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Abstract

Background: In 2013, guidelines were released for reducing the risk of viral blood-borne
pathogen transmission through organ transplantation. Eleven criteria were described that result in a
donor being designated at increased infectious risk. Human immunodeficiency virus (HIV) and
hepatitis C virus (HCV) transmission risk from an increased-risk donor (IRD), despite negative
nucleic acid testing (NAT), likely varies based on behavior type and timing.

Methods: We developed a Monte Carlo risk model to quantify probability of HIV among IRDs.
The model included NAT performance, viral load dynamics, and per-act risk of acquiring HIV by
each behavior. The model also quantifies the probability of HCV among IRDs by non-medical
intravenous drug use (IVDU).
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Results: Highest risk is among donors with history of unprotected, receptive anal male-to-male
intercourse with partner of unknown HIV status (MSM), followed by sex with an HIV-infected
partner, IVDU, and sex with a commercial sex worker.

Conclusion: With NAT screening, the estimated risk of undetected HIV remains small even at 1
day following a risk behavior. The estimated risk for HCV transmission through VDU is likewise
small and decreases quicker with time owing to the faster viral growth dynamics of HCV
compared with HIV. These findings may allow for improved organ allocation, utilization, and
recipient informed consent.

Keywords

hepatitis C virus; human immunodeficiency virus; increased infectious risk; increased-risk donor;
nucleic acid testing

1| INTRODUCTION

In 1994, the U.S. Public Health Service (PHS) released guidelines for preventing human
immunodeficiency virus (HIV) transmission through organ transplantation.! These
guidelines were updated in 2013 to reflect advances in laboratory HIV screening of organ
donors, changes in understanding of risk factors, and further expanded to include hepatitis B
and hepatitis C virus (HCV) transmission risks. Specifically, the updated guidelines describe
11 criteria that result in a deceased organ donor being designated as ‘increased risk’ for viral
bloodborne pathogen transmission.1:2 Three specific criteria were revised, men having sex
with another man (MSM), non-medical intravenous drug use (IVDU), and sex in exchange
for money (with a commercial sex worker [CSW]), to result in an ‘increased-risk’ donor
(IRD) designation if behaviors occurred within the previous 12 months, rather than 5 years
per the 1994 guideline.12 Another criterion, sex with a known HIV-infected partner
(serodiscordant sex) in the previous 12 months resulted in an “‘increased-risk’ designation
under both guidelines.?

Increased-risk designation results in additional requirements for organ donor screening using
nucleic acid testing (NAT), specific recipient informed consent, and enhanced post-
transplant surveillance for detection of viral bloodborne pathogen transmission.? Use of IRD
organs seldom results in transmission of HIV or HCV through solid organ transplantation,
although such events have been recognized.12 However, patient and provider apprehension
regarding the perceived risks of HIV transmission from accepting organs from IRDs may
result in under-utilization of potentially lifesaving organs.1911 The apprehension regarding
perceived risks of HCV transmission from accepting organs from an IRD because of a
history of VDU also may result in under-utilization of organs.>® The IRD designation
results in a dichotomous (yes or no) classification based on whether the behavior occurred
within the 12 months preceding organ donation.

In actuality the risk of HIV transmission from IRDs is likely to vary based on the type and
timing of the increased-risk behavior.12 In addition, the risk of HCV transmission from an

IRD with a history of IVDU is likely based on the timing of the behavior.® In the setting of
deceased organ donation, precise timing and type of behavior may be unknown to next-of-
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kin providing medical and behavioral risk information on a donor history questionnaire. The
risk is further mitigated in the setting of highly sensitive and specific NAT, which has a
window period of detection of 5-7 days from time of infection.12 To improve organ
utilization and better inform patients of actual risk of HIV and HCV transmission through
use of IRD organs, a more quantitative assessment of risk based on type and timing of
increased-risk behavior is required.

