gblEF206350.1) using ClustalW. The atignment of the preM
gene shared 99% nuclectide identity with the USUV Budapest
and Vienna sequences, whereas the NS5 gene sequences shared
100% nuclectide identity with USUV Vienna and 99% with USUV
Budapest.

Further specimens of serum (26 May and 13 October)
and plasma (19 October) before and after the acute phase of
meningoencephalitis were gnalysed to demonstrate the absence
of the virus, The two USUV-specific RT-PCRs performed on. these
three samples did riot detect any USUV RNA, These samples were
also analysed for WNV because a WNV outbreak. was ongoing in
the area at the time [9], and were negative.. '

Discussion

To our best knowledge this the first human disease with
neurological involvement caused by USUV. The detection of
USUV only in those samples collected during the acute phase
of clinical manifestation is clear evidence that the virus caused

& meningoencephalitis in the patient. Its capability of causing
fieurological lesions and death has already been reported in birds
of central Europe [10]: The presence of USUV in Emilia Romagna
has also been reported [4) and, in the past few months, the virus
was isolated from black birds found dead in Northern italy [G.
Savini, personal communication 22 October 2009, A surveillance
programme in sentinel chicken flocks to monitor the possible
appearance and/or circulation of WNV and other flaviviruses has
‘been in place for several years. In'the clinical case reported here,
the immunosuppressed status of the patient due to both the
underlying disease and the treatment, particutarly with rituximab,
may have played an important role in USUV infection and in its
pathogenicity. it is known that rituximab can reactivate hepatitis
‘B virus in patients with lethal fulminant hepatitis.

However, a possible unusual neuroinvasiveness and
neurovirutence of this particular USUV strain cannot be excluded.
The fact that neurological symptoms occurred prior to hospital
admission excludes the transfusion as a possible source of
infection. Conversely, since USUV as well as competent viral vectors
are circylating in the patient's area of residence (4), it is likely that
‘e infection was transmitted to the patient through mosguito bites.
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sumMMARY. The objective of this study was to assess
the ability of nanofiltration of albumin solution, pro-
thrombin complex (PTC) and factor IX (FIX) to remove
two small, non-enveloped DNA viruses, parvovirus B19
(B19V) and torque leno virus (TTV). Virus removal
was {avestigated with down-scale experiments per-
formed with sequential steps of 35-nm and [5-nm
nanofilations of products spiked with virus DNA-
positive sera. Viral loads were determined by real-time
PCRs. The 15-nm nanofiltration removed more than 4.0
B19V log from all the products, TTV was reduced of
more than 3.0 log from albumin solution and FIX by
35-nm and 15-nm nanofiltrations, respectively, being

viral DNA undetectable after these treatments. Traces
of TTV were still found in PTC afier the {5-nm
nancfiltration, In conclusion, nanofiltration can be cffica-
cious in removing small naked viruses but, since viruses
with similar features can differently respond to the treat-
ment, a careful monitoring of large-scale nanofiltration
should be performed.

Key waords: albumin solution, factor 1X, nanofiltration,
plasma-derived products, parvovirus B19. prothrombin
complex, - TTV,

INTRODUCTION

Plasma-derived proteins are important therapeutics for
many patients all over the world. In order to prevent the
contamination of these products by infectious agents,
special care is paid to avoid the collection of con-
taminated plasma units by donor selection and plasma
donations testing for markers of infections. In addi-
tion, robust and validated viral clearance steps using
inactivation and removal treatments are included in the
manufacturing process (The European Agency, 2001;
Burnouf & Radoscvich, 2003; World Health Organiza-
tion, 2004),

Nanofiltration is specifically designed to remove
viruses through a size exclusion mechanisnt. Several
studies, performed using plasma-borne and model
viruses, show that a nanofiltration typically allows up
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to four to six logs of virus removal, depending upon the
membrane used, under conditions that ensure good pro-
tein permeability and recovery (Troccoli er al., 1998;
Chandra er al., 2002). Nanofiltration should be partic-
wlarly useful in removing some viruses, such as the
small non-enveloped viruses like human parvovirus
BI9 (B19V) and torquc teno virus (TTV). Actually,
the two common viral plasma contaminants (Maggi
etal, 2003; Azzi et al, 2006) have shown to be
difficult to’inactivate/remove by conventional physico-
chemical treatiments (Omar & Keinpf, 2002; Yokoyama
et al., 2004; Kreil et af., 2006), even if recent findings
have pointed out a higher vulnerability of BI9V in
comparison to some animal parvovirus (Blumel et al.,
2002; Blumel ¢ al., 2008; Boschetti ef af., 2004; Mani
et al., 2007; Berting et al., 2008). :

In addition to BI9V, many TTV characteristics led
to concerns about the potential for its transmission
and pathogenicity in humans by contaminated plasma-
derived products and other biopharmaceutical agents.
TTV is the prototype of related yet clearly distinet
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viruses currently classified in the newly established
genus Anellovirus. The virus is characterized by scveral
well-known properties: (i) a particularly smali (about
3.7 kb) single-stranded circular DNA genome charac-
terized by an extremely high degree of genetic hetero-
geneily; (i) a remarkable ability to produce persistent
infections in the general population worldwide (about
90% of individuals carry TTV DNA in their blood),
with variably elevated levels of plasma viraemnia (from
107 to 10% DNA copies per ml); (iii) a general ubig-
uity in the body where it replicates very actively in
most tissues and organs (Maggi and Bendinclli, 2009;
Okamoto, 2009).

