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Avian H7 influenza viruses from both the Eurasian and North Amer-
ican lineage have caused outbreaks in poultry since 2002, with
confirmed human infection occurring during outbreaks in The Neth-
erlands, British Columbia, and the United Kingdom. The majority of
H7 infections have resulted in self-limiting conjunctivitis, whereas
probable human-to-human transmission has been rare. Here, we used
glycan microarray technology to determine the receptor-binding
preference of Eurasian and North American lineage H7 influenza
viruses and their transmissibility in the ferret model. We found that
highly pathogenic H7N7 viruses from The Netherlands in 2003 main-
tained the classic avian-binding preference for a2~-3-linked sialic acids
(SA) and are not readily transmissible in ferrets, as observed previ-
ously for highly pathogenic H5N1 viruses. However, H7N3 viruses
isolated from Canadain 2004 and H7N2 viruses from the northeastern
United States isolated in 2002-2003 possessed an HA with increased
affinity toward 2-6-linked SA, the linkage type found prominently
on human tracheal epithelial cells. We identified a low pathogenic
H7N2 virus isolated from a man in New York in 2003, A/NY/107/03,
which replicated efficiently in the upper respiratory tract of ferrets
and was capable of transmission in this species by direct contact.
These results indicate that H7 influenza viruses from the North
American lineage have acquired sialic acid-binding properties that
more closely resemble those of human influenza viruses and have the
potential to spread to naive animals.

hemagglutinin | transmission receptor binding  animal model

Avian influenza viruses within the HS and H7 subtype continue
to pose a major public health threat. Since 2004, highly
pathogenic avian influenza (HPAT) H5N1 viruses have resulted in
>380 cases of laboratory-confirmed human infection in 14 coun-
tries (1). Despite the high virulence of H5N1 viruses observed in
humans and mammalian models (2), human-to-human transmis-
sion has been only rarely documented (3-5). Additionally, influenza
H7 subtype viruses within both Eurasian and North American
lineages have been responsible for multiple outbreaks and human
infections since 2002. These include outbreaks of HPAI H7N7 in
The Netherlands in 2003 that resulted in >80 cases of human
infection and one fatality; HPAI H7N3 in British Columbia,
Canada, in 2004 that resulted in two cases of conjunctivitis; a cluster
of human infections of low pathogenic avian influenza (LPAI)
H7N2 in the United Kingdom in 2007 that resulted in multiple cases
of influenza-like illness and conjunctivitis; and a single case of
human respiratory infection in New York in 2003 (6-11). The
majority of human infections with H7 influenza viruses have
resulted in conjunctivitis, but similar to HSN1 viruses, probable
human-to-human transmission among family contacts has been
rarely documented through molecular diagnosis (7). Representa-
tive viruses isolated from these outbreaks were found to replicate
efficiently in the mouse and ferret models, and one virus isolated
from a fatal respiratory case during the H7N7 Netherlands out-
break, A/NL/219/03, was highly lethal in both mammalian models
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(12, 13). However, further study is needed to assess the pandemic
potential of H7 influenza viruses within this subtype.

Influenza virus attachment to host cells is mediated by the virus
HA biading to sialic acid (SA) glycans present on host cell surfaces.
Avian influenza viruses predominantly bind o2-3-linked SA,
whereas human influenza viruses preferentially bind to a2-6 SA
(14). The three influenza pandemic viruses of the last century,
causing the pandemics of 1918 (HIN1), 1957 (H2N2), and 1968
(H3N2), each possessed an HA with a human o2-6 SA-binding
preference yet are thought to have originated from an avian virus
possessing the o2-3 SA-binding preference (15, 16). With few
exceptions, avian H5N1 influenza viruses isolated from humans
have maintained the classic &2-3 SA binding (17-20). However, the
SA-binding preference of recent H7 influenza viruses associated
with disease in humans has not been well studied.

The ferret model has been used successfully to study the trans-
mission of human and avian influenza viruses (21-23), because
ferrets exhibit a similar distribution of SA as reported in humans
with a higher proportion of a2-6 SA glycans on upper respiratory
tract epithelial cells and o2-3 SA in the lower respiratory tract
(24-27). These studies have shown that avian H3N1 viruses, despite
replicating to high titers in the respiratory tract, are not readily
transmissible by either respiratory droplet or contact transmission
(21). To date, the transmissibility of viruses within the H7 subtype
has not been examined experimentally. Here, we use glycan mi-
croarray technology to determine the receptor-binding preference
of H7 influenza viruses of both Eurasian and North American
lineages and assess the transmissibility of selected H7 influenza
viruses using the ferret model. Surprisingly, we found that recently
isolated H7N2 and H7N3 viruses of the North American lineage
possess increased binding to a2-6 SA, with several strains exhibiting
preferential binding characteristic of human influenza viruses. One
of these was an H7N2 virus, AINY/107/03, associated with respi-
ratory disease in an adult male, which we found to be capable of
efficient direct contact transmission in the ferret model.

