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A retrospective analysis of false-positive infectious screening
results in blood donors
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Murphy?:2, and Evan M. Bloch?3
1School of Public Health, University of California at Berkeley, Berkeley, California

2Blood Systems Research Institute, San Francisco, California

SUniversity of California at San Francisco, San Francisco, California

Abstract

BACKGROUND—False-positive infectious transfusion screening results remain a challenge with
continued loss of both donors and blood products. We sought to identify associations between
donor demographic characteristics (age, race, sex, education, first-time donor status) and testing
false positive for viruses during routine blood donation screening. In addition the study assessed
the prevalence of high-risk behaviors in false-positive donors.

STUDY DESIGN AND METHODS—BIood Systems, Inc. donors with allogeneic donations
between January 1, 2011, and December 31, 2012, were compared in a case-control study. Those
with a false-positive donation for one of four viruses (human immunodeficiency virus [HIV],
human T-lymphotropic virus [HTLV], hepatitis B virus [HBV], and hepatitis C virus [HCV]) were
included as cases. Those with negative test results were controls. For a subset of cases, infectious
risk factors were evaluated.

RESULTS—BIack race and Hispanic ethnicity were associated with HCV and HTLV false-
positive results. Male sex and lower education were associated with HCV false positivity, and age
25 to 44 was associated with HTLV false positivity. First-time donors were more likely to be HCV
false positive although less likely to be HBV and HTLV false positive. No significant associations
between donor demographics and HIV false positivity were observed. A questionnaire for false-
positive donors showed low levels of high-risk behaviors.

CONCLUSION—Demographic associations with HCV and HTLV false-positive results overlap
with those of true infection. While true infection is unlikely given current testing algorithms and
risk factor evaluation, the findings suggest nonrandom association. Further investigation into
biologic mechanisms is warranted.

Consequent to advances in donor selection and infectious disease testing, blood transfusion
in the United States is remarkably safe. The use of US Food and Drug Administration
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(FDA)-licensed screening assays with reported sensitivities approaching 100%, robust
confirmatory testing, and established testing algorithms to optimize probability of detection
has rendered transfusion-transmitted infectious disease a relatively rare occurrence. Indeed,
the estimated residual risk of transfusion-transmitted hepatitis B virus (HBV), hepatitis C
virus (HCV), human immunodeficiency virus (HIV), and human T-lymphotropic virus
(HTLV-I/11) is conservatively less than 1 in every 1 million units transfused.2

However, false-positive test results remain a challenge. Unlike false-negative test results,
false-positive results do not pose an immediate risk to recipient health; however, they are
still problematic. From 1995 to mid-2008, approximately 64,000 allogeneic donors at the
American Red Cross (ARC) were deferred based on HTLV false-positive enzyme
immunoassay results, representing 130,000 US donors.3 Similarly, among first-time ARC
donors who donated whole blood between 1995 and 2002, approximately 13,000, 57,000,
and 20,000 donors were deferred for unconfirmed reactive results on HBV, HCV, or HIV,
respectively.# Total donor deferral attributed to false-positive test results, irrespective of first-
time donor status or allogeneic blood donation type, is conceivably higher.

False-positive test results have significant implications for donors and blood centers.
Foremost, despite recognition that the results likely represent laboratory or random error,
donors may be permanently deferred from future donation. In the case of HIV, HCV, and
hepatitis B surface antigen (HBsAg) deferral is implemented with immediate effect. Those
with a false-positive HTLV or hepatitis B core result are allowed a second opportunity to
donate; their blood products from the first donation are discarded nonetheless. Even when
reinstatement—a cumbersome and highly regulated process that requires interval repeat
testing—is possible, this often leaves donors anxious and confused, dissuading future
donation attempts.>6 From a blood center perspective, false-positive donations also
represent a financial burden, whereby costs generated both prior to obtaining the test result
(i.e., blood collection and processing) as well those following (i.e., blood disposal, donor
notification, and management) cannot be recovered.” Beyond the financial burden, deferral
of false-positive donors impacts the blood supply, particularly where rare donors are
concerned.

