
Per-contact Infectivity of Hepatitis C Virus Infection and Reinfection 
in Association with Receptive Needle Sharing Exposures in a 

Prospective Cohort of Young Injection Drug Users in San Francisco, CA
Leyva Y1, Page K1, Shiboski S2, Hahn J2, Evans J2, Erhardt E3

1University of New Mexico Health Sciences Center, Albuquerque, NM; 2University of California San Francisco, San Francisco, CA; 3University of New Mexico, Albuquerque, NM

Introduction

Methods

Results Discussion & Conclusions
§ Injection drug use and sharing injecting 

equipment are the most common means of 
HCV transmission among people who inject 
drugs (PWID).

§ A limited number of studies have been 
conducted to assess the risk of hepatitis C virus 
(HCV) infection, among PWID, associated 
with Receptive Needle Sharing (RNS): i.e. 
injecting with another person's previously-used 
needle. 

§ Boelen et al.1 estimated per-contact infectivity 
of HCV associated with any equipment sharing 
among people in correctional facilities in 
Australia as:  0.57% (CI: 0.32%, 1.05%). This 
study did not specifically evaluate receptive 
exposures. 

§ We estimate the per-contact infectivity of HCV 
associated with RNS using data from an 
ongoing prospective cohort of young PWID at 
risk of HCV in San Francisco, California.

Data Collection
Data were previously collected as part of the 
UFO Study, a prospective observational cohort 
study of 784 active PWID under age 30 who 
were surveyed and tested quarterly for HCV 
between 2003-2008 and 2010-2014 in San 
Francisco, California 2,3 (Table 2).

• Participants were tested for anti-HCV and/or an 
HCV RNA.
• Subjects received follow-up testing for HCV 

and were surveyed quarterly regarding their 
injection exposures, including RNS. (Figure 2)

Statistical Model
Per-contact infectivity rate of HCV transmission 
for RNS: 𝛽"
• Estimated via maximum likelihood function, 𝐿, 

for a sample size of 𝑁 participants and 𝑆&
interviews per participant: 
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𝑦&(: HCV infection status for each visit interval. 
𝑦&(	= 0 for HCV– participants; 
𝑦&( = 1 for HCV+ participants. 

𝐿	models the HCV transmission process as a 
series of Bernoulli trials for each participant-
visit interval.

Outcome: 𝑓&(, transmission probability of 
incident HCV infection	representing the 
conditional probability of transmission 
occurrence as a function of 𝛽" and the number of 
reported contacts 𝑛&( (primary exposure):

𝑓&( = 𝑓&( 𝛽" 𝑛&( = 1 − 1 − 𝛽" 9/0.

▲Table 1: Per-
contact infectivity 
of HCV associated 
with receptive 
needle sharing 
(RNS). Estimate is 
from Maximum 
Likelihood 
Estimator; 
Confidence 
Intervals (CI) are 
estimated using 
nonparametric 
bootstrap.

◀ Figure 2: 
Visualization of 
each participant’s 
seroconversion 
status at every 
interview. N=784 
subjects; 39% 
became HCV-
positive at least 
once during their 
participation in the 
study.

Group n 𝜷𝑵 95% CI

All Participants 593 0.25% (0.10%, 0.43%)
Participants with primary 
infection only 101 0.89% (0.20%, 2.27%)

Reinfected participants only 17 1.62% (0.44%, 8.14%)

Participants with primary 
infection or reinfection 118 1.12% (0.48%, 2.36%)

A total of 593 participants were included in this analysis. 
118 (20%) had incident HCV infection over the 
observation period. 

• The per-contact infectivity of HCV associated with 
injecting with a previously used needle was 0.25% (95% 
CI: 0.10%, 0.43%) for all participants (including those 
who remained HCV-negative throughout the study).

• The per-contact infectivity estimates of HCV associated 
with RNS, for all participants with primary infection 
and/or reinfection, are summarized in Table 1. 

§ To our knowledge, this study provides the first 
per-contact estimates of HCV infectivity 
specific to RNS from prospective data in young 
adult PWID. 

§ Per-contact infectivity was 0.89% and 1.62% 
for participants who acquired a primary or a 
reinfection, respectively. 

§ Our estimates include an overall estimate 
showing that in this population of young adult 
PWID, including those who did not become 
infected, there is a 0.25% chance of acquiring 
HCV from one RNS exposure. 

§ The strengths of this study include assessing 
infectivity specifically from data on RNS (vs. 
‘sharing needles’), and short (3-month) recall 
and HCV testing periods, potentially 
contributing to higher infectivity estimates than 
estimated by others. 

§ An important consideration of this model is the 
assumption that all RNS events carry the same 
risk of infection rather than depending on 
sharing partner characteristics.  Future studies 
should examine behaviors conditional on 
knowledge of partner serostatus. 

§ A simulation study revealed that the model 
used in this analysis is useful for only one 
exposure type (RNS, receptive equipment 
sharing, or receptive backloading) separately. 
An ideal future model would assess multiple 
exposures simultaneously.4
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Demographic characteristics N (%) or 
*M (IQR)

Sex/gender
Male
Female
Other/unreported

524 (66.8)
205 (26.1)
55 (7.1)

Race
White/Caucasian
Asian/Asian-American
Black/African-American
Latino/a or Hispanic 
Native American
Other

591 (75.4)
15 (1.91)
42 (5.35
54 (6.89)
49 (6.25)

79 (10.08)
Age, years
Age at first injection

22 (20-25) *

17 (15-19) *

Highest school grade completed 12 (10-12.5) *

Number of days injected substance in last month:
Speedballs/ Goofballs
Heroin
Speed
Cocaine
Crack

0 (0-2.5) *

20 (7.5-30) *

0 (0-2) *

0 (0-0) *

0 (0-0) *

Number of days injected any substance including
medication in the past month 25 (12-30) *

Number of injections per day in the last month 3 (2-4) *

Number of people whose used rig was borrowed by the 
participant in the last 3 months 0 (0-1) *

Number of people with whom the subject injected in the 
past month 5 (3-8) *

Number of times engaged in RNS with the three people 
with whom subject injects the most 0 (0-2) *

Borrowed a used rig from someone in last 3 months 297 (37.9)
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▼Table 2: Baseline characteristics of study participants (N=784).        