We developed a mathematical model to estimate the probability of undetected HIV infection
in an IRD based on negative NAT and type of IRD behavior (including MSM, IVDU,
serodiscordant sex, and sex with a CSW) from the time of increased-risk behavior relative to
organ donation. The same model was used, with different parameters, to estimate the
probability of undetected HCV infection in an IRD, specifically with history of IVDU, based
on negative NAT and from the time of IVDU relative to organ donation. Estimates have been
determined using data and modeling for per-act risk of transmission. This model may be
helpful to providers and patients in making informed decisions regarding acceptance of an
IRD organ. Implications for organ allocation are discussed.

2| METHODS

To develop this mathematical model, two separate sets of methods were implemented in a
sequential pattern. First, the published literature was reviewed to determine estimates related
to the per-act HIV transmission rate for each increased-risk behavior entered in to the model
(MSM, IVDU, sex with a CSW, and sex with a serodiscordant sex partner), performance
characteristics of laboratory screening assays, and dynamics of acute HIV infection,
specifically viral load (VL) growth. The revised PHS guidelines were expanded to include
HCV owing to the risk of transmission because of VDU and hemo-dialysis. Another review
was completed to determine the estimated per-act HCV transmission rate of the increased
risk behavior of VDU, performance characteristics of laboratory screening assays, and
dynamics of HCV infection, specifically VL growth. Per-act HCV transmission risks for
hemodialysis were unavailable and were therefore not included in the analyses. Second, the
estimates derived from published data were entered into a Monte Carlo statistical model to
determine the probability of undetected HIV or HCV infection in an IRD based on negative
NAT and type and timing of the behavior (including MSM, IVDU, serodiscordant sex, and
sex with a CSW) in relation to the date of the NAT assay. The per-act IVDU risk of HCV
transmission derived from the published data was also entered into a Monte Carlo statistical
model to determine the probability of undetected HCV infection based on negative NAT and
IVDU and timing of the IVDU behavior.

2.1| Literature search and review methods

Review of the published literature consisted of a multistep process. While the PHS
guidelines describe 11 specific increased risk criteria for HIV infection, 9 of the 11 involve
four specific behaviors: MSM, VDU, sex with a CSW, and sex with a serodiscordant
partner. These four behaviors were selected for this study because each of them is associated
with the highest HIV risk according to the literature.13-20 The two additional criteria
mentioned in the PHS guidelines that are relevant to HIV risk, incarceration and newly
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diagnosed sexually transmitted infection, were not included in this study, because per-
encounter or per-act HIV transmission risk estimates were not available in the literature. The
published literature was reviewed for cohort studies from which the per-act HIV
transmission risk could be quantified for the four selected behaviors and the per-act HCV
transmission for VDU could be quantified. Next, the literature was reviewed for studies that
contained quantifiable estimates on the performance characteristics of HIVV NAT screening
assays and HCV NAT screening assay used in organ donation. Finally, studies were included
quantifying the dynamics of acute HIV infection and HCV infection with specific estimates
on VL growth and development of detectable HIV nucleic acid.

To conduct the literature reviews, English language papers were searched in the PubMed
database with no date restrictions. Initially, searches were restricted to U.S.-based studies,
but owing to a dearth of studies conducted among some subgroups, papers published using
data from non-U.S. based cohorts were included. Studies that quantify the per-act HIV
transmission risk for the four selected increased-risk behaviors and the per-act HCV
transmission risk for IVDU were identified using the PubMed search terms: HIV, HIV
infection, human immunodeficiency virus, AIDS and disease transmission, per-contact, per-
act coupled with heterosexual, homosexual, coital, anal, or needle sharing. Another PubMed
search was conducted using the following terms: HCV, HCV infection, per-contact, and
needle sharing. To identify published papers that quantify performance characteristics of
HIV/HCV NAT screening assays and the dynamics of HIV/HCV infection, the following
search terms were used: HIV screening, HCV screening, NAT assay, mathematical models
(searches were also done of secondary references in the important primary references).
Another PubMed search was conducted using the following search terms: VL of HIV, VL of
HCV, HIV NAT, and HCV NAT. Papers describing the time course of HIV VL following
acute infection were reviewed.

