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Prospective investigation of transfusion transmitted
infection in recipients of over 20 000 units of blood
Fiona A M Regan, Patricia Hewitt, John A J Barbara, Marcela Contreras on behalf of the current
TTI Study Group

Abstract
Objectives To follow up recipients of 20 000 units of
blood to identify any transmissions of infections
through blood transfusion.
Design Follow up study of recipients of transfusion.
Setting 22 hospitals in north London.
Participant Adult patients who had recently been
transfused.
Main outcome measures Patients had further blood
samples taken at 9 months that were tested for
markers of hepatitis B and C and HIV and human T
cell leukaemia/lymphoma virus type I or II (HTLV)
infections. Recent infections were distinguished from
pre-existing infections by comparison with blood
samples taken before transfusion.
Results 9220 patients were recruited, and 5579
recipients of 21 923 units of blood were followed up.
No transfusion transmitted infections were identified.
The incidence of transfusion transmitted infections
was 0 in 21 043 units (95% confidence interval for risk
0 to 1 in 5706 recipients) for hepatitis B; 0 in 21 800
units (0 to 1 in 5911 recipients) for hepatitis C; 0 in
21 923 units (0 to 1 in 5944 recipients) for HIV; and 0
in 21 902 units (0 to 1 in 5939 recipients) for human
T cell leukaemia/lymphoma virus. Three patients
acquired hepatitis B during or after hospital
admission but not through transfusion; 176 (3%) had
pre-existing hepatitis B infection. Sixteen (0.29%)
patients had hepatitis C, and five (0.09%) had human
T cell leukaemia/lymphoma virus.
Conclusions The current risk of transfusion
transmitted infections in the United Kingdom is very
small, though hospital acquired infections may arise
from sources other than transfusion. A considerable
proportion of patients have pre-existing infections.

Introduction
In recent years there has been increased public
concern about the safety of blood transfusion with
respect to transfusion transmitted infections. HIV-1,
HIV-2, hepatitis B, hepatitis C, and human T cell
leukaemia/lymphoma virus are transmissible by trans-
fusion and are associated with important clinical
disease. Every effort is made to minimise the risk of
disease transmission, and in the United Kingdom
blood is collected from voluntary, unpaid donors after

careful questioning and selection. All donations are
screened for hepatitis B surface antigen and antibodies
to HIV-1 and HIV-2, hepatitis C virus, and syphilis with
assays of steadily increasing sensitivity. A theoretical
possibility of transmission remains if the donor is in
the “window period” of an infection (that is, infectious
but has not developed detectable markers of infection)
or if the donor is a “low level carrier,” in whom the level
of markers of chronic infection is below the sensitivity
of currently used assays (for example, for hepatitis B
surface antigen). In addition, rare strain variants of a
virus may not be detectable by certain routine tests,
and possibilities of technical or clerical errors in
screening or quarantining blood components remain,
although these are increasingly rare as automation and
computerised information transfer improves.

Previously, estimates of the incidence of transfusion
transmitted infection have relied on reported cases of
infection, but these are often asymptomatic and even
when obvious are underreported. A study in the United
Kingdom before screening for anti-hepatitis C virus
showed that the incidence of post-transfusion non-A,
non-B hepatitis was 0.26%.1 A study in the United States
between 1985 and 1988 showed that transmission of
HIV (and human T cell leukaemia/lymphoma virus)
was possible from donations which had been screened
for anti-HIV.2 There have been no corresponding UK
data for transmission of infections, which is needed so
that informed decisions regarding transfusion practice
can be made by clinicians and patients. This will be par-
ticularly relevant if informed consent for transfusion is
ever introduced in the United Kingdom.

This prospective study aimed to estimate directly the
incidence of transfusion transmitted infections: hepatitis
B and C and HIV, for which donated blood is tested, and
also human T cell leukaemia/lymphoma virus, for
which blood is not currently tested in the United
Kingdom. At the start of the study in 1991 we planned to
study recipients of 20 000 units of blood; this was based
on estimates of the residual risks of infections at that
time. Current estimates of risk in the United States3 and
the United Kingdom (Barbara J and Soldan K, personal
communication, 1999), based on the incidence, preva-
lence, and window periods of infections in donors, indi-
cate lower risks of infection, so that a prospective study
following a large enough number of recipients to define
precisely the risk of infections would not be feasible. Fol-
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low up of recipients of even 20 000 units of blood, how-
ever, would provide direct evidence of the level of safety,
within defined limits, in the absence of screening for
antibodies to hepatitis B core antigen and anti-human T
cell leukaemia/lymphoma virus.

