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time of the last visit, death, seroconversion, or STATISTICAL ANALYSIS

receipt of an additional transfusion that was ei- The data were double-entered with the use of Epi
ther HHV-8—seropositive or had equivocal results Info software (version 6.04) and analyzed with
fmore than 2 months after transfusion). Transfu- the use of Stata software (version 8.0) and SAS
sions that were repeatedly HHV-8-seronegative software. The primary data analysis evaluated
were allowed throughout follow-up and did not whether the risk of HHV-8 seroconversion was

lead to censoring of data. higher among recipients of HHV-8~seropositive
blood than among those who received seronega-
LABORATORY PROCEDURES tive blood. To allow sufficient time for HHV-8

Specimens were transported daily from Mulago antibodies to develop in the event of an infection
Hospital to the Centers for Disease Control and and for any passive HHV-8 antibodies from the
Prevention {CDC) Iaboratory at the Uganda Virus donor to be cleared, seroconversion was defined
Research Institute in Entebbe. The recipient’s as two or more consecutive HHV-8—seropositive
pretransfusion plasma was tested for antibodies results obtained at least 25 days after transfusion.
against HIV, and reactivity was confirmed by poly- The date of seroconversion was defined as the
merase-chain-reaction assay for recipients who midpoint between the last seronegative and the
were 24 months of age or younger. first seropositive visit.

Testing for HHV-8 antibody was performed at For each recipient, we analyzed the variables
the CDC in Atlanta. Three serologic assays were of sex, number of children in the household, HIV
used: two peptide enzyme immunoassays based status, hemoglobin concentration, admission diag-
on epitopes in the open reading frames 65 and nosis, number of transfusions, volume and com-
K8.12228 and an immunofluorescence assay based ponent (whole blood, packed cells, or plasma) of
on lytic HHV-8 antigens.?® The immunofluores- blood transfused, and duration of blood storage,
cence assay was performed as described previ- according to the recipient’s exposure status and
ously,2* except that plasma was diluted to 1:40 for risk of seroconversion. Contimious variables with
screening and 1:80 for confirmation. Specimens a normal distribution were analyzed by Student’s
that showed reactivity int two or more tests {(with t-test, and those with a non-normal distribution
the immunofluorescence assays performed at two were analyzed by the Wilcoxon rank-sum test.
different dilutions counted as separate tests) were Categorical variables were analyzed by Fisher's
categorized as positive. Results were categorized exact test.
as equivocal when more than one of the individ- Using survival analysis, we compared the risk
ual assays showed equivocal reactivity or when of HHV-8 seroconversion over time in the exposed
the test results were conflicting or incomplete and unexposed groups. We calculated the excess
becanse of depletion of the specimen. For all re- risk of seroconversion as the difference between
cipients, the pretransfusion specimen and the the Kaplan—Meier survival functions for time to
linked specimen from the blood donor were tested  seroconversion in exposed and unexposed re-
for antibodies against HHV-8. For recipients who cipients, both for the full follow-up period and
were HHV-8—seronegative before transfusion, the for the 3-to-10-week period after transfusion that
last two follow-up specimens were tested, and if is most likely to be associated with transfusion-
either was positive, all follow-up specimens were transmitted infection. We used Greenwood’s for-
tested. The laboratory staff was unaware of the mula {SAS software) to calculate the variance of
recipient—donor linkages. the excess risk as the sum of the variance of the

_For the purpose of analysis, patients. who.had. Kaplan-Meierestimates.. Confidence-intervals- were————- - -~ —— - -

received a transfusion of any HHV-8-seropositive calculated by using a normal approximation. We
blood products were categorized as exposed, re- evaluated recipients’ age, the number of biood
gardless of the serologic status of additional units. units transfused, and the duration of blood stor-
Patients who had received transfusions of HHV-8— age for confounding and an interaction with ex
seronegative blood alone were categorized as posure status. All comparisons were two-sided,
unexposed. Patients who had received blood with and a P value of less than 0.05 was considered to
equivocal serologic status or a combination of indicate statistical significance.

seronegative blood and bleod with equivocal sero- The study was approved by the Uganda Na-
logic status were excluded from the analysis. tional Council for Science and Technology and
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the institutional review board of the CDC and the
Uganda Virus Research Institute. Written informed
consent was obtained from all adults and from
the parents of children less than 18 years ald.

