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Internationally, the designation of a patient as an increased viral risk organ donor has been associated with lower utilisation rates. The actual prevalence of blood borne viruses in Australian potential organ donors, and the predictive performance of questionnaires administered to stratify this risk, remains unknown. We conducted a retrospective review of all patients who commenced workup for donation on the national database between 2014–2020. The prevalence of HIV, Active HBV and Active HCV in 3650 potential organ donors was 0.16%, 0.9%, and 2.2%, respectively. The behavioural risk profile was assessed in a subset of 3633 patients. Next-of-kin reported increased risk behaviours were associated with an increased prevalence of HCV but not of HIV or HBV (OR 13.8, p < 0.01, OR 0.3. p = 0.42, OR 1.5, p = 0.14). Furthermore, the majority of HIV and HBV infections occurred in potential donors without a disclosed history of increased risk behaviours. In this series, donors had a higher prevalence of HCV, and similar rates of HBV and HIV to the broader community. Behavioural transmission risks were poorly predictive of HIV and HBV. Rather than pre-transplantation behavioural risk screening, routine post-transplant recipient screening may provide a more powerful tool in mitigating the consequences of unexpected viral transmission.
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INTRODUCTION
The potential for donor derived infections of human immunodeficiency virus (HIV), hepatitis B virus (HBV) and hepatitis C virus (HCV) is an important consideration in the medical suitability assessment of any organ donor. In addition to routine pathology screening, the structured exploration of donor increase-viral-risk behaviours (IRBs) is a routine component in the assessment of risk for transmission of blood-borne viruses (BBVs) (1).
Conducting a structured behavioural interview is a significant undertaking. The potential donor has often died in a sudden and unexpected manner and acutely bereaved family members are requested to engage in an extensive screening interview of their relative’s medical history and behaviours. The Australian interview contains over 40 questions and covers a variety of sensitive subjects including the deceased’s sexual health, illicit drug use, forensic and psychiatric histories.
The identification of what constitutes an increased-viral risk behaviour (IRB) has historically been derived from a combination of discerning biologically plausible mechanisms for transmission, self-reported behaviours in ecological studies and expert opinion (2).
Potential donors who have no evidence of BBV exposure on blood testing but are thought to have engaged in recent IRBs are designated as increased-viral-risk donors (IVRDs). The underlying premise being engagement in recent IRBs is thought to produce a clinically meaningful elevation in the risk of window period infection when compared to standard risk organ donors.
Designation as an IVRD may have significant implications. International experience shows IVRD designation is associated with lower utilisation of organs (3, 4), resulting in less patients being transplanted. This is despite evidence that the objective risk of transmission is extremely low (5–7), and that IVRD organs come from donors who are on average younger, and have less comorbidities (8, 9). Recipients who accept an IVRD organ offer, have fewer post-transplant complications, and in some series, improved long-term survival (10–13).
A recent study, from New South Wales, Australia, highlighted that a significant portion of potential donors did not proceed to donation, based solely on the presence of increased risk behaviours (14). In some instances, the decision not to progress with donation workup occurred prior to pathology screening.
The prevalence of BBVs and IRBs in a national cohort of Australian potential organ donors has not been previously described. The external validity of IRBs derived from US populations has also not been tested in an Australian context (15).
Given the effort required to elicit a history of behavioural risks, and the sequelae of a designation of increased risk, it is important to confirm that currently utilised questions successfully risk stratify potential organ donors.
This study aims to determine the prevalence of BBVs within potential organ donors in Australia and determine the utility of currently used behavioural questions to differentiate risk within this cohort.
PATIENTS AND METHODS
Design
A retrospective audit of the national electronic donor record (EDR) database was undertaken to identify all potential organ donors referred over a 6-year period between March 2014 and March 2020. The database is hosted by the Australian Organ and Tissue Authority (AOTA).
The project was approved by the Melbourne Health human research ethics committee (QA2019030), the AOTA Data Governance Committee, and undertaken with the approval of each of the eight state and territory jurisdictions. The study was conducted in accordance with the ethical standards laid down in the Declarations of Helsinki and Istanbul.