In this stwdy, we evaluate the efficacy of nanofil-
tration in removing BISV and TTV from three
plasma-derived products: albumin solution, prothrom-
bin complex (PTC) and factor [X (FIX).

MATERIALS AND METHODS

The three products used in this study were sampled
from their respective bulk solutions. Albumin bulk
salution was obtained from raw Fraction V after Cohn
fractionation of plasma; PTC bulk solution was puri-
fied from plasma cryo pool with a double anionic
exchange chromatography (Brummelhuis, 1980; Josic
et al, 2000); FIX bulk solution was purified from
plasma cryo pool in two chromatographic steps, an
anionic exchange followed by affinity chromatography
on Heparin Sepharose (Michalski er al., 1988). The
samples, previousty frozen, had different protein con-
centration, as reported in Table 1. Albumin solution
purity was 97% and in FIX the coagulation factor spe-
cific activity was 64.13 Ul/mg. In PTC, the FIX specific
activity was 3.48 Ul/mg, factor 11 (FII) specific activity
was 3.35 UVmg and factor X (FX) specific activity was
2.7 Ul/mg, :

Two hundred- ml of each product was thawed- in
a water bath at 37°C and homogenized by mechan-
ical stiring. Human scra containing known numbers
of viral genomes and kept as aliquots at ~80°C were
used as a sovrce of B19V or TTV as both viruses fail

to grow efficiently in tissue culture. For B19V, serum |

522, obtained from a viremic patient and stocked at
~80°C in small aliquots, which contained 1.0 x 10'2
genome copics/ml and no detectablc anti-B19V anti-
body, was uscd for all the spiking experiments at 1:100
dilution. For TTV, a positive serum, obtained from a
healthy donor after blood centrifugation, was used con-
taining 1.6 x 10 viral genomes per ml as determined
by real-time polymerase chain reaction (PCR). The two
sera were free of hepatitis B and C viruses and human
immunodeficiency virus (HIV), as determined by spe-
cific serological and molecular assays.

The high virus titer of the two scra allowed the usc of
the minimum percent spike compatible with reaching a
target reduction factor of 4, in order to minimize filters
fouling by impurities of the virus stock preparations
as well as the impact of the: serum proteins on the
composition of the examined bulk solutions.

Two hundred pl of each sera was spiked into each
product and homogenized for 1 h. Once the. 0.22 um
pre-filtration was done, cach solution was filtered in a
dead-end flow filiration mode through a 35-am Planova

filter (Asahi Chemical Industries, Japan) with an effec- - .

tive surface arca of 0.0l m?, followed by  IS-nm
Planova filter with the same surface area, at a con-
stant pressure of 0.5 bar. When the flow of filtered

matecial decreased below 0.4-0.5 mi/min, the pressure .

Was increased up to a maximuin of 0.8 bar. From the

‘starting products as well as after eacb filtration, sam-

ples were collected for protein titre and protein activity
(only for PTC and FIX) determination and for viral
quantitation,

Protein measurements were performed according to
Bradford (Bradford, 1976) with an ultraviolet/visible
(UV/VIS) Lambda 1A spectrophotometer (PerkinElmer,
MA, USA). FIX activity was estimated with a one-stage
coagulation assay on ACL 7000 (Instrumentation Labo-
ratory, Spain); FII and FX were still evaluated on ACL
7000 but with a chromogenic assay.

The presence and the loads of B19V DNA were
determined by a real time PCR (Real Quant B19 KIT,
GeneDia, Naples, Italy; Azzi ef al., 2006) with a detec-
tion limit of 100 DNA copies/inl of serum and range
of linearity 10%-107. TTV quantitation was performed

Table {. Volume and protein titre varations recorded dusing the overall filtration process

Sthﬂing valume (ml)

Post 0.22 pm {ml)

Post 35 nm (ml) Post 15 nm (ml)

Albumin 200 192 179 161
PTC 198 : 198 194 192
FIX 200 200 . 198 192
Starting protein titre (img/inl) Post 0.22 pym (mg/mi) Post 35 nm (mg/ml) Post 15 nm (mg/ml)
Albumin - 9139 87.56 88.43 85.47
PTC 1.207 1.194 RNV 0.757,
FIX 0.219 0.216 0213 0.172

© 2009 The Authiors
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by using a single step universal TaqMan real-time
PCR assay as described previously (Maggi ef al., 2001;
Maggi ef al., 2003). Its lower limit of detection was
1000 DNA copies/ml of serum. Each PCR run con-
tained several negative contro} (no template) as well as
the reference template (positive control) at 10!-107
DNA copies/10 i, Both controls and samples were
tested in triplicates. All samples positive in only one
replicate and/or with a coefficient of variation of 50%
or greater were re-extracted and tested again in trip-
licate. Since theoretically samples tested negative in
all PCR replicates couldn't be completely virus-free,
according to the sensitivity limit of the assays used
they were indicated as having less than 2.0 and 3.0 log
of B19V and TTV DNA, respectively.