Although a previous study did identify certain demographic groups that had an increased
prevalence of unconfirmed, repeat-reactive (false-positive) results,8 recent data on the factors
associated with false-positive results for HIV, HTLV, HBV, and HCV in blood donors are
lacking. We therefore sought to determine associations between donor characteristics and
false-positive results from infectious marker screening. A secondary objective of our study
was to estimate the prevalence of high-risk behaviors in false-positive donors. Identifying
patterns in behavior may allude to a previously established cause for false-positive test
results given a hypothesis that high-risk behavior is independently linked to false-positive
results.

Transfusion. Author manuscript; available in PMC 2017 February 01.
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MATERIALS AND METHODS

Study design

An analysis was conducted of all allogeneic donations that were collected at Blood Systems,
Inc. (BSI) centers between January 1, 2011, and December 31, 2012. The donations were
identified using BSI’s data warehouse. Donations that fulfilled study eligibility were
included in a case-control study to evaluate the association between demographic
characteristics and false positivity for HTLV, HIV, HBV, and/or HCV. The following
donation types were included in the study: plateletpheresis, concurrent platelet and plasma,
plasma by apheresis, double red blood cells (RBCs), concurrent RBCs and plasma, and
whole blood donations. Cases and controls were selected based on final nucleic acid testing
(NAT) and serologic test results for each of the four viruses. All testing was performed at
Creative Testing Solutions. For cases in our study, a false-positive donation was defined as a
donation that tested repeat reactive during initial serologic screening but the result was not
confirmed during confirmatory testing (Fig. 1, simplified algorithm); all cases were NAT
negative for HIV, HBV, and HCV. Although rare, donors who tested false positive for more
than one virus were excluded. Individuals whose donations were seronegative for antibody
screening for all infectious markers (HTLV, HIV, HBV, and HCV) and nonreactive for NAT,
when applicable (i.e., HIV, HBV, and HCV), were selected as controls. Only donors who
tested negative over the course of all their donations in this time period were included. All
autologous, directed, and therapeutic donations were also excluded from the analysis, as
were donations from donors under the age of 18. The data were analyzed in aggregate and
were devoid of personal identifiers; therefore, the study was considered exempt from human
subjects research approval under section 46.101(b) of 45 CFR 46.

We leveraged the separate donor risk factor study to further evaluate risk factors for false-
positive test results beyond basic demographics. Detailed methods are described elsewhere.®
In brief, all donors who were repeat reactive (either confirmed positive or unconfirmed) at
BSI, ARC, and New York Blood Center were asked to complete a questionnaire pertaining
to sociobehavioral risk factors (e.g., sexual history, drug and needle use, and medical
history) that might have contributed to their testing positive. Our study evaluated BSI donors
exclusively, of whom 42% of unconfirmed (false-positive) donors responded during the 2-
year study period and were included in the analysis. Therefore, the study population of our
behavioral analysis represents a subset of the same donor population used for our study of
demographic risk factors.

Statistical analysis

Donors were included only once in our donor-based analysis. Data cleaning and analysis
was performed using computer software (SAS 9.3, SAS Institute, Inc., Cary, NC; and
STATA 12, StataCorp, College Station, TX). Age was calculated at time of index donation
for cases and at the midpoint of the study period for controls since controls did not have
index donations. Education was classified by the highest degree earned. In cases where the
database contained contradictory information on race, race information from the most recent
donation was used. Logistic regression modeling was used to analyze the relationship
between demographic characteristics and the likelihood of testing false positive for the four
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specific infections. Explanatory variables included age, sex, race, education, country of
birth, and first-time donation status. Both bivariable and multivariable analyses were
performed, with significance defined as a p value of less than or equal to 0.05. Due to small
numbers of persons in some combinations of age, sex, and race categories only a descriptive
analysis of the risk factor questionnaire data was performed.

Study population

A total of 1,881,738 eligible donations were collected between January 1, 2011, and
December 31, 2012 at BSI centers. A total of 1441 false-positive donors were included in
our study as cases (Table 1), for which 627 risk factor questionnaires were available. The
majority of donors were white; Hispanic donors represented the largest minority group.
Mean age was approximately 40 years in both donor groups, and males and females were
similarly represented. First-time donors represented approximately 30% of donors in the
true-negative and false-positive groups. Of the 813,550 donors who donated, 801,034 donors
contributed donations that were negative for the four infectious markers. Complete
demographic information was available for 748,134 donors, and after excluding donors who
were under 18, a total 657,803 true-negative donors were included as controls in our study.