Papers related to the four selected increased risk behaviors were reviewed and studies were
selected that estimated the per-act HIV transmission risk for the respective behavior along
with associated 95% confidence intervals. Articles were reviewed and selected that
estimated the per-act HCV transmission risk for VDU along with the associated 95%
confidence intervals. Articles describing mathematical models that generated transmission
risk estimates, especially among populations engaging in increased-risk behaviors, were also
selected.

The initial HIVV PubMed search to determine published studies describing per-act
transmission risk of the four selected increased-risk behaviors resulted in 8264 abstracts. Of
these, 16 papers were identified that described randomized trials or observational, cohort-
based studies where a per-act HIV transmission risk could be quantified for MSM, IVDU,
sex with a CSW, or sex with a serodiscordant partner. These 16 studies included 2 meta-
analyses, which provided pooled estimates. Of these 16 studies, 5 were selected for
inclusion into the model based on several factors (Table 1%:13.1519.21y The studies chosen
had robust design, large cohorts, and long follow-up period. Therefore, the precision of the
resulting estimates from these studies was robust and could be used in the model as the most
accurate available estimation of per-act transmission risk for each increased-risk behavior.
For this model, MSM behavior is defined as unprotected receptive anal intercourse because
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this confers the highest HIV transmission risk.19:20 Specifically, separate estimates were
modeled based on ejaculation inside the rectum (MSM1) and risk regardless of ejaculation
(MSM2). In the present study, per-act risk of HIV transmission, as described in a Thailand
cohort among IVDU, was used.1314 Serodiscordant couples are defined as a stable couple in
which one partner is HIV positive.17:18 Table 1 includes the per-act risk estimates for each
increased-risk behavior used to develop the model.

The HCV PubMed search to determine the published studies describing the per-act
transmission risk for IVDU behavior resulted in 2166 abstracts. Of these, nine were
identified that described randomized trials or observational, cohort-based studies where a
per-act HCV transmission risk could be quantified for IVDU. The per-act risk used in the
model was taken from Boelen et al.?

The second PubMed search was conducted to understand the performance characteristics of
HIV/HCV NAT screening assays in relation to the dynamics of acute HIV/HCV infection.
The specific characteristics of the HIV/HCV NAT screening assays that were of interest
were window period, sensitivity, specificity, and limit of detection. The viral dynamics of
HIV/HCV were of interest in determining the VL from the day of infection to the day of
seroconversion. After reviewing several studies of the performance of HIV/HCV NAT assays
and the viral dynamics of HIV/HCV, these two cofactors for our model development were
selected based on one mathematical modeling study.22 This study was selected because it
describes the risk of HIV/HCV transmission by NAT window-period blood donations.

2.2 | Statistical methods

Using estimates derived from the literature as described above, risks of undetected HIV and
HCV infection among IRDs were computed using Monte Carlo and statistical methods, first
for single-act risk performed at a known time point prior to donation, and presuming a
negative NAT result in each case. All computations were done on a single high-performance
workstation using the Mathematica 8.1 software (Wolfram Research, Champaign, IL, USA).
Some peripheral computations and visualizations were performed using JMP version 10
(SAS Institute, Cary, NC, USA).

The single-act risk Monte Carlo computations were performed as follows. Initial viral
inoculums for each type of risk act were assumed to have a mean proportional to the per-act
risk and to be lognormally distributed with a variance independent of the mean, consistent
with Wilson et al. and Pilcher et al. respectively.2324 This distribution is also consistent with
experiments on primates, as the initial VL cannot be measured directly from experiments in
humans.2® Those viral inoculums were allowed to grow at an exponential rate with a
normally distributed rate constant. The mean and standard deviation of the exponential
growth rate constants for HIV and HCV are based on Weusten et al.22 Finally, the threshold
for detection by the NAT assays for HIV and HCV were also assumed to be lognormally
distributed,22 with means and variances consistent with the 95% high confidence bounds for
the assay.