Methods
Participants and samples
Patients were recruited shortly after being transfused
and were followed up nine months after transfusion.
From 1 August to 31 May we recruited patients from
22 hospitals in the North West Thames area, after hos-
pital ethical committee approval was obtained. Patients
were eligible for enrolment if they had recently had a
red cell transfusion and a serum sample was available
from before transfusion, they were able to understand
what was being asked, they were over 18 years old (for
consent to testing), and their life expectancy was at
least nine months. Immunosuppressed patients were
excluded as were patients with pre-existing hepatitis B
virus, hepatitis C virus, HIV, or human T cell
leukaemia/lymphoma virus infection.

Initially, a team member explained the study and
the tests entailed. Participation was voluntary, and
patients were free to withdraw at any time. Written
consent was obtained, and a pretransfusion serum
sample was stored frozen at −20°C. The identity of the
red cells transfused was documented. The study
assessed the infectious risk only of red cells, though we
also estimated the numbers of other blood compo-
nents (fresh frozen plasma, platelets, cryoprecipitate)
transfused, by extrapolation from known data for 100
patients from each of four hospitals.

Nine months after transfusion each patient was
counselled, and, from those still willing to participate,

we obtained written consent for testing and a 20 ml
sample of blood. Serum was separated within 12 hours
and stored at −20°C. To complete the study on time the
last 940 patients were followed up at six rather than
nine months after transfusion as tests with enhanced
sensitivity became available.4

Microbiological testing
Post-transfusion samples were tested in duplicate
within a week of collection by using assays approved
nationally for blood donation screening (table 1). Sam-
ples were also tested for anti-hepatitis B core antigen
(Wellcozyme) and by gel particle agglutination (GPA)
for anti-human T cell leukaemia/lymphoma virus
(Fuji). Repeatedly reactive samples underwent con-
firmatory testing (fig 1). If the results were positive the
pretransfusion sample was tested for pre-existing
infection. In the absence of pre-existing infection or if
a pretransfusion sample was not available, a further
sample was taken to exclude identification errors, then
donors of all transfused components were tested to
identify a potential source of infection. Furthermore,
“window period” transmission was excluded by testing
a sample taken from the donor at least six months later
(table 2). If none of the tested donors yielded positive

results, transfusion was excluded as a source of
infection and the patient was questioned about other
risk factors for infection. Patients were informed confi-
dentially of test results.

When we calculated the risk of infection transmit-
ted by transfusion, units received by patients with pre-
existing infections were discounted.

Results
We recruited 9220 patients (fig 2). Of these, 3641
(39.4%) were withdrawn before follow up, either
because they died (657), they were untraceable (250),
or were too ill to participate (2734). We successfully fol-
lowed up 5579 (60.5%; 3000 women and 2579 men).
The mean (range) age was 67 (16-96) years, and in total
they received 21 923 units of red cells (mean (range)
3.9 (1 to 98) units per patient). This represented about
10% of blood issued to participating hospitals during
the period. This low proportion reflects the strict
exclusion criteria for patients, particularly a life expect-
ancy less than nine months. The mean (range) interval
between transfusion and follow up sample was 10.7
(range 6-50) months.

If positive,
pretransfusion
sample tested

If repeat reactive,
confirmatory

testing
If positive but no
pretransfusion

sample available

Initial screening
tests

Positive =
pre-existing infection

•  Doners tested to exclude as source

Negative

•  Patient questioned for other
   risk factors for infection

Fig 1 Testing of patients’ samples nine months after transfusion

Table 1 Testing of each patient’s sample nine months after transfusion

Initial tests Confirmatory tests*

Hepatitis B virus

Hepatitis B surface antigen (EIA) Hepatitis B surface antigen (EIA, neutralising)

Anti-hepatitis B core (EIA) Anti-hepatitis B core (RIA*)

Anti-hepatitis B surface (RIA*)

Hepatitis C virus

Anti-hepatitis C virus (EIA) Anti-hepatitis C virus (EIA)

Anti-hepatitis C virus RIBA-3

HIV

Anti-HIV 1 and 2 (EIA) Anti-HIV (EIA, GPA, western blot)

Human T cell leukaemia/lymphoma virus

Anti-HTLV (GPA) Anti-HTLV (EIA, GPA, western blot)

*Performed at reference laboratory (department of virology, Royal Free and University College Medical
School) according to standard protocols in use at time.

