-blood-collections, while the other was a plateletpheresié

froman O-donor. Donorand donation characteristics were

similar among the TMA-positive and -negative donations

{p > 0.05 forall variables, Fisher's exacttest). In a multivari-

_-able model adjusted for age, donors with residence in the

San Juan metropolitan area ‘Were dpproximately three
times more likely than donors residing outside of the
metropolitan area to be TMA-positive (adjusted odds ratio,

.3 0 95% confidence interval, 0.9-10.1).

bt

The five blood donations that had the kughest S/CO
ratios on initial TMA testing were the only specimens to be
TMA-reactive at a dilution of 1:16 (Table 2). Four of these

DENGUE IN BLOOD DONATIONS

five specimens were positive by RT-PCR and had quanti-

- fiable viral loads ranging from 2 x 10° to 8 x 107 vira] RNA -

copies per mL. Three were identified as DENV-2 and the
other as DENV-3. DENV was cultured from three of the
four specimens, two by mosquito inoculation and one in
cell culture. DENV-2 and DENV-3 were the predominant
serotypes in circulation in Puerto Rico in 2005,
Serologic testing of the 12 TMA-positive blood dona-
- tions revealed that only 1 was IgM-positive and 9 were
1gG-positive by ELISA (Table 2). The lack of IgG antibody
_titers in Specimens 1, 4, and 8 indicates no previous
" dengue infections in these patients. The presence of IgG
antihodies in the absence of IgM anti-

bodies could reflect evidence of previ-

tionship is the same for DENV TMA

TABLE 2. Results of supplementary testmlof T™A IR spec:mens {n=12)
TMAiest Gen Probe (S/CO ra’do)“ : Supplementary testmg CDC dengue branch -
. - - * Number viral Mosquito
. Specumera- I_nrtia! test . Semnd test 1416 PCRT RNA/mL - lgME gG Cell cuiture ~  inoculation
1 31.96 28. 99 27.73 D2 71410 . 0.228. - Negative Negative B2
- 30.31 3128 28.78 b3 812x 107 0.337 1:10,240 Negafive B3 -
3 2922 . 27.86. 2712 . D2 774x40°-  0.409 1:163840- D2 - Negative
4 2047 2484 . 2282 D2 20%10° 0229 . Negative .  Negative Negative
5 23.89 20.59 8.54 . Negative Undetected 0.469 1:2,560 Negative Negative
6 21.22 5.28 ‘0.21 Negative Undetected 8.870  .i:160 Negative Negative
7 1778 . . 2310 0.15 Negative Undetected 0.409 1:655,360 Negative Negative .
8 17417 1844 .08 Negative Undetected 0.198 Negative Negative Negative
9 17.24 21.05. 0.33 Negative Undetected 1.540 1:163,840 Negative’ Negative
10 '5.97 773 0.15°  Negative Undetected 0,440  1:855,360 Negative Negative
o - 4,08 415 © 013 .MNegative ° Undetected  0.368 1:10,240 Negative Negative
12 1.53 556 " 060  Negative . - Undetected.  0.270 1:2,560 Negative Negative
* S/CO.= 1 considered to ba reactive, '
1' D2 = DENV-2, D3 = DENV-3, .
* 3 »2.000 ¢onsidered positiva,
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TABLE 1. Characteristics of all and TMA-positive blood donors in ous infections in Specimens 2, 3, 5, 7, 9,
Puerto Rico, September 20 to December 5, 2005* 10, 11, and 12, and IgG titers equal or
: All donors TMA-positive greater than 1:163,840 in Specimens 3,7,
Charactenstic (n=16,521) donors (M=12) | g angd 10 indicate a recent or curzent
:,,g;é(yaars) 10,22375;2 gﬁg)s ) as.g g_%e.s) _secdndary infection in those patients.3
- Donation status ' The presence of IgG in the sole donor
: Firstime donor 5,056 (30.8) 504 - with IgM antibodies (Specimen 6) could
: Hel;?(f: itf ?gggrence 11,465 (69.4) 78 similarly " be reflective of recent or
* San Juan Matropolnan Area 6,631 (40.1) 8 (67) current infection.
-East - - . 5182(314) 3 (25) Other than the 12 TMA- -positive
Pr::;ttomy procedure - : v 4'7(-’6'(23'5) 148) specimens, there were an addmonai
‘Whele blood | 15,838 (95.9) 11 {82} three IR specimens with S/CO ratids on- _
Plale:etpgeresich oreie. - Big ggg; (1) Egg‘- initial testing0f 1.00,1.03, and 11.58and
gl:;%;tphgg :heresisp . sres 7 (0:0) 0 {0) on repeat testing of 0.92, 0.40, and 0.07,
|+ Leukdpheresis 1 (0.0} 0{0) - respectively. All were negative on PCR,
. Danation type ., IgM MAC-BLISA, and virus recovery.
: .‘S'i%éf:;!c 16’432 Egi‘?) 120(2(?,0) They were, however; positive ‘on IgG
" Autologous 54 (0.3) 0 (0) ELISA. In the WNV TMA assay, an S/CO -
: Region-of donation site- . S ratio of greater than or equal to 17 has
. g:;lt.]uan Metropolitan Ared . g'g% g;:; & Egg a pos'iti\{e predictive value for con-
“Wast 3,667 (22.2) 0 {0y firmation of 95 percent (ARC data,
* Data are reported as medlan (range) or number {%). unpublished); it is likely thiat this rela- .