Setting
Australia is a multicultural nation with 30% of the population having been born overseas and 46% of Australians having at least one parent born overseas (16, 17). The prevalence of HBV is 0.9% (18), with most cases occurring in migrants from higher prevalence countries. The prevalence of HIV and anti-HCV are 0.1% (18) and 2.3% respectively (19).
The AOTA coordinates the DonateLife network, which includes the organ procurement entity in each state and territory, and a network of over 90 donation hospitals. In 2019, Australia had an estimated population of 25.6 million and a donation rate of 21.6 deceased organ donors per million population (20).
In partnership with AOTA, the Transplantation Society of Australia and New Zealand (TSANZ) author donor evaluation policy and issue national guidelines on the requirements for testing for BBV in potential organ donors (1). It is then up to individual transplant clinicians and patients to determine the risk benefit of an individual organ offer.
Testing for Blood-Borne Viruses
There has been an evolution in mandatory and recommended testing for BBV since 2014. From 2014 mandatory tests were HIV antibody, Hepatitis B surface antibody (HBsAb), Hepatitis B surface antigen (HBsAg), Hepatitis B core antibody (HBcAb) and Hepatitis C antibody (HCV Ab). Nucleic acid testing (NAT) for HCV and HIV was recommended for IVRDs. From April 2016, Hepatitis B NAT was also recommended for IVRDs (1). From May 2019 the testing requirements specified that the HIV serology testing be a combination antigen/antibody assay and also stated that prospective NAT for HIV, HBV and HCV was required wherever this was logistically feasible and was strongly advised for IVRDs. However, if serological screening results were negative, and awaiting NAT results would represent an unreasonable delay, transplantation could proceed at the discretion of the transplant team and with appropriate recipient consent (1). The majority of national deceased organ donor serology and NAT testing is undertaken by Australian Red Cross Lifeblood in dedicated state-based processing centres.
Administration of the Behavioural Risk Assessment Questionnaire
As part of the workup for donation, specialist donor coordinator nursing staff conduct interviews with family members and close associates of the potential organ donor. A behavioural risk assessment questionnaire (BRAQ) is utilised, with occasionally more than one administered if separate interviews are required according to family circumstances. The BRAQ includes more than 40 questions, and records respondent’s answers both dichotomously (yes/no), and with free text fields. Answers are recorded in the EDR.
Study Population and Sampling
The target population for this study were patients who commenced workup for organ donation in Australia.
We included all patients who had an EDR commenced and excluded those who did not progress to BBV testing for all three viruses (Figure 1). EDR commencement occurred when provisional family consent was obtained and prior to the administration of the BRAQ or testing for BBVs. Patients were excluded if they did not progress to BBV testing or did not have a BRAQ administered.
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Data Collection and Classification of Cases
Basic demographic data, results of the BRAQ, and pathology results for HIV, HBV and HCV were extracted for analysis.
Blood-Borne Virus Exposure Status
Blood specimens were initially classified by their haemodilution status. Specialist donor coordinator nurses audited the administration of intravenous therapy and blood product transfusions received in the 48 h prior to blood sampling for BBV testing. Pathology specimens were classified as potentially haemodiluted if the volumes of crystalloids, colloids and blood products, as a percentage of total plasma and blood volumes, exceeded a prescribed threshold (Supplementary Figure S1).
For the purpose of this study, a case was classified as having an unknown viral status, when there was either:
1) No serology or NAT undertaken for the virus.
OR
2) All tests were undertaken on haemodiluted samples AND all sample results were negative for the virus.
A case was classified as “exposed” to a virus, when serology or NAT indicated either current or past infection, with one the following tests being positive: HIV serology, HIV NAT, HBcAb, HBsAg, HBV NAT, HCV Ab, or HCV NAT. “Active” infection was defined by one of the following tests being positive: HIV serology, HIV NAT, HBsAg, HBV NAT, or HCV NAT.
Inactive HBV infection may result in reactivation and clinically significant disease in liver transplant recipients (1). Inactive HBV was defined as any evidence of prior HBV exposure (HBcAb) but no evidence of active replication (HBsAg -ve, HBV NAT -ve).
Inactive HCV infection may result from spontaneous clearance or successful treatment (1). Inactive HCV was defined as evidence of previous HCV exposure (anti-HCV positive), with no detectable HCV RNA on NAT.