Table 2 Testing of sample from donor at least six months after possible transmission
of infection

Tests on donor’s
subsequent donation Interpretation of result

No of
donors

Hepatitis B virus

Anti-hepatitis B core
(Abbott IMx)

If negative, donor excluded as source of infection 230

If positive, sample tested for virus DNA by polymerase chain
reaction and for anti-hepatitis B surface (as negative for DNA
virus and positive for anti-hepatitis B surface this was donor
excluded)

1

Hepatitis C virus

Anti-hepatitis C virus
(EIA-Pasteur)

If negative, donor excluded 36
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We did not identify any transfusion transmitted
infections. We calculated the risk of transmission
through blood as 0 in 21 043 units of red cells for
hepatitis B virus (95% confidence interval of risk 0 to 1
in 5706 recipients); 0 in 21 800 units for hepatitis C
virus (0 to 1 in 5911 recipients); 0 in 21 923 units for
HIV (0 to 1 in 5944 recipients); and 0 in 21 902 units
for human T cell leukaemia/lymphoma virus (0 to 1 in
5939 recipients). Although the results are based on the
number of red cells received, we estimated that patients
would also have received fresh frozen plasma from
1630 donors, platelets from 3819 donors, and cryopre-
cipitate from 279 donors. This constitutes an
additional 5728 donation exposures. An overall dona-
tion exposure of 27 000 represents about 26 000 indi-
vidual donors (Gay N, personal communication, 1998).

Samples from three patients whose pretransfusion
samples had yielded negative results showed markers
of hepatitis B virus infection, indicating acquisition
during or after admission to hospital (table 3). None of
the relevant donors showed evidence of hepatitis B
virus, and we could not identify any risk factors in
patients other than their hospital treatment. Many
patients had pre-existing infections, of which they were
usually unaware (fig 2).

Discussion
The study population represented most of those
patients from general medical and most surgical special-
ties who had received a transfusion and were not
confused. For patients who died during the study, death
due to infection with hepatitis C virus, HIV, or human T
cell leukaemia/lymphoma virus would be unlikely
within the follow up period, and hepatitis B virus infec-
tion would probably have been reported to us.

No transmitted infections were found after transfu-
sion of 21 923 units of red cells, and inclusion of expo-
sures to other components resulted in an even smaller
calculated risk of infection. Before this study, UK

estimates of transfusion transmitted hepatitis B and C
virus were 1 in 20 000 and 1 in 13 000 units,5

respectively, compared with 1 in 200 000 and 1 in 3300
in the United States.6 Recent UK estimates suggest the
risk for hepatitis B virus is 1 in 50 000 to 170 000; for
hepatitis C virus is < 1 in 200 000; and for HIV is < 1
in 2 million units (Barbara J and Soldan K, personal
communication,1999). Current US estimates are 1 in
63 000, 1 in 103 000, and 1 in 493 000, respectively.3 In
Canada, there was no transmission of hepatitis B virus
to 4588 patients and four to six transmissions of hepa-
titis C virus per 10 000 units transfused at introduction
of “first generation” screening for antibodies to hepati-
tis C virus.7

This study provides direct data on the lack of trans-
fusion transmission of HIV, hepatitis B and C virus, and
human T cell leukaemia/lymphoma virus in the
United Kingdom. Elsewhere, donations are tested for
antibodies to hepatitis B core antigen,8 which can
detect infectious donors undetectable by tests for
hepatitis B surface antigen.9 In the United States,
testing for antibody to hepatitis B core antigen may
prevent 33% to 50% of cases of hepatitis B potentially
transmissible from donors who test negative for hepa-
titis B surface antigen.10 In the United Kingdom, the
potential benefits of routine testing for antibodies to
hepatitis B core antigen are considered not to
outweigh the disadvantages (such as uncertainties in
confirmation of infection and wastage of falsely
positive units11).