Time to cross the threshold of detection is given in Equation 1,
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where 0 is the threshold of detection of the NAT assay, v is the initial viral inoculum, A is
the rate of viral growth, and At is the time required for viral growth in the bloodstream to
exceed the threshold. The equation can be log transformed and inverted into a more
convenient form to compute At, which is the goal of the Monte Carlo simulation (Equation
2):

At = (Ln(6) — Ln(vp))/A  (2)

For each Monte Carlo run, the variables on the right side of Equation 2 are distributed as
described above, and in particular distribution parameters for the initial viral inoculum, vy,
are assumed proportional to the values shown in Table 1.

The resulting simulated values for At were recorded for all Monte Carlo runs and fit to a
Johnson Su distribution,26 where the probability density function (pdf) for the distribution is
(as a function of time from infection, #:

2

5 1 —0.5(y+6 sinh™ 1 (¢ — §/0))

pdf(f) = —— ——e¢ (3)
V2T \/1 + (1 - &/o)*

where a, 8, €, and y are estimated parameters of the distribution.

Even for up to 10 000 Monte Carlo samples, the fit to the distribution was very good, and
always exceeded the threshold to guarantee the null hypothesis was reasonable (~>.35). This
flexible and powerful distribution often arises in cases of some basic transformations of
combinations of normal random variables. The cumulative distribution function of the
resulting Johnson Su distribution, in turn, was used to compute risk with time. Because risk
is computed from a closely fit distribution, and not from the results of the Monte Carlo
directly, risk probabilities well below 1 in 10 000 (or however many Monte Carlo runs are
used) are justified.2’

The fit of the Monte Carlo results to the Johnson Su distribution described above made the
single-act risk probability calculations very computationally efficient. Because the per-act
risk probabilities of transmitted HIV were relatively small (typically <2%, see Table 1), the
risk probabilities for multiple risk acts behaved as if the probabilities for each risk act were
working independently, so that the probabilities could be summed to a good approximation.

Computations of the risk for HIV exposures that occurred at uncertain times during a
specified time interval were computed by numerically integrating (averaging) the risk
probabilities over the interval, assuming the risk was uniformly distributed over that interval
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(ie, all times were equally likely for the risks to have occurred). Combinations of each type
of risk, as shown in Figures 2 and 3, were assumed to occur independently of one another.

3| RESULTS

Results for a single risk-act of each type at known time of exposure are shown in Figure 1.
Of the six curves shown in Figure 1, one applies to HCV infection (in bright red), the rest
are for different types of HIV risk. These results are also presented in tabular form for
certain time points in Table 2. MSM1 risk for HIV infection was computed with the highest
per-act risk defined as ejaculation inside rectum; MSM2 were computed with transmission
risk regardless of ejaculation. The highest probability of undetected HIV infection for an
individual risk behavior was for MSML1 at 1 day after engaging in the behavior. At 5 days
after engaging in the behavior, the risk for MSML1 is 2.22%, which then decreases to 0.03%
by 10 days, <0.01% by 14 days, and is negligible at 28 days. At the 6-month and 12-month
marks, the probability of undetected HIV infection for MSM1 is effectively 0% with NAT
screening. The probability of undetected HIV infection for MSM2 behavior was similar to
MSML1 in the setting of NAT screening, although it decreases somewhat more slowly, as
explained below. The risk of undetected HIV infection with negative NAT screening is
lowest for sex with a CSW. At 1 and 10 days following exposure, the risks are 0.06% and
0.05%, respectively, but drop relatively more slowly compared to higher risk behaviors, for
reasons explained below. Similar to the other behaviors studied, the risk rapidly declines
after 7-10 days, and is near zero at 28 days. The dynamics are similar for HCV VDU risk,
except are faster than HIV owing to higher viral growth rates for HCV, which are somewhat
offset by the higher threshold of detection for the NAT assay.