~
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Nine of the 12 repeat-reactive samples had S/CO values in

-one or both tests of 17 or greater.

DISCUSSION

This study, and a similar one recently conducted using

donations in Honduras, Brazil, and Australia,” are the first-

to document the presence of dengue viral nucleic acid in

. blood donations. In Puerto Rico, nearly 1 in.1000 dona-

tions was positive for the presence of dengue viral nucleic
acid by TMA. Furthermore, live virus was recovered fiom
three of the 12 TMA-positive donations, indicating that at
least these 3 were capable of transmitting infection to
recipients, The prevalence of dengue viral nucleic acid i

~ blood denations in this study was similar to that estimated

for WNV in the areas experiencing outbreaks in the conti-
nental United States in 2002% before universal screening
using minipool NAT was implemented in July 2003.2

" Assuming an annual prevalence rate of 0.73 per 1000 (&s-
- found in this study) and that each donation is made into a

mean of 1.45 transfusable c:o:npm:ienf_:s,‘?G there'may be as
many as 56 potentially viremic donations and 81 compo-

nents generated from the approximately 77,000 blood "

donations coliected annually by the ARC in Puerto Rico.

Dengue incidence is highly seasonal and varies consider-

ably from year to year,”® however, so the prevalence of
potentially viremic donors could be considerably higher
or lower than this figure at any given time. Furthermore,
the three IR specimens lacking reproducible results in
repeat, TMA testing may have been true-positive speci-

-~ mens but with lower viral loads. If the case, this would

undérestimate the true prevalence of TMA positivity.

The unlinked study design did not permit contact
with the recipients of the TMA-positive donations ‘to
assess whether transmission occurred, Neveitheless. virus

. was cultured from three donations and the viral loads of
. the four, BT-PCR~positive donations indicate.that their
- transfusion would have resulted in inocula orders of mag- -

nitude greater than the amount of virus secreted: in the

. saliva of Aedes mosquitoes, documented to be as low as

107 viral particles per secretion.® The RT-PCR assay used
in this study had lower sensitivity than the TMA assay, and

" itwas not possible to assess the viral Igad of the RT-PCR~ .
‘negative specimens.

Our results indicate the feamblhty of NA'I' as a sereen-

. +ing strategy for DENV, as has been. successfully used for
- WNV. Of concern, we found that simulated minipool NAT

(dilution 1:16) would not have detected the majority (7 of

12, or 58%) of the TMA-positive specimens; however, the
-experience with WNV suggests that not all of these dona-
tions may be infectious. Approximately 30 percent of WNV

NAT-positive donations have viral.loads below the limits
of detection by minipool NAT and can only be detected by