Demographic associations with false positivity

All false-positive donors—In both bivariable and multivariable analyses, sex, first-time
donor status, and education were not significantly associated with false-positive results; in
contrast, age and race/ethnicity were strongly associated with this outcome (Table 2).
Specifically, in multivariable analysis, ages 25-34 (odds ratio [OR], 1.22; 95% confidence
interval [CI], 1.03-1.44; p = 0.020), black race (OR, 1.73; 95% CI, 1.38-2.17; p < 0.0001),
and Hispanic ethnicity (OR, 1.42; 95% ClI, 1.25-1.62; p < 0.0001) were significantly
associated with a false-positive result.

HBV—In both bivariable and multivariable regression, HBV false positivity was negatively
associated with first-time donor status and education less than high school completion
(Tables 3 and 4). In the multivariable analysis, first-time donor status (OR, 0.67; 95% ClI,
0.50-0.89; p = 0.005), an education level of less than high school completion (OR, 0.51;
95% ClI, 0.30-0.86; p = 0.017), and education equivalent to high school graduate (OR, 0.77;
95% ClI, 0.60-1.00; p = 0.050) appeared to be “protective” against testing false positive for
HBV. By comparison, age and race/ethnicity were not significant predictors of our outcome
in either bivariable or multivariable analyses.

HCV—AII demographic characteristics, with the exception of age, were significantly
associated with HCV false-positive results in both bivariable and multivariable analyses
(Tables 3 and 4). After all covariates were adjusted for, females had decreased odds of
testing false positive (OR, 0.64; 95% CI, 0.52-0.78; p < 0.0001) while first-time donor
status (OR, 1.70; 95% CI, 1.38-2.08; p < 0.0001), black (OR, 3.06; 95% Cl, 2.21-4.22; p <
0.0001), and Hispanic (OR, 1.51; 95% ClI, 1.19-1.92; p = 0.001) race/ethnicity had highly
significant associations with false positivity. Donors with an education of less than high
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school education (OR, 1.33; 95% CI, 1.03-1.71; p = 0.026) also had higher odds of false-
positive results.

HTLV—In both bivariable and multivariable regressions, HTLV false positivity was
positively associated with age and race/ethnicity and negatively associated with first time-
donor status (Tables 3 and 4). After all other variables were adjusted for, black (OR, 1.83;
95% Cl, 1.25-2.67; p = 0.002) and Hispanic (OR, 1.63; 95% Cl, 1.32-2.01; p < 0.0001)
race/ethnicity and being ages 25 to 34 (OR, 1.66; 95% CI, 1.25-2.22; p = 0.001) and 35 to
44 (OR, 1.58; 95% CI, 1.17-2.13; p = 0.003) were associated with an increased odds of
testing false positive for HTLV; in contrast, first-time donor status was protective against
testing false-positive for HTLV (OR, 0.71; 95% Cl, 0.57-0.88; p = 0.002).

HIV—HIV false positivity was not significantly associated with any of the variables in either
bivariable or multivariable analyses (Tables 3 and 4).

Risk factor questionnaire

The results of the risk factor questionnaire are summarized in Table 5. Among all false-
positive donors, approximately 76% reported being monogamous in the past year. Sex with
high-risk partners was rare, with less than 1% reporting ever having had a sex partner with
HIV or a partner who engaged in men who have sex with men and approximately 2%
reported ever having had a sexual partner with hepatitis. A reported history of medical
procedures, such as transfusion and transplantation, was low (8 and 2%, respectively), and
that of needle-stick injury was similarly uncommon (4%). Although a history of STDs ever
and in the past year was slightly higher among HTLV false-positive donors (17.80 and
14.82%, respectively) compared to other groups (which ranged from 8% to 9% and 0% to
9%), significant variation was not observed across the four false-positive donor groups. In
general, false-positive donors were not engaging in high-risk behaviors.