Confidence intervals and uncertainty bounds are built into the Monte Carlo calculation,
which can be seen if the results are presented slightly differently. For example, MSM1 risk
carries a 2.85% risk of infection with HIV with 95% confidence, and will be detected by
NAT in a mean of 5.91 days and with 95% confidence in 8.48 days. Similarly, VDU with
needle sharing carries a 1.05% risk of HCV infection at the 95% confidence bound, detected
by NAT in a mean of 6.55 days and with 95% confidence in 9.07 days. The parameter values
for the Johnson Su distribution change slightly between Monte Carlo runs, but these
variations can be minimized to negligible with more iterations of the Monte Carlo, as we
observed after running 10 000 times.

Note that while the height of each curve is determined by the per-act risk, the rate of
decrease of each curve with time is largely determined by the lower number in the
confidence interval of the per-act risk. The reason for this is that the lower bound of the
confidence interval determines the maximum time it takes for an initial inoculum to cross
the threshold of detection of the NAT assay: a lower initial inoculum could lead to a longer
period of undetected infection. Therefore for MSM1 behavior, while having the highest per-
act risk and initial risk at 0—4 days post exposure, within less than a week has a lower risk of
infection than MSM2 behavior, because it would have been detected with NAT screening
quicker than MSM2.
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Figures 2 and 3 show the risk vs time for two possible risk exposures for HIV (since only
one type of risk is modeled for HCV). Figure 2 shows the combined risk when the time since
both risk acts is known to within 1 day; Figure 3 shows the combined risk when the timing
of each risk act is only known to a given time interval in the past (shown to a maximum of
60 days). While higher than individual acts, the risk of undetected HIV infection with
combined risk behaviors is low (<5%). The highest risk of undetected HIV infection with
combined risk behaviors is among MSM1 and serodiscordant sex (4.35% risk) behaviors,
followed by MSM1 and 1VVDU (3.77% risk), while the lowest risk is among IVDU and CSW
(0.98% risk) at 1-5 days. By 20 days following exposure to any combination of two
increased-risk behaviors, the probability of undetected HIV infection with negative NAT is
negligible.

The combined risk calculations discussed here assume that the risk acts are temporally
independent of one another. This assumption is conservative, as correlated risk acts would
result in a higher initial VL and therefore cross the NAT threshold quicker. The absolute
risks per-acts are summed (height of the risk surface), but the probabilities of the Johnson Su
distribution for each type of risk are integrated over the time interval to distribute the risk
uniformly over the entire time interval.

Finally, Figure 4 shows the risk of HCV infection for IVDU as a function of exposure
window, when the timing of the exposure within the window is uncertain (similar to Figure 3
for HIV, but with only one type of risk modeled).

4| DISCUSSION

We developed a mathematical model to estimate the probability of undetected HIV or HCV
infection in an IRD despite negative NAT screening results. Risk varied, depending on type
and timing of increased-risk behavior. The model was based on parameters previously
defined related to the following: (i) the per-act transmission risk, (ii) VL dynamics of acute
HIV or HCV infection, and (iii) performance characteristics of NAT assays. With a single
risk behavior, the risk of HIV infection among IRDs with negative NAT is highest within 5
days of engaging in the behavior, significantly decreased at 14 days following exposure, and
continues to decline until 2 months, beyond which it is negligible. The highest risk is among
donors with history of MSM behavior, followed by sex with a known HIV-infected partner
of the opposite gender (serodiscordant sex), VDU, and sex with a CSW respectively.
However, the risk including among MSM, even at 1 day after the behavior, is small (<3%) if
the donor is screened by NAT. Even with multiple behaviors being conducted by a donor
near the time of testing and organ recovery, the estimated risk of undetected HIV infection
remains small (<5% for MSM and serodiscordant sex behaviors combined). Risk of
infection by HCV for those with IVDU who share equipment is similarly small, with even
faster viral dynamics than HIV, so that risk of undetected infection by NAT is even smaller
with time. These estimates provide more information to enhance recipient informed consent
and could lead to increased utilization of organs from IRDs.