. - screening of individual donations.®# Although WNV has
. beén transmitted from transfusions detectable only by
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183

individual unit screening and with an estimated level of
viremia as low as 0.06 plaque-forming units (PFUs) per mL
(1 PFU is approximately 400 viral copies),** most dona-
tions only detectable by individual unit screening had IgM
and [gG antibodies and were likely not infectious given the
fact that nearly all WNV transfusion transmissions have
occurred from antibody-negative donations, 242 Unfor-
tunately, this same marker of infectivity is not applicable
to dengue because of the high prevalence of preexisting,
cross-reactive dengue antibodies in the population and
the complex and variable serologic response after second-
ary dengue infection. >4

The global incidence of dengue has risen more than
30-fold in the past 50 years. In dreas where dengue is
endemic, however, transfusion transmission of the agent
is rarely investigated for many reéasons, including the fact
that this mode of transmission is difficult to prove against
a background of endemic dengue. In such cases, the dis-
tinction between a recipient infection via raosquito-borne -
transmission as opposed to transfusion transmission
may be-too complex to distinguish. Furthermore, many
dengue-endemic countries lack hemovigilance systems -
with sufficient resources to investigate casés of recipient
inféction that are potentially related to trdnsfision .of
blood components. . Finally, sophisticated Iaboratory
testing may not be.readily available in mény; dengue-
endemic countries and such testing is required to distin-
‘guish ‘dengue from other arboviral infections as well
as distinguishing current dengue mfe.cuon from prior
infections.

In contrast, when WNV entered the United States, it
was against a background of a naive population. This per-
mitted the laborafory linkage - of multiple’ transfusion.
recipients with WNV infection to a single infected donot
within several clusters of WNV cases. Infecuous virus
and/oz viral RNA could also be recovered from retrieved
cocomponent plasma units; in these cases, WNV was
readily identified in the absence of competing arboviral

. . infections. The transmissibility of WNV via blood transfu-

sion has been established, and our findings docundenting
the presence of DENV BNA in the Puerto. Rican blood
supply, at a level comparable to that which triggered
screening of the US blood supply for WNV in 2003, high-
light the risks to transfusion safety posed by emerging

. diseases such as the vector-bome flaviviruses, Further

evaluation is required to assess the risk of dengue trans-
mission by TMA-positive donations and the cost and
benefit of rouitine dengue screening in endemic regions.
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Alexandra Low-Baselli, Ph.D., Nina Vartian, Ph.D., Roman Bobrovsky, Ph.D.,
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ABSTRACT

BACKGROUND

Widespread infections of avian species with avian influenza HSN1 virus and its
limited spread to humans suggest that the virus has the potential to cause a human
influenza pandemic, An urgent need exists for an H5N1 vaccine that is effective
against divergent strains of HSN1 virus. - ) -

METHODS

In a randomized, dose-escalation, phase 1 and 2 study mvolvmg six subgroups, we
investigated the safety of an HSN1 whole-virus vaccine produced on Vero cell cul-
tures and determined its ability to indiice antibodies capable of neutralizing various
HSN1 strains. In two visits 21 days apart, 275 volutiteers between the ages of 18 and
45 years received two doses of vaccine that each contamed 3.75 pg, 7.5 ug, 15 f12:4
or 30 ug of hemagglutinin antigen with alum adjuvant or 7.5 pg or 15 pg of hemag—

glutinin zntigen without adjuvant. Serologic analysis was performed at baseline and .

on days 21 and 42,

RESULTS

The vaccine induced 2 neutralizing immune response not only against the clade 1
(A/Vietnam/{1203{2004) virus strain bat also against the clade 2 and 3 strains. The
* use of adjuvants did not improve the antibody response. Maximum responses to the
vaccine strain were obtained with formulations containing 7.5 ug and 15 ug of

" hemagglutinin antigen without adjuvant. Mild pain at the injection site (in 9 t0 27% .

of stbjects) and headache (in 6 to 31% of subjects) were the most common adverse
events identified for all vaccine formulations.