All experiments (one for alburnin, onc for FIX, three
for PTC) were performed on different days under a
laminar flow hood equipped with UV light. Morcover,
all the necessary steps to avoid the risk of cairy-over
PCR contamination of samples were also taken.

The PTC solution after 15-nm filtration was treated
with DNase I (200U/ml, Roche, Mannhetm, Germany)
for 2 h (Azzi er al., 2006) and examined again for TTV
DNA levels.

RESULTS
Protein and activiry recovery

The volume and the protein titre measured at the end
of each filration step are shown in Table 1. A quite
marked volume foss (19.5%) was obscrved at the end
of the overall filtration process of the albumin solution
and was mainly due to an early stop of each filtration
in order to avoid foaming of the solution. The proteir
content decrease in the albumin solution was not sig-
nificant and the reduction of protein content (24,71%)
was mostly due to material loss.

Nanofileration of Plasma Products 215

Yolume loss of PTC and FIX was negligible (3~
4%). On the contrary, after 15-nm fiitration, the protein
content decrcase was 39.2% and 24.6% for PTC and
FIX, respectively. The decrease of PTC protein content
correlated with a marked loss of FIX (36,7%) and
FII (30.4%) activity, whereas the coagulation factor
activity was not so strongly modified by nanofiltration
of FIX {7.5% of loss). By nephelometric assay, it was
verified that at least high molecular weight protein C4
was present in FIX and was reduced after the 15-nm
filtration (56% reduction). Thus, the 15-nm filtration
of FIX seems to increase the purity of the active
substance.

Viral clearance

Post spiking, BL9V loads varied from 7.5 to 6.9
log copies/ml in different products (Table 2). The
pre-filtration step removed less than one log,; of BI19V
DNA from the spiked products. The first nanofiltration
step further reduced the viral load by 0.4 to 1.2 log,,
and after the 15-nm filtration, B19V DNA was unde-
tectable in all the products.

Post-spiking contaminating TTV varied from 5.0 to
6.3 log)q, copies/ml in the different products. The 0.22
pm filtration reduced 1.0 logyy of the starting TTV
levels from albumin solution, while no or very slight
reduction of TTV was observed from FIX and PTC,
The subsequent nanofiltration successfully contributed
to the removal of TTV. Albumin solution yielded no
detectable TTV already, after 35-nm filtration, whereas
a 15-nm filtration was required for FIX. Unexpectedly,
the residual TTV DNA (approximately 2.5% of the
post-spiking content) was still detectable in PTC after
the 15-nin filteation (Table 2). To shed light on the later
finding, two further experiments of PTC nanofiliration
were performed with conflicting results: in one exper-

iment, no TTV DNA was detectable, whereas, in the

Table 2. Removal of BI9V and TTV by scquential nanofiliration

BI9V and TTV DNA recovery™

Post-spiking viral load

(log,, DNA copies/ml)  Post 0.22 pm  Post 35 nm  Post [5 nm

Albumin

BI9V 6.9
TTY 6.3
PTC

Bi9V 75
TTV 5.0
FIX

BI9V 7.4
TV 6.1

6.5 33 <20
53 <3.0 <30
6.8 6.4 <2.0
49 4.7 34
73 6.6 <29
6.1 6.0 <30

*logre genome copies/ml recovered after each filtration step.

tDat from one experiment only are shown.

© 2009 The Authors.
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other, traces of viral DNA were still found after the
15-om fltration (data not shown).

TTV detection in the PTC solution after the 15-nm
filtration and DNase treatment revealed no variation of
virus loads, thus excluding the presence of naked DNA,

DISCUSSION

In our study, a blood-product with high protcin con-
centration, such as albumin solution, was successfully
nanofillered at 35-15 nm. Anyway, an accurate sel-
up of the process should minimize the material loss in
order to regard panofiltration as a further step of viral
removal in the albumin production. .

Nanofilration was successful for FIX, as the pro-
cess slightly increased its purity. Besides, Hoffer ef al.
(1995) already found that high molecular rhass impuri-
ties aré retained by nanofilter membranes, resulting in
increased FIX specific activity. .

On the contrary, in spitc of the fairly good fil-
terability of PTC, the protein recovery, after the
15-nm filtration, as well as the recovered FIX and
FII activities, was unsatisfactory. On the other hand,
as previously described (Josic et al., 2000), the high
molecular weight components of PTC could form
protein complexes with the coagulation factors, thus
hindering their filtration.

In regard to the nanofiliration ability in removing
infectious agents from the above blood products, the
behaviour of two small non-enveloped viruses, B19V
and TTV, was not completely identical. Although
mostly based on individual experiments, no detectable
B19V was found in the three products following 15-nm
nanofiltration, whereas TTV was totally cleared only
from the albumin solution and FIX by 35-nm and
15-nm nanofiltrations, respectively. Interestingly; low
levels of TTV DNA (less than 3000 copics per ml)
were still present-in PTC after the [5-nm nanofiltration
step in two of three experiments.