Results

Receptor-Binding Preference of Eurasian H7 Influenza Viruses. Previ-
ous studies have elucidated the molecular basis for the receptor-
binding preference of influenza viruses of multiple subtypes, in-
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Fig. 1. Glycan microarray analysis of Eurasian and North American lineage H7 influenza viruses. Analysis was performed on the following viruses: NL/219 (A),
NL/230 (B), HK/486 (H5N 1} (C), RhealNC (D), Can/504 (£), Can/444 (F), TkyVA (G), Ck/Conn (H), and NY/107 (). The glycan microarray was performedby using whole
virus with antisera raised against homologous or cross-reactive virus as a primary antibody. Colored bars highlight glycans that contain a2-3SA (yellow) and a2-6
SA (green). Error bars reflect the standard deviation in the signal for six independent replicates on the array. Structures of each of the numbered glycans are

found in Table S$1 (S/ Text) and for selected glycans in Table 2.

cluding H1, H2, H3, H5, and H9 viruses (15, 16, 28-30). However,
recently isolated H7 influenza viruses have not been comprehen-
sively analyzed for their HA-binding preference. We used a glycan
microarray with whole virus to determine the «2-3 and o2-6
SA-binding preference of Eurasian or North American lineage H7
- influenza viruses associated with disease in humans or related
viruses isolated from birds. Two HPAI H7N7 Eurasian lineage
viruses isolated from an outbreak in The Netherlands in 2003 were
tested, A/NL/219/03 (NL/219) and A/NL/230/03 (IN1/230). NL/219
was isolated from a human with fatal respiratory disease, whereas
NL/230was isolated from an individual with conjunctivitis (6). Both
H7N7 viruses exhibited preferential binding specificity toward a2-3
SA (Fig..1.4 and B). This pattern of binding closely resembles the
strong o2-3 SA-binding preference observed with HPAI H5N1
viruses isolated from humans, as has been reported and is demon-
strated here with A/HK/486/97 (HK/486) virus (Fig. 1C) (29). These
results were confirmed by hemagglutination assay, with NI/219,
NI/230, and HK/486 viruses binding to turkey red blood cells
(RBCs) resialylated with o2-3- but not o2-6-linked sialosides
(Table 1). These findings suggest that HPAI H7N7 Eurasian
lineage viruses, similar to HPAI HSN1 viruses, have maintained
classic avian specificity for a2-3 SA despite causing productive
infections in humans, . ~

Table 1. Hemagglutination assay of H7 influenza viruses using
differentially sialylated turkey RBCs

Presence or absence of hemagglutination

Virus TRBC a2-6 RBC «2-3 RBC desial RBC

NU219
NL/230
Rhea/NC
Can/504
Can/444
NY/107
Tky/VA
Ck/Conn
HK/486
Tx/91
PBS

I+ 4+ + 4+ + + o+
R
b+ o+ 4
|

Belser et al,
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Receptor-Binding Preference of North American H? Influenza Viruses.
H7N2 subtype viruses have been routinely isolated from the Jive-bird
market system in the northeastern United States since 1994 (31).
Glycan-binding analysis of A/Rhea/NC/39482/93 (Rhea/NC), a LPAI
H7N1 virus isolated in 1993, exhibited a classic avian a2-3 SA receptor-

binding preference (Fig. 1D). However, the more recent H/NZ viruses |

AlTky/V A/4529/02 (Tky/VA), which caused a major outbreak among
cormmercial poultry in Virginia and was associated with serologic
evidence of human infection (32), and a 2003 H7N2 poultry isolate
A/Ck/Conn/260413-2/03 (Ck/Conn), exhibited significantly increased
binding to glycans with o22-6 SA (Fig. 1 G and H). A genetically related
H7N2 virus isolated from a single case of human respiratory infection
in 2003, A/NY/107/03 (N'Y/107), also exhibited a marked increase i
o2-6 SA binding and reduced binding to glycanswith o2-3 SA (Fig. 10).
Two H7N3 viruses (A/Canada/504/04 and A/Canada/444/04), associ-
ated with human conjunctivitis during an outbreak of HPAI in British
Columbia (Fig. 1 E and F), also revealed increased binding 0 e2-6 SA
compared with Eurasian lineage viruses (Fig. 1 A-C). An assay using
resialylated erythrocytes independently documented the dual o2-6 and
o2-3 SA binding of all H7N3 and H7N2 viruses (Table 1).

More detailed analysis of glycan microarray data revealed that
the specificity differences among the H7 viruses was more striking
for subclasses of a2-6 and o2-3 glycans as summarized in Table 2.
Although neither of the Eurasian viruses nor the Rhea/NC virus
bound glycans with a2-6 SA, all of the post-2002 North American
viruses exhibited moderate to strong binding to the a2-6 SA of the
biantennary N-linked giycans (nos. 34 and 35). Three viruses,
Tky/VA, Ck/Conn, and NY/107, exhibited moderate to strong
binding to most glycans with a2-6 SA, including a glycan with an
internal sialic acid (no. 45) not recognized by the other viruses.
Although these three viruses were similar in binding a2-6 SA, they
exhibited. significant differences in their binding of glycans with
a2-3 SA. Tky/VA bound as well to glycans with a2-3 SA as the
Eurasian viruses. In contrast, Ck/Conn and NY/107 exhibited
strong binding to only 4 of the 32 glycans with &2-3 SA, including
two sulfated (nos. 1 and 4), one branched (no. 7), and one linear (no.
17) glycan (Fig. 2 and Table 2). Binding to the remaining glycans
with o2-3 SA was significantly reduced, especially for NY/107. The
reduced binding to glycans with o2-3 SA is notable, because this
was a characteristic of influenza viruses with H1, H2, and H3 HAs
when first introduced into the human population (15, 16, 28, 33).