This classification held, even if the specimen was flagged as haemodiluted. In cases where the test was repeated and found to subsequently be negative, the case was still classified as exposed (Supplementary Table S4).
As such we have adopted a conservative case definition where an exposed case may indicate current infection, past infection or a false positive.
“Any exposure to BBV” was defined as a positive test result for exposure to any BBV, and “Any active BBV” was defined as positive test result for active BBV infection.
Hepatitis B immunity was defined as being HBsAb positive, with negative HBcAb, HBsAg and HBV NAT.
A case was classified negative for a virus when a valid, non-haemodiluted sample was analysed, and all NAT and acute and chronic serological markers were negative.
Presence of Increased-Viral-Risk Behaviours
Within Australia, patients must fulfill at least one of 11 criteria to be designated an IVRD. These criteria consist of eight IRBs, and an additional three clinical scenarios that may confer increased risk which are not included in our analysis:
1) Where the potential donor is already known to have a BBV
2) Where the medical and behavioural history cannot be obtained
3) When a non-haemodiluted blood specimen cannot be obtained
Eight IRBs were screened for during the administration of the BRAQ. They are:
1) Person who injects drugs (PWID) by intravenous, intramuscular, or subcutaneous route for non-medical reasons
2) Men who have sex with men (MSM)
3) People who have been in lockup, jail, prison, or a juvenile correctional facility for more than 72 consecutive hours
4) People who have had sex in exchange for money or drugs
5) People who have had sex with a person in any of the above groups
6) People who have been newly diagnosed with, or have been treated for, syphilis, gonorrhoea, chlamydia, or genital ulcers
7) A child who is 18 months old or younger and born to a mother known to be infected with, or at increased risk for, HIV, HBV or HCV infection
8) A child who has been breastfed within the preceding 6 months, and the mother is known to be infected with, or at increased risk for, HIV, HBV or HCV infection
At the commencement of the study period, these IRBs were recorded in the EDR if they occurred within the last 12 months, or in the case of injecting drug use, had ever occurred. In line with changes by the TSANZ, after April 2016, the database recorded these behaviours only if they occurred within the last 10 weeks. A composite variable “Any predictors” was utilised as the presence of at least one IRB designating an IVRD (Supplementary Tables S5–S7).
Analysis
A priori 2-sided sample size calculations were undertaken (alpha 0.05, power 0.80). Modelling used the prevalence of BBVs in Australian deceased tissue donors (21) and examined a range of potential risk-factor prevalence (1–30%) (Supplementary Table S1).
Results demonstrate that for an expected case series of 3,288, the sample size would be suitable to reveal clinically significant increases (OR 10) in prevalence for HBV (for risk factors frequencies >1%) and HCV (risk factor frequencies ≥5%), but were likely to be underpowered to find associations with HIV for all but the most prevalent risk factors (Supplementary Tables S2, S3).
The composite IRB variable (“Any predictors”) was analysed for its prediction of “Any BBV exposure” through calculation of sensitivity, specificity, positive predictive value, negative predictive value and odds ratio.
Statistical analysis was performed using STATA/IC 15.1 (StataCorp LLC).
The prevalence of each disease and risk factor was determined. Statistical comparison of proportions was undertaken using Chi-square analysis with Fisher’s exact method (alpha 0.05). Difference between non-parametric variables were analysed using Wilcox rank-sum. Confidence intervals for proportions were calculated using the binomial exact method.
RESULTS
Between March 2014 and March 2020, 3,724 individuals were referred to DonateLife and had an EDR commenced. Seventy-four individuals had workup for donation terminated prior to testing for all three viruses. Typical reasons for discontinuation include medical instability, identification of a contraindication to donation, and withdrawal of consent to proceed (Figure 1).
In total, 3,650 patients underwent pathology testing for BBV exposure. A combination of both NAT and serology screening was undertaken in the vast majority of cases (89.5%). Serology testing without NAT occurred in 10.5% of patients for HIV, 9.8% of patients for HBV, and 9.7% of patients for HCV. Over the study period, the fraction of potential donors that underwent combined NAT and serology testing increased from 86% to 95%.