Although the serum used as B19V positive inocu-
lum was anti-B19V antibody free, serum samples used
for TTV spiking contained anti-TTV activity (Kreil
et al., 2006). The presence of TTV-antibody com-
plexes, increasing the effective virus size, could explain
the complete virus removal from the albumin solution
by a 35-nm nanofiltration. In addition, the high protein
concentration of this solution could have formed a pro-
tein Jayer on filter surfaces with a partia] block of the
small filter pores. Indeed, only a small amount of TTV
was removed by a 35-nm filtration of a 0,25 g/l FIX
solution and of a 1.5 g/l PTC solution. The complexity
of PTC composition and the characteristics of TTV are
likely responsible for the behaviour described concern-
ing PTC nanofiltration, but further studies are necessary

to understand the basis of such a peculiar behaviour
better, To this purpose, it could be particularly relevant
to investigate whether the TTV nanofiltration may be
influenced by changes in the protein concentration of
PTC, as our conflicting resulls seem to suggest. How-
ever, as previously reported (Kreil er al., 2006), it is
highly unlikely that a viral load as high as that used in
our experiments may still be present in PTC after the
use of all procedures for viral inactivation/climination,
Thus, on the basis of our results, it is to be expected
that a low concentration of TTV, possibly resiclual
post-PTC purification, should be easily removed by
nanofiltration.

This study was supported by grant S454/P from
the Ministero dell'Istruzione, dell’Universitd e della
Ricerca, Rome, Italy.
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n the United States, yellow fever (YF) vaccination is recommende?/gor tr;vAerlners.anc(i a;;i\?hi%?;};iry
isiting 1 i - i d Central/Sout erica (1,2).
nembers visiting endemic areas of sub-Saharan Afrxca an rica | camerican
ipi defer blood product donation for 2 weeks be
ted Cross recommends that recipients of YF vaccine i pecks because
i i issi i i . On April 10, 2009, a hospital blood ban )
he theoretical risk for transmission from a viremic donor (3) a hospital blood bank_
i blood products had been collected from 89 U.S. acti luty traiy
upervisor learned that, on March 27, | a : > Jutytrals 5
i i rt summarizes the subsequent in g
had received YF vaccine 4 days before donation. This repo . wves
;/)}flfheahospital and CDC to identify lapses in donor deferral and to d'itermme whe}tlher trgnffflus;?mni;?itfed
issi i i . i tigation found that a recent change in the :
ransmission of YF vaccine virus occurred. The inves nge | etiming of
i inati i had not reported recent YF vaccination status
rainee vaccination had occurred and that vaccinees accin: status at ¢
i i i i lood products were transfused into five patients. No -
»f donation. Despite a prompt recall, six units ofb ) : v { ents o
ini i iti th a serious adverse reaction were identifie
linical evidence or laboratory abnormalities consistent wi v edin,
: ipi ithi ; the fifth patient, who had prostate cancer an
recipients within the first month after transfu_sxon, the f tient, an
;(t):;e trfnsfusion—dependent, B-cell lymphoma, died Yvhﬂe_m hospxce care. Thre.e of thg dfour smwng
)atieglts had evidence of serologic response to YF vaccine virus. This report prowges ewd ?n:iarefu]
ransfusion-related transmission of YF vaccine virus can occur and underscores the need fo
icreening and deferral of recently vaccinated blood donors.

i i i lew i i i bsequent blood drive, the blood
2009, during a routine record review in connection with a su :
)):niiﬁ}l)é?\’dsor 19eamed %f a breach in the deferral protocol for blood pér(?ducts C(tzllectetadafrcgr:S t\i’aﬁglie:a
B} i igati ined in the previous drive was from train
further investigation revealed that the blood obtame‘ fecs who ha
i i i All of those blood products already had been
seen vaccinated with YF vaccine 4 days before the drive. Al en.
i i i tal's blood bank. The blood bank superviso -
srocessed and incorporated into the inventory at the hospital's : l -
i i i d units and three apheresis platelet units
-eviewed blood bank records and identified 87 whole bloo nits .
i i i hat had been released for transfusion wer
dfi the recently vaccinated trainees. B]ooq product.s tha fu
‘)rkz)atcaligg foxr-\?vglrd to identifi the patients who had received the implicated blood products. Remaining
mused blood products were identified and destroyed.

During April 20--30, investigators reviewed inpatient and outpatient records of patients who rheicelved the
>otentially infected blood products. A data collection tool was dgve(liope(i1 t.(;fcapturteizoieOxvnnoglrrzégi . f\s .
‘ i 1 i iti t received, and informa
nformation, underlying medical conditions, blood produc i, ! ;
’ i adverse events in persons who dre
ine doses. Because YF vaccine has been recogmzec} to cause serious 3
Jril(;:unocompromised or aged >60 years (1), information was collected on ufx.)tennal advers? gzl\;err;';sé]eétg.,
.' ingi levated transaminases, or multisystem organ failure) t
‘ever, meningismus, mental status changes, e : gran failure) that
igh i f the blood products. All blood product recip
night have occurred during the 1 month after receipt o bloac ‘
Ne%e notified in writing of the potential exposure to YF vaccine virus, and sérum s;mples fg/{o)m tlt';}e) ios
-ecipients were tested by enzyme-linked immunosorbent assa);_ foIr 11r\r41mutr_1§g}jquﬂm 1\;1 e(\I,gmati?i e
gai i YFV i itive for YFV-specific IgM antibodies wer .
against YF virus (YFV). Samples testing posi A 1ti pvere evaluated o9 ‘