DISCUSSION

In our study, we sought to evaluate the demographic characteristics of blood donors in
relation to false-positive test results for HIV, HTLV, HBV, and HCV that arose during donor
screening. Surprisingly, donors of black or Hispanic race/ethnicity were significantly
associated with false positivity for HCV and HTLV. Male sex and lower education were
associated with HCV false positivity and age 25 to 44 was associated with HTLV false
positivity. While first-time donor status was more likely to be associated with HCV false-
positive results, it was less likely to be associated with HBV and HTLV false-positive
results. In the subset of false-positive subjects who completed the risk factor interview,
reported behavioral risk factors frequencies were low.

There are multiple hypotheses as to why false-positive test results occur. Foremost, false-
positive results are attributed to nonspecific antibody reactivity, which appears to be
associated with heightened immune responses.10 There are a diverse array of medical events
or conditions that have been associated with false-positive results.1112 These include but are
not limited to recent vaccination (e.g., influenza or hepatitis), viral infection, autoimmune
disease, liver disease (e.g., cirrhosis), hyper-gammaglobulinemia, and multiple pregnancies.

Transfusion. Author manuscript; available in PMC 2017 February 01.
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Nonspecific polyreactive antibodies (predominantly IgM) are normally present in plasma
and are thought to contribute to false-positive results as a result of binding (albeit weakly)
with a variety of different, and structurally unrelated, foreign antigens.1314 In addition, some
heterophile antibodies, which are produced in response to external antigens, have been
shown to cross-react with self-antigens and bind indiscriminately to a number of different
epitopes.15:16

False-positive test results are also assay dependent. For example, when repeat-reactive
samples are tested with a different, secondary immunoassay (sequential immunoassay
testing) before undergoing confirmatory testing, concordant false-positive results are less
likely to occur, thus reducing reliance on confirmatory testing.1’ In one study, Sharma and
coworkers18 observed increased nonspecific test results for HBsAg kits after changes in
assays, kit manufacturers, and even within-assay lot numbers as well, thus contributing to
donor deferral.

False-positive results have also been associated with distinct demographic groups. Ownby
and colleagues® identified certain demographic groups with an increased prevalence of false-
positive and indeterminate results for HIV, HTLV, HBV, and HCV. Specifically, HIV and
HTLV false-positive results were significantly more prevalent among female donors, and
HIV, HCV, and HBsAg false-positive results were more prevalent among nonwhite (black,
Hispanic) donors. Furthermore, false-positive test results were comparatively more frequent
in first-time than in repeat donors for all four viruses. The investigators postulated that there
may be sex-, race-, or age-linked proteins that cross-react with testing materials. An older
study of Swiss donors found that high proportions of sera, regardless of HIV status, had
antibodies that react weakly with HTLV-I, indicating that these antibodies may be induced
by immunologically similar compounds, in this case prevalent in the Swiss population.1®
Thus, it is conceivable that our results may be attributable both to the combination of assays
used for blood screening and to the distinct characteristics of the donor population. However,
it is unclear whether the observed cross-reactivity is attributable to inherent, biologic
differences among blood donors or to external, social factors associated with race or first-
time donor status.

Given that the observed risk for HTLV and HCV false positivity is similar to that of
demographic predictors of true infection,2%:21 this may prompt concern that some false-
positive test results represent low-grade or occult infections. However, in light of current
testing algorithms that include parallel serologic and NAT for HIV, HBV, and HCV coupled
with robust confirmatory testing, this is unlikely. Moreover, the results of the risk factor
questionnaire, although representing only a subset of the total number of false-positive
donors, showed low rates of high-risk behavior. Specifically, injection drug use—the leading
risk factor for HCV infection—was rare in HCV false-positive donors and risk factors for
true HTLV infection such as history of needle-stick exposures, transfusion, or unsafe sexual
practices (e.g., multiple sexual partners) were similarly rare in HTLV false-positive donors.