RESULTS

STUDY POPULATION
A total of 6533 patients had pretransfusion spec-
imens and were evaluated for enrollment (Fig. 1).
Of these, 72.3% were not enrolled because they
did not receive a transfusion, were too ill, declined
participation, lived too far away, died, or were dis-
charged before enrollment. The remaining 1811
recipients were enrolled and followed for an aver-
age of 4.6 months. The seroprevalence of HHV-8
among the 1761 linked blood donations was 36.2%.
The seroprevalence of HHV-8 was 14.5% overall
among the enrolled patients before transfusion
and increased with age; the seroprevalence was
11.4% ameng those 2 years of age, 14.9% among
those 5 years of age, 21.2% among those 10 years
of age, 27.8% among those 20 years of age, and
32.4% among those 30 years of age or older,

Of the 1811 transfusion recipients who were
enrolled, 820 were excluded from seroconversion
analysis: 266 were seropositive for HHV-8 before
transfusion, 17 had equivocal serologic results
before transfusion, 101 had received blood from
unlinked donors, 362 had insufficient follow-up,
62 had an additional transfusion with a positive
or equivocal HHV-8 test result 8 days to 2 months
after the first transfusion, and 12 had other rea-
sons for exclusion (Fig. 1). The characteristics of
the 991 recipients included in the seroconversion
analysis are summarized in Table 1. The recipients
tended to be young (median age, 1.5 years; inter-
quartile range, 0.1 to 4.6}, and most had received
one transfusion (range, one ta eight). The majority
{79.2%) had received packed red cells, 14.6% had
received whole blood, 0.2% had received plasma,
and 6.0% had received units of undetermined

visits (range, 3 to 12) and was observed for 144
days (Table 1).

HHV-8 sEROCONVERSION

Of the 991 patients included in the analysis, 425
{42.9%) received HHV-8—seropositive units and
566 (57.1%;) received only HHV-8—seronegative
units. Forty-one recipients (4.1%) met the case def
inition for HHV-8 seroconversion. The excess risk

6533 Patients with pretransfusion
specimens

4722 Were not enrolled

J

1811 Transfusion recipients
enralied

266 Were classified as HHV-3—
seropositive before
transfusion

17 Had equivocal results

1528 Were classified as HHV-8~
seronegative before transfusion

101 Received transfusions

. from unlinked donors
| 12 Received transfusions
from donors with
equivacal HHV-8 results

i

1415 Had known exposure status

i 362 Hzd insufficient follow-up

1053 Had sufficient follow-up

62 Received additional trans-
fusion from doners with
positive or equivocal HHY-8
results <2 mo after trans.
fusion

991 Were analyzed for sero-
conversion

Figure 1. Envollment and Outtcomes.

____type. On the average, a recipient had 7 follow-up__of seroconversion_after_transfusion with HHV-8—

seropositive blood during the 24-week follow-up
period was 2.8% (Table 2), suggesting that an
estimated 12 of the 425 patients who received
HHV-8-seropositive blood were infected by trans-
fusion. The seroconversion risks for various peri-
ods after transfusion are presented in Table 2. At
week 3, there was no significant difference in
risk between exposed recipients and unexposed
recipients; however, by week 10, the excess risk of
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Table 1. ﬁharacta-isiics of the Study Patients According to Whether They Were Exposed to HHV-S—Seropositive Blood duﬁ.ng Transfusion.®
Exposed Unexposed
All Patients Patients Patients
Characteristic {N=981) {N=425) {N=565) Odds Ratiof P Value
Female sex~—no. {%6) 515 (52.0) ’ 234 (55.1) 281 (49.6) 1.24 0.09
Median age — yr L5 16 15 — 0.14
Age 22 yr — no. (%) 400 (40.4) 188 (44.2) 212 (37.5) 132 0.03
HIV-infected — no./total na. (%) 76/758 (10.0) 28/319 (8.8) 487439 (10.9) 0.78 0.33
Reazson for transfusion — no.ftotal no. (%)
Malaria 828/988 (83.8) 344/423 (81.3)  484/565 (85.7) 0.73 0.07
Obstetrical or gynecelogic 46/988 (4.7) 19/423 (4.5) 27/565 (4.8) 0.94 0.83
procedure
Sickle celt anernia 48/933 {4.9) 21423 (5.9) 274565 (4.3) 1.04 0.39
Hemorrhage 20/988 (2.0) 114423 (2.6) 9/565 (1.6) 1.65 0.27
. Cancer 47988 (0.4) 1/423 (0.2) 3/565 {0.5) 0.44 047
( - Unknown 42/988 (4.3) 277423 (6.4) 15/565 (2.7) 2.50 0.004
- Median duration of bleod 5.0 5.0 5.0 — . 0.73
storage — days
Median observation time — days 144 144 144 — 0.92
Mean no. of follow-up visits 73 7.1 73 — 0.17
Mean no. of transfusions per 13 14 12 — 0.001
recipient ' ' :

* Patients who had received a transfusion of any HHV-8—seropositive blood products were categorized as exposed,
regardiess of the serologic status of additional units. Patients who had received transfusions of HHV-8-seronegative blood alone were cate-
gorized as unexposed.