i izati % cutoff value for neutralizing antibody ti g YFV
slaque reduction neutralization test, with a 90 2 ntibo s against VP
. i ( to YF vaccine virus). Additional testing
; tandard evaluation at CDC for determining serologic response to Y1 |
t'ct)}rlev\sl'est Nile virus and St. Louis encephalitis virus IgM apq IgG ax}tlbodles was performed using enzyme
:mmunoassays to evaluate for possible cross-reactivé*flaviviral antibodies.
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Blood Product Recipients
During March 31--April g, five patients had received six blood products (three platelets, two fresh frozen
plasmas, and one packed red cell unit) from six of the trainees. These six trainees had no previous history
of vaccination or travel history consistent with exposure to wild-type YFV. In the month after the
transfusion, one blood product recipient had died. The decedent was a man aged 82 years who was in
hospice care for terminal prostate cancer and end-stage, transfusion-dependent, B-cell lymphoma. He died
20 days after receiving one of the implicated platelet units. No autopsy was performed, and no pre-mortem
blood specimens were available for testing. The other four recipients of blood products had no documented
laboratory abnormalities or symptoms attributable to YF vaccine (Tahle).

Residual blood products from the six transfusions had been discarded. Testing for pretransfusion serologic
status of the blood product recipients could not be performed because banked sera were not available.
However, serum samples drawn 26--37 days posttransfusion indicateqd that three of the four recipients had
YFV-IgM antibodies confirmed by plaque reduction neutralization test. Testing for cross-reactive flaviviral
nfection by IgM and IgG antibodies was negative for all four recipients. Testing by reverse transcription--
>olymerase chain reaction or culture for the presence of YF vaccine virus in the surviving recipients was
10t performed because samples were obtained when virernia would no longer be expected if transfusion-
‘elated transmission had occurred, The patient without YFV-specific antibodies was a premature infant
~ho received multiple aliquots of red blood cells from one donor. Of the three recipients demonstrating

¥ IgM antibodies, two had been previously vaccinated with YF vaccine at least 20 years earlier. A
»ooster response was identified in these two previously vaccinated donor reci pients by the presence of
(FV-IgM antibodies and high neutralizing antibody titers (160 and 40,960, respectively).

?ublic Health Response

\review of records associated with the blood product donations confirmed that, in accordance with
‘tanc/lard blood bank screening procedures, each trainee had been questioned regarding recent
accinations on the day of donation. However, none reported having received YF vaccine 4 days earlier. To
rrevent a similar event in the future, personnel at the military training center now provides the blood bank
vith immunization records of all trainees at least 1 week before the blood drive, and just before donation,
taff members ask each donor individually about his or her vaccination history.

{eportéd by

- Lederman, MD, T Warkentien, MD, M Bavaro, MD, J Arnold, MD, D DeRienzo, MD, US Navy. JE
taples, MD, M Fischer, MD, J.J Laven, OL Kosoy, RS Lanciott], PhD, Div of Vector-Borne [ nfectious
nseases, National Center for Emerging and Zoonotic Infectious Diseases, CDC.

")L.;\torial Note

his investigation documents, for the first time, serolo
wrough infected blood products. Before this report, the risk for transmitting YF vaccine virus through
lood products was only theoretical. From this investigation, various blood products, including irradiated
latelets, appear capable of transmitting the YF vaccine virus. Although irradiation can minimize

-ansfusion-associated graft-versus-host disease, the dose is inadequate to kill YF vaccine virus (A. Barrett,
miversity of Texas Medical Branch, personal communication, 2009).

gic evidence for transmission of YF vaccine virus

f the four surviving blood product recipie
arviving recipient who did not have serol
:asons for the lack of detectable levels of
amune system was not mature enough t

nts, three had YFV-IgM and neutralizing antibodies. The one
ogic evidence of exposures was a preterm infant. Two potential
YFV-IgM antibodies in the preterm infant are the infant's

’ _ 0 mount an adequate immune response and lower levels of YF
iccine virus were present in red blood cells compared with other serum-containing products. Despite

7Adence of transmission of YF vaccine virus, no‘adverse events attributable to the transfused virus were

lentified in the blood recipients. In addition, these blood recipients were not ideal candidates for YF
tecination because of age or compromised immune status.

i

:rsons receiving their first dose of YF vaccine often will develop a low-level viremia within 3--7 days after
ieccination that persists for 1--3 days (4). As neutralizing antibody develops, viremia resolves. Neutralizing
itibody develops in 90% of recipients within 10 days of vaccination and in 99% of recipiénts within 30
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. days (5). Immunity lasts for at least 10 years (2). Persons receiving subsequent doses typically do not
levelop viremia but might have an elevation in IgM antibodies if several years have passed since their last

vaccination (6). YFV-IgM antibodies detected in the recipients might represent passive immunization (i.e.,

ransfer of antibodies formed in the donor) rather than transmission of vaccine virus via blood product.
However, this explanation is unlikely because all the donors were primary vaccine recipients, and they
would be expected to have viremia with low or nonexistent levels of IgM antibodies at 4 days post-
vaccination, when the blood donation occurred (7,8). Detection of YF vaccine virus in the original blood
products or acute sera from recipients could have confirmed vaccine virus transmission, but samples were
anavailable to perform such testing. Two of the three recipients with positive YFV-IgM antibody titers had
deen vaccinated previously with YF vaccine more than 20 years earlier likely had an anamnestic response
10 the vaccine virus in the blood products. This immunologic response is consistent with reports that YFV-
[gM antibodies can reform after a booster dose of the vaccine, particularly with longer time between
vaccinations (6,8).