The average potential donor age was 51 years and they were more commonly male (59%), and were referred from all states and territories.
Approximately three in every four patients in this study proceeded to organ donation (Table 1). Of patients who did not proceed, IRBs or BBV exposure were more prevalent (IRB: Proceed 36.5% vs Did not proceed 40.4%, p 0.041, BBV: Proceed 3.6% vs Did not proceed: 13.8%, p < 0.001).
TABLE 1 | Characteristics of Potential Organ Donors who have undertaken testing for blood borne viruses.
[image: Table 1]The majority of patients who failed to proceed to donation were being considered for donation via the donation-after-circulatory-death pathway (74%). Death not occurring within the time period required for successful donation and transplantation has previously been shown to be a common reason for failure of donation to proceed in these patients (22).
In the study cohort of 3,650 patients who had undergone pathology testing 99.5% of potential donors who had BBV testing had at least one BRAQ administered (see diagram 1). In some cases, more than one questionnaire was administered.
Blood-Borne Virus Exposure Prevalence
Nearly ten percent of potential donors who commenced workup for organ donation had evidence of exposure to a BBV. Exposure to HBV was the most prevalent (5.85%), followed by HCV (4.98%), then HIV (0.16%).
In total, 106 (3.24%) potential donors had active infection with a BBV.
A sizable proportion of patients with a BBV exposure were co-infected. Of the 214 patients with either active or inactive HBV, 50 (23%) had HCV co-exposure. Two patients had exposure to all three viruses.
The majority of HBV infections were inactive with active infection occurring in less than 1% of potential donors. There was serological evidence of previous vaccination in 30% of potential donors.
Prevalence of IVRBs
During the study period 4,009 BRAQs were administered to the families and associates of 3,633 potential organ donors.
Over one third of potential donors who commenced workup for organ donation had a history of engaging in one or more IRBs (Table 1).
The most commonly identified IRBs were having a sexual relationship with an IRB partner (35%), followed by a history of being in detention in a lockup, jail, prison, or a juvenile correctional facility (9%) (Table 1).
Potential donors with IRBs were a median of 13 years younger than those without IRBs, were more likely to be male (68%), and more likely to have evidence of BBV exposure and less likely to proceed to donation (Table 2).
TABLE 2 | Comparison of patient with and without increased risk behaviours (n = 3,663).
[image: Table 2]Increased-Viral Risk Behaviours Associated With Blood-Borne Virus Exposure
Only six potential donors with HIV were referred during the study period (Table 1). None of the IRBs were associated with a significantly increased prevalence of HIV over the study period.
While inactive HBV was shown to have a higher prevalence in both PWID and persons who engaged in sex work, only injecting drug use was associated with a higher prevalence of active HBV (PWID 4.81% vs non-PWID 0.67%, OR 7.56, p < 0.001).
Several IRBs were associated with exposure to HCV (Table 3). These included being a PWID, being in detention, sex work, being a MSM or having a sexual partner of any of the preceding groups.
TABLE 3 | Frequency of blood-borne viruses in potential donors with increased risk behaviours.
[image: Table 3]A history of a sexually transmitted infection such as syphilis, gonorrhoea or herpes was not associated with an increased prevalence of HIV, HBV or HCV (Figure 2, Supplementary Table S8).
[image: Figure 2]FIGURE 2 | Association between increased risk behaviours and bloodborne virus exposure 7. PWID = Person who injects drugs. MSM = Men who have sex with men. STI = Sexually transmitted infection. IRB = Increased risk behaviour. BBV = blood-borne virus (HIV, HCV or HBV).
“Any IRB” was associated with an increased prevalence of HCV (OR 12.7) but not HIV or HBV in potential organ donors (Table 4).
TABLE 4 | Predictive performance of increased risk behaviours.
[image: Table 4]In this study, “Any IRB” had only modest sensitivity and positive predictive power. One in every five potential donors with a BBV did not have any IRB identified by the BRAQ. Furthermore only 1 in every 8 patients identified as being IVRD had evidence of exposure to a BBV.
DISCUSSION
This is the first study to describe the prevalence of BBVs and IRBs amongst a national cohort of persons who have commenced workup for deceased organ donation within Australia.