CONCLUSIONS _
A two-dose vaccine regimen of either 7.5 pgor 15 ug of hemagglu_tiniri antigen

withour adjuvant induced neutralizing antibodies against diverse HSN1 virus strains

in a high percentage of subjects, suggesting that this may be 2 useful H5N1 vaccine.
(ClinicalTrials.gov number, NCT00349141)
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" HE EMERGENCE OF A NEW HUMAN IN-
fluenza pandemic caused by an avian virus

. strain is possible. Vaccination against pan-
demic influenza is considered to be the most ef-
fective option to limit its spread. However, the
conventional approaches to the manufacture of in-
fluenza vaccines have a number of disadvantages

and raise concern about whether sufficient quan- -

tities of an effective vaccine can be made avail-
able early enough at the onset of a pandemic to
have a major effect on public health. In addition,
clinical studies of conventional splitvaccine for-
mulations without adjuvant have shown poor im-
mupogenicity.2® It has been suggested that whole-
virus vaccines have the potential to be more
immunogenic than split-virus or subunit vaccines
in previously unvaccinated populations.*S The first
clinical study of a whole-virus vaccine against
avian influenza H5N1 virus showed that a sub-
stantially reduced antigen dosage (10 ug) with an
alum formulation induced seroconversion in near-
Iy 100% of subjects.®

All these studies were carried out with vac-
cines manufactured by conventional methods
(i.e., with the use of embryonated chicken eggs
and medified, attenuated reassortant viruses pro-
duced by reverse genetics).” We have devised a
strategy for the development of an H5N1 vaccine
that involves the use of 2 wild-type virus (i.e,, the
strain circulating in nature) grown ina Vero cell
culture. This strategy has the advantage that the

‘lead time for pandemic vaccine production can

be reduced, since the generation of attenuated

‘reassortants is not required, although the require-

ment for the use of enhanced biosafety level 3
(BSL-3) facilities for such a strategy is a relative
drawback. In addition, cell culture provides a
robust manufacturing platform that eliminates
dependence on embryonated chicken eggs, which
would be an advantage in the event of limited
availability of such eggs during a pandemic
caused by a highly pathogenic avian virus. This
technique was used to develop a whole-virus vac-
cine that was highly immunogenic in animal

models.* We report on the safety and immuno- -

genicity of this vaccine, using formulations with
and without alum adjuvant.

METHQDS

STUD.Y DESIGN AND OBJECTIVE
From June 2006 through September 2006, we en-
rolled a total of 284 men and women between the

ages of 18 and 45 years in a randomized, partially
blinded {(between groups) clinical trial at thiee
sites: one in Austria and two in Singapore. The
study was designed by its sponsor, Baxter, Data
were collected by the investigators and were held
and analyzed by Baxter. The manuscript was
written by a subgroup of industry and academic
authors; all authors contributed to the content,
had full access to the data, and vouch for the
completeness and accuracy of the data and data
analysis,

The appropriate local review boards and ethics
committees approved the protocol for the study,
which was conducted in compliance with Good
Clinical Practice guidelines and the provisions of
the Declaration of Helsinki. The study investiga-
tors were unaware of assignments to study groups.
(For details of the study design, see the Supple-
mentary Appendix, available with the full text of
this article at www.nejm.org.)

The objective was to identify the immunoge-

- nicity and safety of various doses of inactivated

H5N1 whole-virus vaccine in formulations with
and without adjuvant. The primary immunoge-

nicity outcome was the number of subjects with

hemagglutination-inhibition and neutralizing anti-
bodies to the vaccine strain (AfVietnam/1203{2004)
21 days after the first and second dosés- of vac-
cine. The primary saféfy outcome was any sys-
temic reaction after the first and second doses.

VACCINE

The monovalent avian influenza HSN1 whole-
virus vaccine (Baxter) was grédliced with the wild-
type strain AfVietnam/[1203/2004, which was ob-
tained from the Centers for Disease Control and
Prevention and was inactivated with formalin and
‘ultraviolet light. The vaccine was manufactured
in Vero cell culture in an enhanced BSL-3 facility
(as required for wild-type H5N1 virus), as de-

. scribed previously.?

. RANDOMIZATION AND FOLLOW-UP

Subjects were eligible to participate if they were
clinically healthy, understood the study proce-
dures, provided written informed consent, and

. agreed to keep a daily record of symptoms. Wom-

en were required to have a negative pregnancy
‘test at screening and before each vaccination,
Subjects were recruited in three study cohorts
in a dose-esealating manner and were randomly
assigned to receive two 0.5-ml injections inte the

deltoid muscle at an interval of 21 days (range, .
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