Iransfusion-related transmission of attenuated Y¥ vaccine virus is preventable. Health-care providers
should inform persons receiving live vaccines about the temporary deferral for blood donation. Providing
additional checks and balances is especially important when blood product donors receive several
vaccinations within a short period (e.g., in the case of active duty military personnel or travelers). If
‘easible, occupational health personnel at military training facilities should collaborate with the organizers
s blood drives targeting military trainees to coordinate a minimum 2-week interval separating receipt nf
Ive vaccines and collection of blood products. All potential blood donors should be individually sereeft. )
‘or a recent history of receipt of vaccines containing live virus during the month before donation, and
:emporary deferment should be based upon the expected post-vaccination period of viremia. Most
‘emporary deferments due to receipt of live vaccines are 2 weeks; however, recipients of measles, mumps,
ind rubella vaccines and varicella vaccines should be deferred for 4 weeks because of the theoretical risk
‘or prolonged viremia.
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What is already known on this topic?

Blood donor centers temporarily defer donation from persons receiving live virus vaccines because of a .
heoretical risk for viral transmission to the blood product recipient.

What is added by this report?

44 —

[ransfusion-related transmission of yellow fever vaccine virus is documented for the first time.

Transfusion—-Related Transmission of Yellow Fever Vaccine Virus —— California, 2009

What are the implications for public health practice?

4/5 N3

Blood donation centers should identify recipients of live virus-vaccines to recommend the .app.i*opriate '
timeframe for deferral, which varies depending upon the timeframe for expected postvaccination viremia.

TABLE. Selected characteristics, clinical outcomes, and laboratory findings of five patients
exposed to blood products from donors recently vaccinated with yellow fever vaccine ---
California, 2009*

Serologic evaluatior

Age Sex Previous | Blood Underlying Symptoms Yellow No. of da
yellow |product |medical and fever post-
fever received |conditions laboratory virus IgM | transfusi
vaccine | (quantity) abnormalitiest | ELISA / .
(year) : PRNTs

Premature | Female [ No Irradiated | Prematurity, None Negative / |37

infant (24 - red blood |intraventricular Not done

wks cells (4 hemorrhage

er’"mated aliquots; ‘

géscational 30 cc total)

age)?

6 yrs Male |No Irradiated | Wilm's tumor = | None Positive / |36

‘platelets (relapsed), 160
. recent
(1 unit) chemotherapy

66 yrs Male | Yes Platelets Kidney/liver None Positive /- |33

(1964) . transplant 160
unit)  (o005),
diabetes,
history of
al¢ohol abuse »

58 yrs Male. | Yes Fresh Chronicrenal | None Positive / 26
(1975, frozen insufficiency, 40,960
1986) plasma peritoneal and :

. ulmona
(2 units) Euberculcgs,
psoriasis
(received
infliximab >2
mos before) ‘

82 yrs Male |Yes Irradiated | Diffuse large B | Deceased** Premortem | ---
(1959, platelets cell lymphoma specimen
1965) . s/p not

(2 unit) chemotherapy available
and radiation for testing
treatment,
prostate
carcinoma

* Based on electronic medical record review.

'Inthe 30 'da‘ys after blood product transfusion
abnormalities in white blood cell count, transal

(e.g., fevér, rigors, headache, meningismus, paralysis; and mental status changes, and
minases, or cerebral spizasl fluid [if clinically indicated]).

HImmunoglobulin M enzyme-linked immunosorbent assay result and plaque reduction neutralization test titer.
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¥ Received blood products during days 2, 4, 6, and ¢ of life.

** Patient was discharged to inpatient hospice for underlying malignancy and died 20 days after receiving blood products. An autopsy was not

performed.
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http://www.cdc.gov/mmwr) and/or the original MM WR paper copy for printable versions of official text, figures, and tables.
\n original paper copy of this issue can be obtained from the Superintendent of Documents, U.S. Government Printing Office
GPO), Washington, DC 20402-9371; telephone: (202) 512-1800. Contact GPO for current prices.
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Transmission of Yellow Fever Vaccine Virus Through
Breast-Feeding — Brazil, 2009