 Odds raties are for seroconversion in the exposed patients as compared with the unexposed patients.

Table 2. Kaplan—Meier Estimates of Cumulative Risk of HHV-8 Serocotiversion after B[';‘jod Transfusion.®

Patients with Excess Risk
Observation Period * Study Population Seroconversion Risk of Seroconversion {95% QN P Value
. Exposed  Unexposed  Exposed Unexposed Exposed  Unexposed
( Patients Patients Patients Patients Patients Patients
= number percent
Wk 1-3 425 566 4 7 09 1.2 —0.3 [~1.6to 1.0) 0.69
Wk 1-10 425 566 18 11 4.2 1.9 23 (D.1to4.6) 0.04
Wk 1-24 425 566 24 17 59 31 2.8 (0.1t05.5) <0.05
——— | WR3-10 421 558 14 4 34 o7 2708 to46)” ~— ~0.005
Blood storagef
=4 days 156 — 9 - 5.9 -7 7 42(01tod3) <0:05
>4 days 240 — 4 — 1.7 —

* Patients who had received a transfusion of any HHV-8—seropositive blood products were categorized as exposed, regardless of the serologic
status of additional units. Patients who had received transfusions of HHV-8—seronegative blood alone were categorized as unexposed.

T Confidence intervals {Cls} that do not cross zero indicate statistical significance, )

I For the analysis of the effect of the duration of blood storage, the total number of exposed recipients was reduced to 396, because recipi-
enis who had multiple storage records or conflicting or missing data were not included.
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Figure 2. Kaplan—Meiér Ah;lysis of tﬁé,Pe_(cel"ltage of Transfusion Recipi-
ents Who Remairied Seronegative for the Entire 6-Month Follow-up Period
{Panel A) and from Week 3 to 10 after Transfusion {Panel B), According to
Whether They Were Exposed to HHV- 8—Seronegatwe or HHV-8--Seroposi-
tive Blood. .

Patients who had réceived a transfusion of any HHV-8-seropositive blood
products were categorized as exposed, regardless of the serologic status
of additional units. Patients who had received transfusions of HHV-8-sero-
negative blood algne were categorized as unexposed During the entire
§-month follow-up period, there were 24 seroconversions among exposed
recipients, as compared with 17 among unexposed recipients (P<0.05)
_(Panel A). During the first 3.to 10 weeks after transfusian, there were 14.___
seroconversions among exposed recipients, as compared with 4 among
unexposed recipients {P=0.005) (Panel B).

ents with conversion and highlights the propor-
tionately greater number of seroconversions among
exposed recipients 3 to 10 weeks after transfusion.
Figure 3B shows the numbers of exposed and un-
exposed transfusion recipients according to age
group.

The relation between the duration of blood
storage and seroconversion was also evaluated for
the recipients of HHV-8—seropasitive blood. An
excess risk of 4.2% was observed among patients
who received blood stored for up to 4 days, as
compared with those who received blood stored
for more than 4 days (Table 2). The risk of sero-
conversion was not associated with the number
of HHV-8—seropositive units transfused, the vol-
ume of blood transfused, the type of blood com-
ponent, the sex or HIV status of the recipient, or the
number of children in the recipient’s household.

All 41 recipients with seroconversion had been
found to be seronegative for HHV-8 when exam-
ined on visits before seroconversion. Reversion
to seronegative status was not observed, although
one patient had equivocal reactivity at the last
follow-up visit after having had four visits with
seropositive results. Seroconversion did not occuz
in 12 patients who received seropositive units
from donations linked to persons with serocon-
version {split donations); however, on follow-up
visits, some of them had seroreactivity on one
test or were seropositive at one visit and there-
fore did not meet the criteria for seropositivity or
seroconversion.