PNAS | May 27,2008 | vol. 105 | no.21 | 7559
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Table 2. Comparison of the detailed sialoside receptor specificity of H7 influenza viruses

« 2-3 sialosides

« 2-6 sialosides

Sulfated Branched Linear Fucosylated Branched Linear Internal
o lpe a g ) 2 ot . 3 Ba
Q. -0 o6
: !u3 PSE it =0 Zu; O—OEB a6
0“—:-’0&* oﬁ OO—BOED a6 Ba P2 C°
10-12,15,16,
Virus 14 3,5 7 17 18,19 20-25 34,35 40-44 45
NL/219 ++ 4 + +4+ R +++ Rt - - -
NL230 +++ +++ ++4 + 4+ +4+ 4+ +/~ +/- +-
Rhea/NC +++ + 4+ +4++ +4++ +++ e - - -
Can/504 ++ +++ +++ +4+ +E 4+ + & + -
Can/444 4 4+ +++ + o+ + 4 + ++
TkyVA +4+ 4 o+ + 4+ t : ot +++
Cik/Conn ++ + + 4 ++ B s L
NY/107 + - + + 4+ ot + ++ + +++

Structures shown in symbol form (see key below) are structures of single glycans or composite structures for chemically related glycans represented by the
numbers underneath, which correspond to the numbers in the complete structure fist (Table 51) and the glycan microarray data in Fig. 2. Error bars reflect the
standard deviation in the signat for six independent replicates on the array. The relative binding of the virus to each glycan subclass is qualitativelv estimated

based on relative strength of the signal for the data shown in Figs. 1 and 2. Stron,

O, Gal; D GaiNAc @, Gic; B, GIcNAC O Man; A, Fuc

Transmissibility of Eurasian H7 Influenza Viruses in Ferrets. To assess
the impact of enhanced a2-6 SA specificity on the transmissibility
“of the North American H7 viruses, both respiratory droplet and
contact transmission experiments were performed as described (21)
by using the ferret transmission model. Six ferrets were inoculated
wtranasally with 107 50% egg infectious doses (EIDsp), a dose
reported to consistently infect ferrets with human or avian influ-
enza viruses (34). Twenty-four hours postinoculation (p..), three of
the inoculated ferrets were placed in modified cages with a perfo-
rated side wall adjacent to a naive ferret, allowing air exchange

Inoculated

A

]
w

ETD /m
»

Vical titer (loaio

7

Fig. 2.

g (+++), moderate (+ +), weak (+) detectable (+/-), absent (-).

i i LU L S AL, 54,
2 4 ] ¥ 19 13 3
days past inocutation/contact

, NeuAc;

between ferrets while preventing direct contact of animals or
indirect contact with food or bedding (respiratory droplet trans-
mission). The remaining three inoculated ferrets were each co-
housed with a naive ferret to assess direct contact transmission.
Criteria for efficient transmission included detection of virus in
nasal washes (NW) of contact ferrets and seroconversion of con-
valescent sera from contact ferrets, both of which occur dunng the
efficient transmission of human influenza H3N2 viruses as shown
in this model system (21).

NL/219 virus has been shown to be highly virulent in the ferret

Inocalsted Contact
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Direct contact transmissibility of H7 influenza viruses. Three ferrets were inoculated with 107 EiDsg of NL/219 (4), NL230 (8), TkyVA {C), Can/504 (D), NY/107

(E). or Ck/Conn {F) virus, and nasal washes were collected from each ferret on the indicated days p.i. (dark bars). A naive ferret was placed in the same cage as each
inoculated ferret 24 h p.i., and nasal washes were collected from each contact ferret on indicated days p.c. (light bars). The limit of virus detection was 1075 EDsy/ml.
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Table 3. Clinical signs, virus replication, seroconversion, and direct contact transmission in ferrets inoculated with H?

influenza viruses

No. of inoculated ferretsftotal number

Clinical signs

No. of contact ferrets/total number

Respiratory Peak mean logio

Weight symptoms, nasal wash titer, Seroconversion Virus detected Seroconversion
Virus Subtype loss, %* day p.i. day p.i. (H! titer range}! in nasal wash (HI titer range)t
NUL219 HINT 3/3(18.3) 313 (3) 6.3 (1,3) /1 (3200 0/3 o3
NL230 HZN7? 3/3(6.7) 173 (5) 6.5 (3,5) 373 (320-640) 23 273 (320, 640)
Can/504 H7N3 33(17.2) 13(5) 7.4(3) 373 (320-640) 23 o3
Tky/VA H7N2 3/3(6.6) 273 (3) 6.75 (1) 3/3 (320-640) 03 03
NY/107 H7N2 3/3(6.3) 173 (5) 6.3(1) 373 (640-1,280) 33 3/3 (1,280-2,560)
Ck/Conn HTN2 23(3.8) 183D 71 3/3 (320-640) E] 173 (160)

*The percentage mean maximum weight loss is shown,
tH! assays were performed with homologous virus and horse RBCs.
*Only one ferret survived and was tested.

model (13). In the current study, both NL/219 and NL/230 viruses
replicated efficiently in the upper respiratory tract of inoculated
ferrets, with peak mean nasal wash virus titers 0£6.3 = 0.2and 6.5 =
0.9 logyo EIDsy/ml detected on day 3 p.i., respectively (Fig. 2 4 and
B). Two of three animals inoculated with NL/219 virus in each
experiment were humanely killed 5-7 days p.i. because of severe
weight loss or development of hind-limb paralysis. NL/219 virus did
pot transmit by either direct contact or respiratory droplets, be-
cause virus was not isolated from nasal washes of contact ferrets,
and seroconversion of contact animals for hemagglutination inhi-
bition (HI) antibody did not occur (Fig. 24, Table 3, data not
shown). Respiratory droplet transmission of NL/230 virus was not

" observed (data not shown); however, in the direct contact exper-
iment, NL/230virus was detected in the nasal washes of two of three
contact ferrets, with peak NW virus titers >10% EIDsq¢/ml by day
8 postcontact (p.c.) in these animals (Fig. 2.8). Both NL/230 contact
ferrets that had virus isolated from NW seroconverted by the end
of the experiment (Table 3). The third NL/230 contact ferret did not
have detectable virus in NW arid did not seroconvert (Fig. 2B,
Table 3). This pattern of NL/230 virus transmission by direct
contact was confirmed in a duplicate experiment that resulted in
seroconversion of only two of three ferrets. Taken together, these
results indicate that, despite similar receptor-binding properties as
measured by glycan array and resialyation assay, N1/230 virus
exhibited an enhanced ability to transmit in the ferret model by
direct contact compared with NL/21$ virus.