In Apeil, 2009, the state health department of Rio
Grande do Sul, Brazil, was notified by the Cachoeira
do Sul municipal health deparunent of a case of
meningoencephalits requiring hospitalization in an
infant whose mother recently had received yellow
fever vaccine during a postpartum visit. The Field
Epidcmin\ng"Yrain'mg Program of the Secretariat of
Sueveillance in Health of the Brazilian Ministry of
Health assisted state and municipal health depare-
ments with an investigation. This report summarizes
the results of that investigation, which decermined
that the infant acquired vellow fever vaccine virys
through breast-feeding. The mother reported 2 days
of headache, malaise, and low fever occurring 5 days
after receipr of yellow fever vaccine, The infant, who
was exclusively breast-fed, was hospitalized at age
23 days with scizures tequiring continuous infusion
of intravenous anticonvulsants. The infant received
antimicrobial and antiviral trearment for meningoen-
cephalitis. The presence of 17DD yellow fevee virus
was detected by reverse transcription—polymerase
chain reaction (RT-PCRY} in the infant's cercbrospinal
Auid (CSF); yellow fever—specific immunoglobulin
M (IgM) antibodies also were present in serum and
CSE The infant recovered completely, was discharged
afeer 24 days of hospitalization, and has had normal
neurodevelopmentand growth through age.6 months.
The findings in this report provide documentation
that yellow fever vaccine virus can be transmitted via
breast-feeding. Administracion of yellow fever vaccine
10 breast-feeding women should be avoided except
in situations where exposure to yellow fever viruses

cannot be avoided or postponed.

On March 23, the mother, aged 22 years, deliv-
ered a healthy female infant at 39 weeks' gestational
age by clective cesarean delivery. During that same
month, 2 yellow fever epidemic had spread to a non-
endemic area in Rio Grande do Sul state where the
mother resided (1), On April 7, when the mother
was 15 days postpartum, she visited her health-care
provider 1o have the sutures removed from her cae-
sarean incision. While in the provider's office, she
received 17DD yellow fever vaccine. She had not
been vaccinated for yellow fever previously. On April

MMWR / February 12,2010 / Vol. 59 / No. 5
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12, 5 days after receiving the vaccine, she reported a
headache, malaise, and low fever, which persisted for
2 days. The mother did not seek.medical care for her
symptoms.,

On April 15, 2009, the mother’s infant, aged 23
days, developed fever, and irritability and refused 1o
narse. The next day, the infant exhibited seizure-like
activity and was admiced to che hospital for evaluadon
of possible meningoencephalitis. Upon admission, the
infant experienced unilateral lefe upper extremity
clonic convulsions of increasing frequency requiring
intravenous diazepam (0.15 mg). Perioral cyanosis
was noted and oxygen saturation measured by arterial
blood gas was pO, 60 (normal: PO, 80-100). A chest
radiograph showed no infiltrate. Peripheral white
bload cell (WBC) count was 25,400/mm? (normal:
3,000-20,000 WBC/mm?) and plateler count was
393,000/mm? (normak 2150,000 platelets/mm?).
Laboratory examination of CSF was unremarkable,
with @ WBC count of 1/mm? (normal: 0-5 WBC/
mm3), slight elevation of protein (67 mg/dL [normal:
15-45 mg/dL)), and decreased glucosc concentration
(37 mg/dL [normal; 42-78 mg/dL]). Gram stin of
the CSF specimen revealed no bacteria. The infanc
received oxygen therapy, intravenous dipyrone (0.1
mL every 6 hours) and phenytoin (10 mg every 12
hours), and cmpiric treatment for bacterial infec-
tion with ampicillin and gentamicin, On April 18,
empiric acyclovir treatment was added. No specimens
for bacterial or fungal cultures were obrained. Other
ctiologics for meningoencephalitis were ruled out by
testing of serum and CSF samples for dengue-specific
[gM; viral culture for herpes simplex, cytomegalovi-
1us, and varicella; and RT-PCR for enteroviruses, all
of which were negarive,

The infant alternated benween periods of somno-
lence and irritability, withour clinical improvement.
On April 19, convulsions became more frequent {one
episode every 10 minutes) and difficult 1o control,
with persistent perioral cyanosis, resulting in trans-
fer to the pediatric ICU for continuous infusion of
anticonvulsants and monitori ng of oxygen saturation.
A second CSF examination showed 2 WBC count of
128/mu3, a protein concentration of 106 mg/dL, and
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a glucose concentration of 24 mg/dL, Computerized
tomography of the head demonstrated bilateral sym-
metrical areas of diffuse low density suggestive of
inflammation consistent with encephalitis.

After the second CSF examinadion on Apdil 19,
the mother mentioned receiving yellow fever vaccine
8 days before the infant's onset of symproms, and 2
scrum and CSE sample from the infant were sent
1o the arbovirus reference laboratory at Adolfo Lutz
Institute in Sdo Paulo, Brazil, to test for the presence of
17DD yeltow fever vaccine virus. Yellow fever-specific
TeM antibodies were detected in serum and CSE
Yellow fever viral RNA was amplified by RT-PCR
(2.3) from a CSF specimen collected on April 19; the
nucleotide sequence of the amplified PCR product
was identical to 17DD yellow fever vaccine virus.
No breast milk o maternal serum was collecred for
yellow fever virus testing.

The infant recovered completely and was dis-
charged from the hospital without sequelae on May
10, 2009. Follow-up of the infanc showed normal
neurodevelopment and growth through age 6 months.
The Brazilian Committee on Vaccine-Associated
Adverse Events classified the child’s encephalitis as
yellow fever vaccine-associated neurologic disease. To
rule out the possibilicy that the infant had reccived
yellow fever vaccine inadvertently, the investigators
reviewed all procedures documented in the medical
record performed berween the infant’s birth and onset
of symptoms. The child had received intramuscular
vitamin Kand hepatitis B vaccine on the day of birth,
Two other children born on the same day had received
hepatitis B vaccine from the same lot of vaccine as the
one registered in the child’s vaccination record, and
ncither experienced similar symptoms.