The United States introduced HIV p24 antigen
testing to reduce the HIV “window period” amid con-
cerns that donors might seek a superior test of HIV
status, unavailable outside blood centres.12 The gain,
however, is far less than projected (Holland P, personal
communication, 1997). Before anti-human T cell
leukaemia/lymphoma virus testing of donors in the
United States, risk of transmission was 1 in 4192 units
transfused.2 Donated blood in the United Kingdom is
not currently tested for human T cell leukaemia/
lymphoma virus. The prevalence of human T cell
leukaemia/lymphoma virus among donors in north

No of transfusion
transmitted infections

 0

No of pre-exisiting
infections

No of infections
acquired at or since
hospital admission

but not through
transfusion

No withdrawn
 3641

No tested
 5579

No recruited
 9220

Hepatitis B = 176 (3%)
Hepatitis C = 16 (0.3%)
HIV = 0 (0%)
HTLV = 5 (0.1%) Hepatitis B = 3

Fig 2 Outcome for patients recruited into study

Table 3 Patients with markers of hepatitis B infection present
only in post-transfusion samples

Post-transfusion* markers Patient 1 Patient 2 Patient 3

Anti-B core + + +

Surface antigen − − +

Anti-B surface (mIU/ml) 250 120 −

*Pre-transfusion samples were negative for all markers of hepatitis B virus.
+ = positive.
− = negative.

Table 4 Details of actual assays used

Initial tests Manufacturer of initial test Manufacturer of confirmatory tests*

Hepatitis B virus

B surface antigen (EIA) Bioelisa (Launch) (March 91-June 93)
Organon Hepanostika (June 93-June
94) Murex (June 94-Dec 96)

Pasteur, GEIS

Anti-B core (EIA) Wellcozyme Wellcozyme, Abbott IMx

Anti-B surface — Wellcozyme, Abbott IMx

Hepatitis C virus

Anti-C (EIA) Ortho II (Sept 91-May 93) Murex (May
93-June 93) Ortho III (June 93-Aug
93) Murex (Aug 93-Aug 95) Pasteur
(Aug 95-Dec 96)

—

Anti-C virus (EIA) — Ortho, Sanofi

Anti-C virus RIBA-3 — Chiron

HIV

Anti-HIV 1+2 (EIA) Wellcozyme —

Anti-HIV — Immunometric, GPA, western blot

Human T cell leukaemia/lymphoma virus

Anti-HTLV (GPA) Fuji —

Anti-HTLV — Select antiglobulin

*Performed at reference laboratory (Department of Virology, Royal Free and University College Medical
School).
EIA=enzyme linked immunoassay.
GPA=gel particle agglutination assay.
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London was 1 in 19 34413 but in Leeds was < 1 in
80 000.14 Our finding of no transmissions from 21 000
units transfused was therefore not unexpected.

Three patients had markers for hepatitis B virus at
follow up but their pretransfusion samples yielded
negative results. If we can assume that the samples were
correctly identified, the patients must have acquired the
virus between transfusion and follow up as donors of
all components transfused were excluded and all three
recipients identified no other risk for hepatitis B virus.
These patients probably acquired the virus during their
stay in hospital but not through transfusion of the units
recorded in the hospital records. Giving the wrong
blood to patients is a known hazard of transfusion15;
this cannot be excluded, although it is unlikely.
Transmission of hepatitis B virus16 17 and hepatitis C
virus18 to patients from healthcare workers and other
patients19 has been reported; transmission through
contaminated equipment could also occur. The
patients underwent surgery in different hospitals and
no sources of infection were identified. Two patients
underwent gastrointestinal surgery and the third had
coronary artery bypass graft surgery.

In conclusion, patients and clinicians can now
make decisions about transfusions on the basis of the
study finding that directly assessed current risks of
known transfusion transmitted infections in the United
Kingdom are very small, though the possibility of new
or unrecognised agents always remains. Hospital
acquired infections are more likely to arise from
sources other than transfusion as transmission by this
route has become so rare. Clinicians must remain alert
for infections after transfusion but should also consider
routes of such infections other than transfusion.
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What is already known on this topic

Every effort is made to minimise the risk of
transfusion transmitted infection, but a theoretical
possibility of transmission remains

Previously, estimates of the frequency of
transfusion transmitted infection have relied on
reported cases of infection, but these are often
underreported

What this paper adds

This prospective study directly estimated the
incidence of transfusion transmitted
infections—hepatitis B and C and HIV—for which
donated blood is tested, and also human T cell
leukaemia/lymphoma virus, for which blood is not
currently tested in the United Kingdom

Direct data are provided on the safety of the blood
supply with regard to these infections and indicate
the minimum level of safety of transfusion in the
United Kingdom

Hospital acquired infections are more likely to
arise from sources other than transfusion, as
transmission by this route has become so rare
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