Transmissibility of North American H7 influenza Viruses in Ferrets.
Next, we assessed the ability of the H7 viruses of the North
American lineage to spread to naive ferrets by either respiratory
droplet or contact transmission. Tky/VA virus replicated efficiently
in the upper respiratory tract of inoculated ferrets, with peak mean
virus titers reaching 6.75 = 0.5 Jogo EIDso/ml on day 1 p.i. (Fig. 2C).
However, Tky/VA virus did not transmit by direct contact, because
virus was not isolated from nasal washes of contact ferrets, and
seroconversion of contact ferrets was not detected (Fig. 2C, Table
3). Can/504, a HPAT H7N3 virus, was also found to replicate

efficiently in the upper respiratory tract of inoculated ferrets, with -

peak mean nasal wash virus titers reaching 7.4 + 0.3 log;o EIDs¢/ml
on day 3 p.i. (Fig. 2D). Additionally, substantial weight loss was
observed in ferrets inoculated with Can/504 virus (Table 3). Low
levels of virus were detected in the nasal washes of two ferrets in
direct contact with inoculated animals (1.98-2.25 logio EIDso/ml);
however, seroconversion of these contact ferrets did not occur
(Table 3). These low virus titers are most likely due to the presence
of residual virus on the noses of contact ferrets that was acquired
from the environment or from the inoculated ferrets and therefore
does not constitute efficient virus transmission, because sustained

Belser et al.
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high titers of virus in the upper respiratory tract were not detected,
and seroconversion did not occur. Respiratory droplet transmission
of Tky/VA or Carn/504 virus was not detected (data not shown).
As discussed above, two H7N2 viruses, NY/107 and Ck/Conn,
exhibited enhanced o2-6 SA binding with decreased binding to
a2-3 SA in the glycan microarray, with N'Y/107 showing the most
significant decrease. Similar to all other H7 viruses tested, NY/107
and Ck/Conn viruses were detected at high titers in nasal washes of
inoculated ferrets, with peak mean virus titers of 6.3 & 0.5 logie
EIDsy/ml and 7.1 * 0.3 logso EIDso/ml, respectively, on day 1 p.i.
(Fig. 2 E and F). In contrast with Tky/VA or Can/504 viruses,
NY/107 virus transmitted efficiently to three of three ferrets by

direct contact, with peak virus titers in nasal washes from each -
contact ferret reéaching =10°% EIDsg/ml and seroconversion oc- -

curring in all contact animals (Fig. 2E, Table 3). Transmission by
direct contact occurred by day 2 p.c. in one ferret and by day 6 p.c.
in the remaining two contact animals (Fig. 2E). In comparison,
Ck/Conn virus transmitted by direct contact in one of three contact
ferrets, with peak NW virus titer reaching 107% EIDs¢/ml on day
10 p.c. (Fig. 2F). Seroconversion of the remaining two contact
ferrets did not occur, indicating that Ck/Conn virus, unlike NY/107
virus, did not transmit efficiently by direct contact (Table 3). Similar
to other H7 viruses in this study, respiratory droplet transmission
was not observed with either virus {(data not shown). These findings
demonstrate the ability of an H7 influenza virus isolated from a
human, NY/107, to transmit efficiently by direct contact in the ferret
model.

Discussion
Like other avian influenza viruses, those within the H7 subtype fali
into two geographically distinct lineages, Eurasian and North
American (35, 36). H7 viruses within these lineages have caused
outbreaks and human infection in recent years and continue to pose
a public health threat. To better assess the pandemic potential of H7
influenza viruses, we examined the receptor-binding preference
and transmissibility of selected H7 viruses associated with disease
in humans. We found that Eurasian lineage HPAI H7 influenza
viruses tested in this study closely resemble recent HPAI H5N1
viruses with respect to their binding preference for a2-3 SA
receptors. Conversely, we observed an increase in a2-6 binding
among North American lineage H7 viruses isolated between 2002
and 2004. Several of these also showed reduced binding of a2-3 SA
receptors characteristic of human influenza viruses. The most
dramatic shift in receptor specificity was observed for a haman H7
influenza virus that was also transmitted efficiently between ani-
mals by direct contact.

Previous studies have suggested that Eurasian lineage H7 influ-
enza viruses share receptor-binding properties similar to H5 vi-
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ruses, because analysis of the HA crystal structure derived from the
H7 virus A/Tky/Italy/02 demonstrated specific binding to avian
receptor and not human receptor analogues (37). Recent advances
in glycan microarray technology allowed us to more closely analyze
the fine differences in receptor specificity of viruses between both
Eurasian and North American H7 viruses. Here, we used a whole-
virus assay that allowed for examination of the binding properties
of influenza viruses without the need for generation of recombinant
HA. We were particularly interested in the North American H7
viruses, because some of these avian viruses appear to be adapted
to the upper respiratory tract of chickens, which have been shown
to express more a2-6 SA receptors compared with wild aquatic
birds (38); in vivo studies have demonstrated that North American
lineage LPAI H7N2 viruses replicate to high titer in the upper
respiratory tract of chickens and turkeys compared with the gas-
trointestional tract (39-41).