Reported by

A Malbmann Couto, MD, M Ribeiro Salomiio, MD), Hospital
de Caridade de Cachoeira do Sul; MT Schermann, MD,
R Mobhrdieck, MD, Rio Grande do Sul State Health Depr,
Porto Alegre; A Suznki, Adolfs Lutz Inssitute, Sdo Paulo;
SM Deorti Carvalbo, National Immunization Program,
Secretariat of Surveillance in Health (SVS), Ministry of Healch
(Mold), Brasilia; DM de Assis, Brazilian Fif/dE/;idcmin/agy
Training Program (EPISUS) and Vector-borne Discases
and Anthropozoonsses Surveillunce, SVS, MoH, Brusilia;
W Naveganies Araiijo, DVM, EPISUS, SVS, MoH, Brasilia,
and Gongals Mowiz Institute, Onwalde Cruz Foundation,
MoH, Salvadar; B Flannery, PhD, Pan American Health
Organization, Brasilia, Brazil

Editorial Note

“This report describes the first laboratory-confirmed
case of yellow fever vaccine-associated neurologic
discase accurring in an infant secondary o the
transmission of yellow fever vaccine virus through
breast mitk. The infant described in this report alse
is the youngest reported case of yellow fever vaccine—
associated neurologic disease. The presence of yellow
fever-specific IgM in CSE, and 17DD yellow fever
vaccine viral RNA in the CSF of the infant indicates
transmission and infection with yellow fever vac-
cine. Fallowing primary vaccination, IgM antibadies
generally appear 4-7 days after receipt of vaccine (4).
Maternal IgM antibodics can be excreted in breast
milk and the presence of serum [gM in the infant
alone is not diagnostic of yellow fever virus infection.

. The detection of IgM antibodies in the infant’s CSF

indicates intrathecal antibody production in response
to a nervous system infection because IgM does not
normally cross the blood brain barrier (5).

Based on the mother's receipt of yellow fever vac-
cine on April 7, and onset of symptoms in the infant
on April 15, the infant’s infection likely occurred
during the expected peak of viremia following vaccina-
tion. Neurologic adverse events, including encephali-
tis, have been deseribed previously in association with
yellow fever vaccination; children aged <6 months
have the highest incidence of vaccine-associated
neurologic events {6). However, only one previous
episode of encephalitis, which was not confirmed as
vaccine-associated, has been described in an infant
exposed to yellow fever vaccine virus through breast-
feeding (Public Health Agency of Canada, personal
communications, 2009).

Yellow fever vaccine is a live, atrenuated virus prep-
aration made from various strains of the 17D yellow
fever virus lineage. In Brazil, yellow fever vaccine from
the 17DD strain is produced by Bio-Manguinhos, a
public sector vaccine manufacturer of the Qswaldo
Cruz Foundation of the Brazilian Ministry of Health.
Yellow fever vaccine~associated neurologic disease
(YEL-AND;, formerly known as postvaccinal encepha-
litis) is reported to occur at a rate of 0.4 cases per

100,000 persons vaccinated in the U.S, population,
with highest rates reported among persons aged 260
vears (1.6 per 100,000) (6). However, the incidence
among infants aged <G months has been estimated
as 0.5-4.0 cases per 1,000 infants vaccinated (4). For

this reason, administration of 17D-derived yellow
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fever vaccines is contraindicaced in infants aged <6
months (4,7,8).

Yellow fever virus, either wild-type or 17D, has nat
been reporred to have been isolated from or detected
in human bréast milk. West Nile virus (WNV),
another flavivirus, has been detected in mitk from
WNV-infected, _mnS::m women (9), and one case of
probable WNV transmission through breast-feeding
has been reported (10). The actual risk for 17DD
virus traasmission through breast-feeding cannot be
characterized because the number of breast-feeding
women who have been vaccinated without negative
sequelae in their infants is unknown. Based on che
theoretical risk for yellow fever vaccine virus trangr is-
sion through breast milk, the Advisory Committee on
lmmunization Practices recommends that yellow fever
vaccination of nursing mothers be avoided, except
when travel of nursing mothers 1o high-risk ycllow
fever—endemic areas cannot be avoided or postponed
(7). Vaccine recommendations from the Wosld Health
Organization do not include considerations for breasc-
feeding mothers (8). )

In Brazil, yellow fever vaccination is recommended
for all residents of municipalities considered at risk for
yellow fever transmission, and for travelers o at-risk
arcas (1), As aresule of this investigation, the Brazilian
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Ministry of Health is revising its recommendations to
caution against administration of vellow fever vaccine
to ?o»ﬁ.?a&:ln women, cxcept in sitcuacions where
the risk for contracting yellow fever is unavoidable,
Further studies on excretion of 17DD virus in breast
milk of vaccinated, lactaring women would help to
define a risk period for viral transmission in cases
where vaccination of nursing n

ecessa y.
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