016, may 

explain why self-reported testing rates were slow to rise (only by 5%) in GCC between the pre (2008-

2014) and early phase (2015-16). 

The clinical response to the outbreak has engaged more than 90% of cases in care, with 86% 

achieving viral suppression by 2019 (Metcalfe et al., 2020). Despite this progress, the outbreak is 

ongoing, with the number of PWID diagnosed in 2019 (n=26) exceeding that in 2018 (n=19), and avidity 
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testing indicating a substantial proportion are recent infections. While the proportion of PWID 

unaware of their infection decreased in GCC, one quarter were not aware of their infection in the 

ongoing phase (2017-18). Furthermore, we found that less than half of PWID in our sample recruited 

outside of the city centre in the RoG reported an HIV test during the ongoing outbreak phase, which 

is of immediate concern for those in the RoG and neighbouring NHS boards. This is even more 

concerning in the era of COVID-19, where physical distancing measures have severely impacted the 

delivery of HIV testing for PWID (Bartholomew et al., 2020), further increasing the risk of the silent 

spread of HIV that is unlikely to be detected due to low testing rates. 

 The rapid scale up of HIV testing and access to treatment has been instrumental in controlling 

other recent outbreaks internationally (Peters et al., 2016). In Indiana, testing was rapidly scaled up 

through setting up five new testing sites which, combined with extensive contact tracing, rapidly 

contained the outbreak (Peters et al., 2016; Strathdee & Beyrer, 2015). However, modelling research 

demonstrated that over half of infections associated with the outbreak could have been prevented if 

the index case was detected when the only free local HIV testing provider was closed in 2013 

(attributed to the delayed detection of the outbreak) (Gonsalves & Crawford, 2018; Strathdee & 

Beyrer, 2015). This highlights that widespread regular testing is fundamental to prevent HIV outbreaks 

among PWID (Sypsa, 2019). The response to the outbreak in Athens which utilised financial incentives 

and peers (known as ARISTOTLE) (Hatzakis et al., 2015; Sypsa et al., 2017), tested an estimated 88% 

of the vulnerable population in a year and recorded a strong decline in HIV incidence (78%) and 

undiagnosed infection (from 84% to 15%) (Sypsa et al., 2017). Other evidence internationally supports 

the use of financial incentives to engage PWID in HIV prevention care (Herrmann et al., 2016), 

suggesting they are a useful tool in reaching marginalised PWID. Incentivised testing was piloted in 

Glasgow in the summer of 2018, testing 180 individuals of whom 43% had not previously been tested 

within 2 years. However, only one new infection was detected, suggesting that interventions like 

ARISTOTLE, need to be implemented on a much larger scale to control the rapid spread of HIV among 

marginalised PWID.  

Complacency in relation to the prevention of HIV among PWID may have contributed to the 

re-emergence of HIV in Glasgow, where HIV had been successfully controlled for decades at a 

prevalence of approximately 1% (McAuley et al., 2019). Low testing rates, pre-outbreak, likely 

contributed to the rapid undetected spread of HIV in the city. We found lower levels of HIV testing in 

contrast to the other harm reduction interventions including HCV testing, suggesting that the 

prevention of HIV was out-of-step with the prevention of HCV. The prevention of HCV among PWID 

has been the focus of BBV policy prevention for the past decade and has received considerable 

financial investment through the Scotland’s Hepatitis C Action Plan, culminating in a  commitment to 
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eliminate HCV in Scotland by 2024 (Health Protection Scotland, 2019b). The emergence of HIV in 

Glasgow highlights that continued investment in HIV prevention (in addition to HCV) is fundamental 

to sustain a low prevalence of HIV among PWID. Furthermore, if Scotland is to commit to eliminating 

new HIV transmissions by 2030 (HIV Scotland, 2019), addressing the gaps in HIV testing among PWID 

would need to be a key part of such a national elimination strategy.  

In addition to HIV and HCV, PWID in Scotland have faced unprecedented levels of other drug-

related harms, including escalating drug-related deaths and other major infectious disease outbreaks 

(including anthrax and wound botulism) (National Records of Scotland, 2020; Palmateer et al., 2013; 

Trayner et al., 2018). When responding to drug-related harms among PWID, there is a tendency to 

treat each harm (e.g. HIV, HCV or drug-related deaths) as separate issues to be addressed. While of 

course specific interventions have more weight in preventing specific harms, it is important to 

acknowledge that a similar risk environment has facilitated the high levels of drug-related harm 

observed in Scotland. Future prevention strategies may benefit from a more syndemic approach to 

the prevention of harms, including person-centred initiatives which take into consideration wider 

structural influences (Rhodes, 2009; Strathdee et al., 2010).  

 There are a number of study limitations; we did not have information on test settings, and 

therefore could not quantify the contribution of each setting to the increase in testing observed. 

Additionally, further research on frequency of HIV testing is required to fully evaluate the testing 

strategy implemented in response to the outbreak. We have taken steps to ensure that confounding 

in our models is minimal, however some residual confounding may still be present. Our main outcome 

measure (HIV test in the last year) and risk factor data are self-reported, our data therefore may be 

subject to response bias, particularly if recall is poor. However, the credibility of self-report among 

PWID has been assessed elsewhere, and has shown reasonable reliability (Darke, 1998; Dyal et al., 

2015). Furthermore, we have applied the same outcome measure across outbreak periods and 

regions, therefore any potential issue with recall should not unduly affect comparisons drawn. Our 

data relate to individuals attending harm reduction services (including NSP and pharmacies 

prescribing OST) and so may not translate to the whole population, however previous research 

suggests that the vast majority of PWID attend these services in Scotland (Tweed et al., 2018).  

 

Conclusion 

 

 The relatively low levels of self-reported HIV testing pre- and early- outbreak has likely 

hindered efforts to control the spread of infection among PWID in Glasgow. In response to the 

outbreak, initiatives across multiple settings engaged with PWID in GCC helped to increase HIV testing 
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rates, particularly among those at highest risk of infection. However, these increases are less 

pronounced when compared to other Scottish cities, highlighting that gaps still remain. These results 

highlight that further effort is required to ensure that all PWID are regularly tested, not just those in 

areas affected by the outbreak but also in areas near or adjacent to Glasgow to help minimise the 

spread of infection.  Continued investment in HIV prevention, care and surveillance is fundamental to 

detect and respond rapidly to emerging HIV outbreaks and maintain a low prevalence of HIV among 

PWID.   
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