According to the Organ Procurement and Transplant Network, 122 642 people are awaiting
organ transplantation in the United States with only approximately 30 000 transplant
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surgeries occurring annually. Despite this shortage in available organs, along with studies
that have demonstrated acceptable outcomes with transplantation of IRD organs, under-
utilization of these organs has been reported.11:12.28.29 This under-utilization has been
attributed to patient apprehension and provider reluctance owing to the perceived risk of
viral bloodborne pathogen transmission.1! The findings of the present study suggest that that
the actual risk of HIV and HCV transmission is likely to be far lower than the perceived risk,
particularly given the superior performance and low limit of detection of NAT assays used
for screening organ donors, although this perception needs to be objectively measured. The
decision to accept or reject an organ must be made after an individualized risk/benefit
assessment by the patient and respective clinical team. However, the findings of this study
can serve as a guide for informed consent discussions between potential recipients and
transplant clinicians to more quantitatively convey risk estimates.

The present analysis suggests that, although the risk of HIV is low in the setting of NAT,
MSM behavior conveys the highest risk for undetected acute HIV infection. This
observation is consistent with previous epidemiologic findings that suggest a high HIV
incidence among MSM in the United States.2%:30 Furthermore, MSM constitute the largest
proportion of new HIV infections in the U.S.31 In the U.S., the HIV prevalence among MSM
has been reported to be substantially higher than among those with IVDU.20:32 The findings
of this study are consistent with observations among other populations in the U.S. in that, at
1 and 5 days after exposure, the undetected HIV risk among MSM was approximately twice
the risk among donors with IVDU.

The findings of this study are subject to the following limitations. First, the per-act
transmissions rates of HIV for each increased-risk behavior were derived from some cohorts,
specifically for serodiscordant sex, VDU, and sex with a CSW, that were based in non-U.S.
settings. In some cases, these countries have different predominant HIV sub-types,
prevalence, and incidence than the U.S. The impact on model findings are unknown, but
could over-estimate the HIV transmission risk, specifically related to sex with a CSW. The
per-act transmission rate for HCV was derived only from an IVDU cohort. There may be
other risks for acquiring HCV; for example, hemodialysis and other healthcare-associated
acquisition of infection. Specifically, per-act HCV transmission risks for hemodialysis were
unavailable and therefore not included in the analyses, and this risk is assumed minor
compared with that associated with 1VDU.

Second, this model estimates the probability of undetected HIV and HCV infection with
discrete increased-risk acts occurring either at a known time or during a known time interval.
In actuality, the exact timing or even time interval of an increased-risk behavior may be
unknown to the next of kin who completes the medical and behavioral risk questionnaire
prior to organ procurement. Although the impact on the subsequent HIV and HCV risk
estimates has not been quantified, the risk will not exceed the per-act risk at day 1 after NAT.

Third, the revised PHS guidelines recommend either HIV NAT or screening with a
combined p24 antigen and HIV antibody assay for IRDs. We did not develop HIV risk
estimates based on p24 antigen detection, as most organ procurement organizations in the
U.S. currently use NAT for HIV screening. However, the risk could be higher in the setting
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of only p24 antigen and HIV antibody assay screening, owing to the longer window-period
of detection in comparison with NAT. Finally, this model did not include estimates for
presumably lower risk exposures within each increased-risk category, as reliable estimates
were not available in published literature. These lower risk exposures could include MSM
behavior within long-term monogamous partnerships, which confers lower HIV
transmission risk than the MSM estimates used for the present study.