All H7 viruses tested replicated to high titer in the upper
respiratory tract in inoculated ferrets as shown (13); nevertheless,
most isolates tested failed to transmit despite the high titers of virus
shed by inoculated animals. Respiratory symptoms such as sneezing
and nasal discharge were observed in some ferrets inoculated with
each H7 virus (Table 3). However, the frequency and duration of
these symptoms in this model more closely resembled those ob-
served in ferrets inoculated with HSN1 viruses, rather than the
more pronounced respiratory symptoms observed in ferrets in-
fected with human H3N2 or HIN1 viruses (21, 23). With the
exception of NL/219-inoculated ferrets, which exhibit substantial
lethargy after infection (13), ferrets inoculated with H7 viruses in
this study remained alert and playful for the duration of the
experiment, suggesting that frequent interaction between inocu-
lated and contact ferrets is not sufficient for virus transmission to
occur. Additionally, the results of this study indicate that increased
virus binding to «2-6 SA is not sufficient for transmission of avian
influenza viruses to occur, supporting previous studies demonstrat-
ing the lack of transmission of an H5N1 virus with an increased
a2-6-binding preference (21, 22). Recent studies have highlighted
increased complexity of the structural topology among a2-3 and
a2-6 SA and suggest that conformational features of the linkage
contribute to virus binding and could play a role in virus transmis-
sibility (42). This diversity of SA receptors could in part contribute
to the enhanced ability of NL/230 virus to transmit in the ferret
model by direct contact compared with NL/219 virus. Although the
Eurasian lineage H7N7 viruses analyzed in this study displayed
similar receptor-binding properties as measured by glycan array and
hemagglutination assay, Munster et al. (43) found differential
attachment of N1/219 virus and a virus closely related to NI/230 to
tissues in the lower respiratory tract of humans. The enhanced
transmissibility observed with NL/230 virus in this study compared
with NL/219 virus would additionally suggest subtle differences in
the receptor-binding properties between these H7N7 viruses that
have yet to be identified.

Unlike most subtypes of influenza, infection with H7 influenza
viruses frequently results in conjunctivitis in humans and not
respiratory disease (6, 7, 9). Unlike the upper respiratory tract in
humans, which contains a high distribution of a2-6 SA, corneal,
conjunctivial, and lacrimal duct epithelial cells of the human eye
express predominantly «2-3 SA (27, 44, 45). Additionally, the
sialylated secretions (mucins) of both surfaces differ in their SA
content; mucins in the airway epithelium contain o2-3 SA, whereas
ocular secreted mucins contain «2-6 SA (46~48). The high a2-3
SA content of the human ocular surface suggests that avian
influenza viruses would be well suited to use this surface as a portal
of entry. However, although human infection with H7 influenza
viruses frequently results in conjunctivitis, documented cases of
ocular disease after H5N1 infection are rare (7, 49, 50). The
heterogeneity of SA-binding preference observed between H7
influenza virus lineages suggests that, similar to virus transmissi-
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bility, ocular tropism is a complex property that cannot be explained
by SA receptor binding alone.

We identified a LPAT H7N2 virus, NY/107, which was associated
with human respiratory infection and not ocular disease and was
effectively transmitted in the ferret model by direct contact (10).
Among all H7 viruses analyzed by glycan microarray, NY/107
displayed the most dramatic increase in o2-6 SA binding along with
decreased o2-3 SA binding avidity. Strong a2-6 SA binding
appears to be an essential component of conferring transmissibility
in human influenza viruses, because HIN1 variant viruses exhib-
iting the classic avian o2-3-binding preference or dual o2-3- and
a2-6-binding preference were unable to transmit efficiently (23).
These results suggest that a decrease in ¢2-3 SA binding may also
be needed in addition to a2-6 SA-binding avidity. However, despite
similar @2-3 and o2-6 SA binding observed by glycan array with
Ck/Conn virus, this virus was transmitted only by direct contact in
one of three animals. Efficient contact transmission was also not
observed with Tky/VA virus, despite this virus sharing 98.4% HA
amino acid identity with N'Y/107 virus (40). Future studies will allow
for a better understanding of the genetic determinants responsible
for the heightened transmissibility observed with this virus. NY/107
virus, like all H7 viruses tested in this study, did not transmit by
respiratory droplets in the ferret model. However, the efficient
NY/107 virus transmission observed by direct contact in ferrets has
not been observed with HPAI H5N1 viruses (21, 22) and may
indicate the capacity of a N'Y/107-like virus to acquire properties
that would confer efficient transmission by respiratory droplets; this
underscores the importance of studying virus transmissibility by
both routes.

LPAI H7N2viruses have been acquiring additional basic amino
acids at the HA cleavage site since 1994, resulting in a cleavage site
that more closely resembles HPAI viruses (51). These viruses are
also characterized by a deletion of 8 aa in the HA1 proximal to the
receptor-binding site (31); further study will help elucidate whether
this deletion contributes to the enhanced 02-6 SA binding ob-
served among these viruses. The classic avian specificity for o2-3-
linked SA observed with Rhea/NC could suggest a possible corre-
lation between the acquisition of a2~6 SA binding and the
introduction of LPAIH7N2 viruses into the live bird markets of the
northeastern U.S. The finding of enhanced o2-6 SA binding of
North American H7 viruses underscores the necessity for continued
surveillance and study of these viruses as they continue to resemble
viruses with pandemic potential.

Materials and Methods

Viruses. Virus stocks were grown in the allantoic cavity of 10-day-old embroyn-
ated hens’ eggs as described (13). The 50% EIDs, titer for each virus stock was
calculated by the method of Reed and Muench (52), after serial titration in eggs.
AfTexas/36/91 (Tx/91) stock was grown on Madin-Darby canine kidney cells
containing DMEM, 0.025 M Hepes, 0.3% BSA (Gibco Invitrogen), and N-p-tosyi-
t-phenylalanine chloromethyl ketone (TPCK)-treated trypsin (Sigma-Aldrich). Ali
experiments with HPAI viruses were conducted under biosafety level 3 contain-
ment, including enhancements required by the U.S. Department of Agriculture
and the Select Agent Program (53).