The study has shown that potential organ donors in Australia have a higher prevalence of HCV, but similar rates of HIV and HBV when compared to the general population (18, 19).
Whilst a reported history of any IRB was common and associated with exposure to HCV, it was not associated with exposure to HBV or HIV.
Blood-Borne Virus Exposure Prevalence
The significantly higher prevalence of HCV exposure seen in this study, when compared with the broader Australian population, is likely to derive from the over-representation of risk behaviour within the organ donor pool (4.9% vs 2.3%, p < 0.001).
Our study demonstrated that 5.2% of potential donors had a history of IDU, in contrast to 1.5% in the broader Australian population (23). IDU is the primary risk factor for HCV infection. The prevalence of HCV in PWID in Australia has been estimated to be 49% (18).
Our findings are consistent with this pattern of illness burden, with 62% of HCV exposed potential organ donors having a history of IDU and a 59% prevalence of HCV exposure in PWID.
Compared with international potential organ donor populations, Australia has similar rates of HCV when compared to US and Canada (4.98% vs 5.14% & 10.34%) and generally similar rates of HIV (0.16%) compared to with United States, Canada and the United Kingdom (0.21%, 0.00% and 0.06%) (24–26).
In contrast, our study showed higher rates of HBV when compared to potential organ donor cohorts in other nations (24–26). This is likely due to the higher overall prevalence of HBV within Australia, when compared to the UK and the US (27) (HBcAb Prevalence: 6.9%, vs 3.8% and 5.4%) (27, 28). Our reported prevalence of both active and inactive HBV in potential organ donors were similar to those published in a previous Australian national serosurvey (active HBV 0.9% and inactive HBV 4.95% in our study, versus HbsAg 0.8% and HBcAb 6.9% overall in Australia) (28).
Ninety-four percent of organ donors in Australia are adults, and newly acquired HBV infection in adulthood is uncommon. In Australia the majority of HBV infections are acquired during childhood, and occur most commonly in migrants from nations with higher endemicity (18). The attributable burden of disease associated with IRBs is thought to be only modest (PWID making up 5.7% and MSM making up 4.5% of those with HBV in Australia) (18). It is therefore unsurprising that the majority of in-active HBV infections in our study, occurred in individuals with no history of IRBs, and the ability of IRBs to predict acute HBV was poor.
IRB Prevalence
Overall, IRBs appeared more common than previous estimates (3). However, direct comparisons with other studies are difficult due to variations in recency of exposure criteria required in differing international jurisdictions.
Our study reported that potential donors with IRBs were significantly younger than those without, and this finding is consistent with other studies of IVRDs and is an important fact as transplanted organs from younger donors have superior outcomes (8).
Our study showed an association between the presence of IRBs and a lower likelihood of progression to donation surgery. Future studies should better define the relationship between IVRD designation and organ utilisation in Australia.
Virus Prevalence in IRB Cohorts
Overall, the prevalence of BBV exposures were similar to those reported in community-based cohorts who seemingly engage in the same IRBs (Supplementary Tables S9–S11). We differ in reporting lower rates of HCV in those with increased risk sexual partners (OR 0.47, p = 0.01), and those with a history of detention (OR 0.39, p < 0.001), and lower rates of active HBV in those with a history of detention (OR 0.3, p = 0.03) (see Supplementary Material for full analysis).
We report a strikingly high incidence of inactive HBV in potential donors who have had sex in exchange for money or drugs, when compared with HBcAB prevalence in community cohorts of predominantly commercial sex workers (7) (OR 16, p < 0.001). However in our series, sex work was not associated with active HBV. It may be that potential organ donors with these reported IRBs may represent a more culturally diverse cohort, a cohort with a higher number of migrant workers (29), or a higher proportion of sex-workers from the unregulated sector-any of which may be less represented in community cohort studies.
Exploration of the exact reasons for these differences in prevalence is beyond the scope of this study, but the finding provides a cautionary note when inferring risks of disease transmission from community-based cohorts.
Our study did not demonstrate an association between sexually transmitted infections and an increased prevalence of any of the BBVs. It is noteworthy that U.S. Department of Health and Human Services has recently removed this risk behaviour from their assessment of BBV transmission risk in organ donors (30). Our study would support a similar removal of this risk criteria within the Australian context.