Other findings also detract from a biologic mechanism of false positivity in our study
population. For example, we observed a varied association between first-time donor status, a
well-established risk factor for true infection (HBV, HCV, HIV, and HTLV)® and false
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positivity. It follows that repeat donor status should have a lower risk whereby those who are
truly infected should be “culled” from the donor pool given deferral at first presentation.
However and in contrast, mixed associations were noted in our study depending on the
infectious marker. Specifically, first-time donor status was positively associated with HCV
false positivity and negatively associated with both HBV and HTLV false positivity and had
no association with HIV. The absence of a pattern with respect to the direction of association
across the markers is more in keeping with random rather than true association.

Similarly, no associations were observed between false positivity and date of collection,
geography, and blood type (data not shown). One might postulate that seasonality could
affect the incidence of false-positive test results given, for example, the timing of viral
infections (e.g., colds and influenza with collection in the winter months) or hypersensitivity
(e.g., seasonal allergies and collection in spring or summer); however, this was not shown in
our study. Although only 1 year of data (2012) was used in a subanalysis, donations were
fairly consistent throughout the year (7%-9% of the annual donations were collected in any
given month). Although the collective incidence of false-positive test results was slightly
higher in September and October (10%-12%), there was marked variation for the individual
markers and seasonality was not shown to be significant. Likewise, false positivity was not
associated with place of donation (a total of 12 states were represented in the study) or blood

type.

Nonetheless, although there is insufficient evidence to support the hypothesis that the
observed false-positive results represent true positives, there is still some evidence that
suggests nonrandom association, particularly for HTLV and HCV. This warrants further
study: longitudinal follow-up and interval repeat sampling of false-positive donors would be
useful to show whether donors are persistently false positive or alternatively whether they do
indeed demonstrate evidence of true infection. One possibility is that the observed results
represent resolved or aborted infection. Furthermore, investigation into associations between
demographic characteristics and false positivity by assay would be useful to ascertain
whether race, age, sex, and first-time donor status associations remain. An improved
understanding of this phenomenon could conceivably inform future development of assays.

We acknowledge that there are limitations to our study. Only blood donations from BSI were
included in the study. Given nuanced differences in testing laboratories, reagents, and testing
algorithms, our findings may limit generalizability to other settings. However, blood
collected at BSI is tested using the same assays as the majority of blood centers in the
United States, detracting from this being a significant limitation. Second, for the purpose of
our analysis, only donations with false-positive test results for one infectious marker and
negative for the remaining three were included. Donations with multiple false-positive
results, although rare, were excluded, as were donations with a combination of negative,
false-positive, and true-positive test results for the four infectious markers. Future studies on
donors with false-positive results on multiple infections or combinations of true positive and
false positive may be insightful. Finally, lack of data on behavioral risk factors of true-
negative donors (the control group) limits the analysis beyond a basic description of false-
positive donors. Poor response rates on select questions may also introduce bias, especially
for questions with significant missing data. Despite these limitations, our study provides a
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large, comprehensive analysis of all HTLV, HIV, HBV, and HCV false-positive donations
within BSI between 2011 and 2012. Had there been no significant findings, it would suggest
that false positivity is a random event in which case false-positive donors are fundamentally
the same as true-negative donors. Instead, our findings suggest a nonrandom mechanism that
affects donors differently based on their demographic characteristics.

Voluntary blood donors remain a low-risk population in which true infection of HTLV, HIV,
HCV, and HBV is rare. Although the absolute rates of false-positive results remain low,
approximately one million units of blood are donated at BSI centers alone each year;
therefore an appreciable number of donations are still discarded due to false-positive test
results. When real infection is rare, this can exceed the humber of donations lost due to true-
positive test results. Limited evidence suggests that some false-positive viral infection test
results are not completely random. This merits further evaluation given the adverse effect on
donors and the blood supply. Furthermore, special attention should also be considered in the
counseling of first-time and minority donors who receive false-positive test results,
ultimately with the goal of mitigating the long-term impact of these results on donors and
donation centers alike.
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on implicated donor sample

Fig. 1.
Infectious disease screening algorithm. *Multiplex NAT in the United States is performed in

pools of 16 donor samples. NAT is conducted in parallel with serologic screening, thus
assuring high sensitivity and specificity; it also enables capture of viremic donations in the
preseroconversion “window” period. Note: NAT not available for HTLV-1/I1 transfusion
testing.
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