Glycan Microarray Anatysis. Analysis of the receptor specificity of influenza virus
using glycan microarrays was done largely as desaribed (33, 54). Custom arrays for
influenza research were produced for the Centers for Disease Control and Pre-
vention on National Heatth Service-activated glass slides (Schott Nexterion) by
using a glycan library provided by the Consortium for Functional Glycomics
[www. functionalglycomics.org; see supporting information (S1) Table 51 for alist
of glycan structures]. Viruses were inactivated by treatment with g-propiolactone
(0.001%) overnight at 4°C with virus inactivation confirmed by two rounds of
passage in eggs. Virus preparations were dituted to 1 mlinto PBS buffer contain-
ing 3% (wtivol) BSA (PBS-BSA) to HA titers of 256-512. Virus suspensions were
appliedtoslidesand the slides were incubated in a closed container and subjected
to gentle agitation for 1 h. Unbound virus was washed off by dipping slides
sequentially in PBS with 0.05% Tween-20 (PBS-T) and PBS. While still wet, slides
were overlaid with corresponding primary antibodies diluted in PBS-BSA, either
goat antiserum A/FPV/Rostock/34 (H7N1) (1:500) (for NL/219, NL/230, and Ck/
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Conn viruses), ferret anti-A/Canada/444/04 (H7N3) (1:500) (for Can/504 and Can/
444 viruses), ferret anti-A/Turkey/VA/4529/02 (H7N2) (1:500) (for Tky/VA virus),
ferret anti-A/NY/107/03 (H7N2) (1:500) (for NY/107 virus), chicken anti-A/Rhea/
NC/39482/93 (H7N1) (1:500) (for Rhea/NC virus), or sheep anti-AVietnam/1203/04
(H5N1}(1:1,000) (for HK/486 virus) (1 h). Slides were washed briefly with PBS-T/PBS
as above followed by application of the appropriate secondary antibody conju-
gates, either anti-ferret-IgG RTC (1:200), anti-goat-igG FITC (1:200), goat anti-
chicken-igY-FITC (1:200) (Genway Biotechnology), or anti-sheep-1gG-FITC (1:200)
in PBS-BSA were subsequently incubated (1 h) followed by PBS-T/PBS washes and
a final wash step in deionized water. After the slides were dried in a steam of
nitrogen, they were immediately scanned (ProScanArray HT slide scanner with
Autoloader, Perkin-Elmer) followed by image analysis with imaGene 6.1 soft-
ware (Biodiscovery).

Ferret Transmission Experiments. Male Fitch ferrets, 7-10 months of age (Triple

. FFarms) and serologically negative by Hi assay for currently circulating influenza
AHIN1, H3N2, and B viruses were used in this study. Ferrets were housed for the
duration of each experiment in a Duo-Flo Bioclean mobile dean room (Lab
Products). Ferrets were inoculated with 107 EIDsg of each virus, and nasal washes
were collected on indicated days p.i. as described (2). Respiratory droplet and
contact transmission experiments were conducted as described (21), with a total
of six ferrets used for each experiment.
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Hemagglutination Assays. Convalescent sera were collected from all ferrets on
days 18-21 p.i/p.c. and tested for H7 specific antibodies by H! by using homolo-
gous virus and 1% horse RBCs as described (55). Hemagglutination assays using
resialyated turkey RBC were performed as described (56, 57) with minor modifi-
cations. Turkey RBC were enzymatically desialyated, followed by resialylation
using either a2-6-(V)-sialyltransferase {Japan Tobacco) or «2-3-{M)-sialyitrans-
ferase (Calbiochem). Assays were performed by using both 4 and 8 hemaggluti-
nation units of virus yielding identical results.
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DISPATCHES

New Saffold
Cardioviruses in
3 Children, Canada

Yacine Abed*t and Guy Boivin*t

In Canada, cardiovirus isolates related to Saffold virus
were detected in nasopharyngeal aspirates from 3 children
with respiratory symptoms. Polyprotein sequence of the
Can112051-06 isolate had 91.2% aa identity with Saffold
virus; however, EF and CD loops of the viral surface varied
substantially.

he family Picornaviridae contains 9 genera: Enterovi-

rus, Hepatovirus, Rhinovirus, Kobuvirus, and Parecho-
virus infect humans, whereas Aphtovirus, Erbovirus, Tes-
chovirus, and Cardiovirus are animal pathogens (/). The
genus Cardiovirus is divided into 2 species: Theiler viruses
and the encephalomyocarditis viruses (EMCVs) (2-5).
Although rats and mice are the .natural hosts for EMCVs,
these cardioviruses have been found to infect many animal
species including pigs, rodents, elephants, macaques, and
humans (6-9). Recently, a new cardiovirus provisionally
named Saffold virus (SAF-V) was isolated from a stool
sample of an 8-month-old girl with fever (10). This virus
is.believed to constitute a novel cardiovirus species and is
more genetically related to Theiler-like virus than to other
known cardioviruses (/0). We report the identification and
characterization of 3 SAF-V isolates recovered from chil-
dren with respiratory symptoms.