DISCUSSION

We conducted a prospective cohort study assess-
ing the risk of transfusion-associated HHV-8
infection in a large population of linked blood
donors and transfusion recipients. Patients who
received HHV-8—seropositive blood were signif-
icantly more likely to become infected than were
recipients of seronegative blood. The increased

risk associated with receiving HHV-8-seroposi-

seroconversion for exposed recipients rose to 2.3%
(P=0.04). The excess risk among exposed recipi-
ents was 2.8% (P<0.05) through week 24 and 2.7%
for the period from week 3 to week 10 {(P=0.005)
(Table 2 and Fig. 2). Figure 3A shows the time to
seroconversion after transfusion for the 41 recipi-
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tive blood was most striking among recipients in
whom seroconversion occurred 3 to 10 weeks af
ter transfusion, an interval that is similar to the

timing of the immune response for other trans-

fusion-transmitted herpesviruses.?® The risk of
seroconversion was also higher among recipients
of seropositive units that had been stored with
shorter storage times than among recipients of
blood that had been stored for more than 4 days
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{excess risk, 4.2%}, as has been found with other
herpesviruses.?s Together, these results provide
compelling evidence of the transmission of HHV-8
by blood transfusion.

Previous stndies have not detected transfu-
sion-associzted HHV-8 infection,®8:26 probably
because of small samples, low seroprevalence of
HHV-8 in the donor pool, low?*?2% or intermit-
tent*® viremia among antibody-positive donors,
and deferral of donors at risk for infectious dis-
eases. The design and setting of our study — with
a large study population, high seroprevalence of
HHV-8 in the commuaity, short duration of blood
storage before transfusion, and absence of leu-
kocyte reduction — optintized our ability to de-
tect transfusion-associated transmission of HHV-8
even in the context of a high rate of incident infec-
tion, especially in our young study population,
who had early and relatively rapid acquisition of
HHV-8 {with a seroprevalence of 15% by the age
of 5 years).

To account for the fact that HHV-8 serclogic
assays are not standardjzed, we used stringent cri-
teria for seropositivity and seroconversion, which
provided greater specificity but probably lowered
our testing sensitivity and estimates of risk. In
this setting, we estimated that 2.8 infections oc-
carred for every 100 seronegative recipients of
HHV-8—seropasitive blood. A retrospective, cross-
sectional study of children with sickle cell dis-
ease in the same hospital?03! estimated a similar
risk of infection. The Nakaseto Blood Bank re-
leased 52,512 blood units for use in 2001. By ex-
trapolating the findings of our study (and adjust
ing the seroprevalence of HHV-8 in the patient
population to 21% according to age), we estimated
that these transfusions may have resulted in ap-
proximately 300 HHV-8 infections in 2001.

The policy implications of our findings war-
rant careful consideration. High-throughput se-
rologic assays suitable for blood-bank screening
do not yet exist for HHV 8 Nucleic acid testing

blood donors tested to date have had very low or
undetectable HHV-8 viral loads. Having enough
blood available for transfusion is an engoing pub-
lic health challenge throughout sub-Saharan Af
rica; availability would be jeopardized by efforts
to eliminate donations from HHV-8—positive do-
nors in high-prevalence areas. Further studies are
needed to determine whether leukocyte reduction,
longer storage time, or other techniques could re-
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Flgure 3. Seroconversuon among F Patlents Who Received HHV-8-Seronega-
tive Blood and Those Who Received HHV-8-Seropaositive Blood, Accarding
to the Interval between Transfision and Seraconversion (Panel A} and the
Recipient's Age (Pane[ B).

Patients who had re.cewe.d a transfusion of any HHV-8—seropasitive blood
products were categonzed & exposed, regardless of the serologic status
of additional units. Patients whe had received transfusions of HHV-8-sero-
negative blood alone were categorized as unexposed. In Panel A, from 3 to
10 weeks after transfusion, seroconversion was proportionately more com-
mion among exposed recipients than among unexposed recipients.

duce the risk of transmission of HHV-8. How-
ever, the cost and logistics of leukocyte reduction

Afncan countnes, and lenger storage tirmes mlght
increase the risk of bacterial infection and other
adverse events.3? o

The relevance of our findings with respect o
the U.5. blood supply may be different from that
in Uganda, since the seroprevalence of HHV-8
among blood donors in the United States is low
(3.5%}).5 Most blood products in the United States
are leukocyte reduced, bur the efficacy of this tech-
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nique for reducing the risk of HHV-8 infection

has not been evaluated. The risk of transfusion- reported.

associated Kaposi’s sarcoma would be highest
among HIV-infected and other immunocom-
promised recipients. Selective screening of bload
products for immunocompromised populations
may be warranted if this approach is found to be

effective,
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