Implications
In this study, the presence of one or more IRBs was predictive of a higher prevalence of HCV, but not of HBV or HIV in potential organ donors. In an attempt to improve sensitivity, authorities have recently introduced a new, locally modified, IRB questionnaire, which has undergone cognitive evaluation overseas (31).
For HCV, where IRB screening is predictive, the clinical ramifications of unexpected donor-derived HCV infection are rapidly diminishing. Direct acting antivirals are well tolerated and successfully cure HCV in solid organ transplant recipients (32–35). The majority of patients with HBV or HIV did not have elicited IRBs.
This leads one to question the value of existing IRB screening. Routine donor NAT screening has shortened the diagnostic window considerably, and none of the IRBs sufficiently predict window period infection because it is uncommon even for the highest risk IRB [Death with a history of IVDU: Risk of undetected infection estimated as ∼1:50,000 for HIV, ∼1:2000 for HBsAg, ∼1:450 for HCV (7)].
If there is jurisdictional agreement to routinely use IVRD donors with negative NAT BBV tests, the more logical approach seems to be undertaking NAT in all recipients so that in the uncommon event of donor derived BBV infection it is detected and able to be treated before there are clinical ramifications. This approach has recently been adopted in the United States (30). The acceptability of such an approach within the broader Australian transplant community remains unknown.
Our study shows the prevalence of BBVs for some IVRD cohorts may be significantly different from previous estimations (7). It may not be appropriate to extrapolate prevalence rates from other cohorts to Australian donors, and inferences of residual risk may be affected. Further studies are required.
Limitations
Given the rarity of window-period unexpected disease transmission from IVRDs and the overall small number of donors within Australia, it was not practical to design an appropriately powered study to assess the predictive power of IRBs on actual unexpected transmissions. Instead, a surrogate measure, the ability to predict established infection was used. It is possible, although though we feel unlikely, that IRBs may better predict very recent infection over established infection.
We adopted a conservative definition of exposure, and this may lead to overestimation of the prevalence of BBV in potential organ donors.
Several IRBs were rarely reported, and HIV had low prevalence. The study was, therefore, underpowered to reveal a significantly increased viral prevalence in sex-workers or in children of IRB mothers, and was underpowered to identify individual IRBs associated with HIV infection. Despite this, the study did demonstrate statistically significant correlation between sex work and exposure to HBV, and was adequately powered to detect higher prevalence of HIV in the composite IVRD cohort (OR 10 threshold).
Our study examined IRBs during a finite period of time preceding commencement of workup for organ donation rather than a history of having ever undertaken IRBs, and this may have affected the concordance with population studies. Additionally, in 2019 the TSANZ revised IRB exposure windows from “the last 12 months” to “the last 10 weeks”. This will in effect reduce the fraction of potential donors classified at IVRD (1). It is therefore likely that our study would have a higher rate of IVRD designation compared to a future case series.
Whilst not consistent with national guidelines, some potential organ donors are rejected prior to commencement of formal donation workup, either through self-censoring by the referring clinician, or based on cursory assessment by a donation service. The later having previously been documented within the local context (14). This may reduce the assessed predictive power or IRBs. Conversely, our findings of viral prevalence in potential donors are more likely to be more indicative, when compared to series where individual who do not procede to donation are excluded (36).
Caution should be applied when extrapolating our findings to other jurisdictions or differing populations. Our study examined non-self-reported behaviours, in a potential organ donor cohort in Australia. These behaviours may have differing predictive performance when self-reported (e.g., blood donors) or in settings with higher community prevalence, or in countries where the BBV burden is distributed differently according to specific IRBs.
Conclusion
This study demonstrated that Australian potential organ donors had significantly higher rates of HCV and similar rates of HBV and HIV when compared to the broader population. Currently utilised risk behaviour assessment questionnaires were only moderately predictive of exposure or active infection with a blood borne virus. The utility of behavioural questionnaires in stratifying the risk of unexpected disease transmission may not provide the reassurance clinicians are seeking. Eliciting IRBs may be a redundant practice if organs from NAT negative IVRDs are routinely utilised and early BBV screening is performed in all recipients.
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