The Patients ,

The first patient was a 23-month-old girl who was re-
ferred.on March 6, 2006, to a tertiary hospital for bilateral
otitis media that had not responded to amoxicillin or later to
cefprozil. She also had cough, rhinorrhea, and fever of 39°C.
Her’5-month-old brother had similar clinical signs. Biood-
cultures were negative, as were antigen detection tests for
influenza A and B viruses, the respiratory syncytial virus,
and adenoviruses. After 24 hours, the girl was discharged
with a diagnosis of bilateral acute otitis media secondary to
a viral infection. A nasopharyngeal aspirate collected at the
time of admission was inoculated onto different continuous
cell lines including human lung adenocarcinoma (A-549);
human rhabdosarcoma (RD); transformed human kidney
(293); human colon adenocarcinoma (HT-29); human la-
ryngeal carcinoma (Hep-2); human foreskin fibroblast;
mink lung; and Vero, MDCK, and rhesus monkey kidney

*Centre Hospitalier Universitaire de Québec, Quebec City, Quebec,
Canada; and tinfectious Disease Research Centre, Quebec City,
Quebec, Canada : ‘
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(LLC-MK2) cells. Cultures were incubated for 3 weeks at
37°Cin 5% CO,. A viral isolate (Can112051 -06) with cyto-
pathic effects (round cells) suggestive of a picornavirus was
observed only in LLC-MK2 cells after 6 days of incubation
(Figure 1). An immunofluorescent assay that used the Pan-
Enterovirus Blend kit (Light Diagnostics, Levingston, UK)
gave a moderate fluorescent signal. Nucleic acid extracts
from Can112051-06 were further analyzed with a multi-
plex real-time reverse transcription—PCR (RT-PCR) assay
for common respiratory viruses (influenza A and B viruses,

Figure 1. A) Cytopathic effects (round cells) observed 6 days
after infection of rhesus monkey kidney (LLC-MK2) cells {second
passage) with the Can112051-06 Saffold - virus—like cardiovirus
strain. B) Uninfected LLC-MK2 cells. Magnification x10.

Emerging Infectious Diseases - www.cdc.govi/eid - Vol. 414, No. 5, May 2008



human respiratory syncytial virus, and human metapneu-
movirus) (1/) as well as RT-PCR assays for enterovnruses
and parechoviruses (/2); results were negative.

The supernatant from LLC-MK2-infeeted cells was
treated with DNase and divided into 2 aliquots for DNA
and RNA extractions by using the QIAamp Blood Mini Kit
and QIAamp Viral RNA extraction kits (QIAGEN, Mis-
sissauga, Ontario, Canada), respectively. Nucleic acids
were then used in the sequence-independent single-prim-
er amplification method as described (/3). Amplicons of
* 800-1,200 bp obtained from RNA samples were cloned
" and sequenced: :
: Sequence determination of cloned amplicons followed

by tBLASTx analysis showed similarity of Can112051-06
-sequences with the SAF-V VP4 and 2C sequences-(data
not shown) Subsequent PCR amplifications and sequenc-
ing reactions that used. pnmers selected from our clones
_and the complete SAF-V genome sequence (GenBank ac-
- cession no. EF165067) enabled us to -determine the .com-
plete ‘polyprotein encoding region of the Canl112051-06
“isolate (GenBank accession no. AM922293). This region
* was 6,879 nt long compared with 6,888 nt for the SAF-V -
- polyprotein sequence; nucleotide 1dent1ty between the 2
: strains was. 82.5%. “The, Can112051-06. polyprotein com-
vpnsed 2,293 aa compared with 2,296 aa for the SAF-V

"~ polyprotein; amino aCld ldentlty between the 2 strains was

" '91.2%. Deletions of 1 aa in the VP2 and 2 in the VP1 pro-
teins were found in Can112051-06 with regard to the pro-
‘totype SAF-V strain. ‘As expected, the Can112051-06 and

“SAF-V polyprotems contained 11 putative cleavage sites.

. The 8 aa flanking these sites were conserved; 6:sites were

identical'in the 2 strains, whereas the remaining sites had 1-

" or2-aa differences (Table 1). The resulting 12 proteins of

“Can112051-06 and SAF-V had 76.1%’—100% aa identities
(Table 2). The highest difference level was seen in the L
peptide. In addition to the L peptide, some cardioviruses, in
particular Théiler’s murine encephalomyelitis virus strains
that are associated with persistent infections, contain an al-
temate open readmg frame (ORF), the" so—called L* (14).
As for the prototype SAF-V strain, the Canl 12051-06 puta-
tive L* ORF is unlikely to encode a protein because it has
an:ACG (instead of ATG) start codon (data not shown). In

.~ addition, contrasting with the SAF-V L*, which contained

57 aa, the Can112051-06 L* sequence contained only 34
- aa. Comparison of the L* sequence of Can112051-06 with
" the first 34 aa of the SAF-V L* sequerice showed 60.6%

* identity (data not shown). Four small loops are exposed on

 the virion surface of cardioviruses; 2 are part of the VP2 EF
loop structure, and 2 are part of the VP1 CD loop structure.
The EF loop structure of Can112051-06, which contained
55 aa (residues 274-328 of the polyprotein), had 61.8% aa

identity with that of SAF-V (Figure 2, panel A), Similarly, -

the CD loop structure of Can112051-06, which contained

Table 1. Cleavage sites of Can112051-06 and prototype Saffold

virus cardiovirus polyproteins®

Saffold Cardioviruses in Children, Canada

Cleavage site . Can112051-06 Saffold virus
L/VP4 MEPQ /7 GNSN MEPQ / GNSN
VP4 [ VP2 PLLM / DQNT PLLM / DQNT
VP2 /VP3 LEDQ / SPIP LEAD / SPIP
VP3/VP1 YTPH / GVDN YTPQ/GVDN
VP1/V2A LELQ / NPIS LELQ/ DPiS
2A128B FQLQ/ GGVL FQLQ/ GGVL
2B8/2C . LQQQ /- SPVR LQQQ/ SPIR
2CI3A - LVAQ/ SPGN LVAQ/ SPGN
3A/38 EGEQ/AAYS EGEQ/AAYS
3B/3C LDVQ / GGGK LDVQ / GGGK
*3C /3D LIPQ / GAIV LTPQ/GAIV

“Can112051-06 GenBank accession no. AM922293; Saffold virus - -
GenBank accession no. EF165067.