The model quantifies a more precise estimate of the risk of undetected HIV and HCV
infections among IRDs who have negative pre-donation NAT screening. The use of the
model could lead to improvements in organ allocation and utilization, given that in many
cases the computed risks are relatively small, compared with clinician and patient
perception.

Abbreviations:

CsSw commercial sex worker
HCV hepatitis C virus
HIV human immunodeficiency virus
IRD increased-risk donor
IvVDU intravenous drug use
MSM men having unprotected receptive anal intercourse with men
MSM1 MSM with ejaculation inside rectum
MSM2 MSM regardless of ejaculation
NAT nucleic acid testing
PHS U.S. Public Health Service
VL viral load
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FIGURE 1.
The figure shows risk of human immunodeficiency virus (HIV) or hepatitis C virus (HCV)

being present despite negative nucleic acid testing vs time for different types of risk
behavior, out to 20 days. MSM1 behavior is shown in blue, MSM2 in purple, sex with a
serodiscordant partner (SeroD2) in magenta, HCV infection due to intravenous drug use
(IvDU) in bright red, HIV infection due to IVDU in brown, and commercial sex work
(Sex4$) in bright green. The high-risk act in each case is assumed to have occurred at day 0.
MSM1, men having unprotected receptive intercourse with men with ejaculation inside the
rectum; MSM2, men having unprotected intercourse with men regardless of ejaculation;
serodiscordant, sex with a known HIV-infected partner
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FIGURE 2.
Surface plots show risk of human immunodeficiency virus (HIV) infection given negative

nucleic acid testing as a function of days after two different risk behaviors. The plot z-axis
shows risk in percentage points, the x-axis shows days since risk behavior type 1, and the y
axis shows days since risk behavior type 2, out to 20 days at which the risks for both types
become negligible (see Figure 1). A, Men having unprotected receptive anal intercourse with
men (MSM1) behavior (x-axis) and intravenous drug use (1\VDU) ()~axis), B, MSM1 and
serodiscordant sex (sex with a known HIV-infected partner), C, MSM1 and sex with
commercial sex worker (CSW), D, Men having sex with men regardless of ejaculation
(MSM2) behavior and IVDU, E, MSM2 and serodiscordant sex, F, MSM2 and CSW, G,
IVDU and serodiscordant sex, H, IVDU and CSW, and I, serodiscordant sex and CSW
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FIGURE 3.
Surface plots show risk of HIV infection given a negative nucleic acid test as a function of

time interval uncertainty for two different risk behaviors. The plot z-axis shows risk in
percentage points, the x-axis shows the size of the unknown time interval (in days) for risk
behavior type 1, and the y axis shows the unknown time interval for risk behavior type 2, out
to 60 days. Thus, a value of 10 on the x-axis indicates that risk behavior 1 happened
sometime in the last 10 days. A, MSM1 behavior (x-axis) and intravenous drug use (IVDU)
()-~axis), B, MSML1 and serodiscordant sex (sex with a known HIV-infected partner), C,
MSM1 and sex with commercial sex worker (CSW), D, MSM2 behavior and IVDU, E,
MSM2 and serodiscordant sex, F, MSM2 and CSW, G, VDU and serodiscordant sex, H,
IVDU and CSW, and I, serodiscordant sex and CSW. MSM1, men having unprotected
receptive anal intercourse with men with ejaculation inside the rectum; MSM2, men having
sex with men regardless of ejaculation

Transpl Infect Dis. Author manuscript; available in PMC 2018 November 29.
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FIGURE 4.
The figure shows the risk of hepatitis C virus (HCV) infection despite a negative nucleic

acid test vs an exposure window duration, where the timing of the exposure in the window is
unknown. The HCV risk is from intravenous drug use with needle and equipment sharing
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