40 aa (residues 712-751 of the polyprotein),'had 67.5% aa
identity with the SAF-V counterpart (Figure 2, panel B).
Other respiratory samples with picomavirus-like cyto-
pathic effects on LLC-MK2 cells and weakly immunofluo-
rescent signals according to the Pan-Enterovirus Blend Kit
were screened for cardiovirus SAF-V by 'using a specific
RT-PCR assay targeting a 2A-2C encoding region (1,407
nt, 469 aa). With use of this strategy, 2 more cases were

noted in September 2006: 1 in a 19-month-old child hos- -
‘pitalized for suspected bacteremia’ and’a cold and 1 in a
"4-year-old. child hospitalized for nght lung pneumonia and

otitis media. The 2A-2C aa sequences of these additional
isolates' were identical and shared 96.6% and 97.2% aa

" identities with the corresponding regions of Can112051-06

and the protptype SAF-V, respectiyely.

Conclusmns
Our findings suggest a pathogemc role for SAF-V- like
viruses in humans, Although the polyprotein sequences of

the Can}12051-06 strain and the original US strain were -
related, the EF and €D loop structures varied substantially

(61.8% and 67.5%,aa identities, respé@tivel_y). For com-

Table 2. Amino acid identities between Can1 12051»06 and -
‘prototype Saffold virus proteins®

Protein % Identity -
L e ‘ 784
VP4 IR - 97.2
VP2 : ‘ 839
vP3 ; 85.2
. VP1 . 787
2A ' . 95.8
. 2B ~ 976
¢ I R 96.6
3A : : : 100
3B ST -95.0
3¢ o 96.8
3D 97.0

*Can112051-06 GenBank accesslon no. AM922293 Saffoid .virus
GenBank accession no. EF165067. .
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Figure 2. Comparison of amino acid sequences
of the A) EF loop structure (part of the VP2
protein) and B) the CD loop structuré (part of the
VP1 protein) between Can112051-06 and other
cardioviruses including Saffold virus (SAF-V),
Theiler's murine encephalomyelitis virus (TMEV),
Theiler-like virus, encephalomyocarditis virus
(EMCV), and Mengovirus. Amino acid differences
between Can112051-06 and SAF-V are shaded.

parison, the EF and CD loop structure sequences of EMCV
and Mengovirus (2 members of the EMCV species) have
95.2% and 95.1% aa identities, respectively. The differ-
ence between time of isolation of SAF-V (1981) and the
Can112051-06 strain (2006) is unlikely to be responsible
for such a high level of sequence variation. We previously
showed that the amino acid sequences of the VP0O-VP1
capsid region of Canadian human parechovirus 1 strains
isolated from 1985 through 2004 had 89.2% to 97.5%
identities (/2). Because the EF and CD loop structures
are exposed on the viral surface of cardioviruses and thus
constitute an important site for recognition by neutralizing
antibodies (/5), Canl12051-06 and the original SAF-V
might represent different serotypes, although further se-
rologic studies are needed to confirm this hypothesis. The
implication of the weak immunofiuorescent signal seen in
cardiovirus-infected cells stained with an enterovirus an-
tibody is uncertain because of the considerable difference
between the capsid proteins of cardioviruses and enterovi-
ruses, which constitute 2 separate picornavirus genera.

In contrast to the initial recovery of this virus from a
stool sample (/0), our 3 strains were recovered from na-
sopharyngeal aspirate samples of children with fever and
some other respiratory signs. The cardioviruses were the
only pathogens identified in these samples. Whether SAF-V
and the related Canadian strains described in this study
should be classified as a new human Cardiovirus species
or as a new clade within the Theilovirus species remains to
be determined.

Dr Abed is an associate professor in the Department. of
Medical Biology at Laval University, Quebec City, Canada. His
research interests include the study of influenza and emerging re-
spiratory viruses.

Dr Boivin is the holder of the Canada Research Chair on
"Emerging Viruses and Antiviral Resistance at Laval University.
His research interests include antiviral resistance mechanisms for
herpes and influenza viruses and characterization of emerging vi-
ruses. :
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Abstract
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A small focus of hemorrhagic fever (HF) cases occurred near Cochabamba, Boliviz
Specimens were available from only one fatal case, which had a clinical cou
myalgia, and vomiting with subsequent deterioration and multiple hemorrhs
from two of the patient serum samples, and identified as an arenavirus by If
raised against South American arenaviruses known to be associatéd with'
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the New World Clade B arenaviruses, which includes all the pathogénic Sout | '
to bé most closely related to Sabia viris, but with 26% and 30% nucleotide ditf
28%, 15% and 22% amino acid differences for the L, Z, N, and GP proteins, fespéctively, indicating the virus represents a
newly. discovered arenavirus, for which we propose the name Chapare virus. In conclusion, two different arenaviruses,
Machupo and Chapare, can be associated with severe HF cases in Bolivia. i '
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Introduction

The family Arenaviridae is composed of largely rodent-borne
viruses which are divided into Old- World and New World
complexes [1,2]. Lassa and lymphocytic choriomeningitis (LCM)
viruses are considered the most important of Ol World
arenaviruses due to their association with severe disease. The
New World complex is divided into 3 major Clades (A, B and C),
with Clade B containing all the hemorrhagic fever (HF) associated
viruses [3,4,5,6]. These are Junin, Machupo, Guanarito and Sabia
viruses, the cause of Argentine, Bolivian, Venezuelan, and
Brazilian HF, respectively {1]. Three of these viruses, Junin,
Machupo, and Guanarito, can be associated with large HF
outbreaks and untreated case fatalities can be in excess of 30%.
The clinical picture is similar for each of thése diseases. Onset of
symptoms follows an incubation period of 1-2 weeks. Initial
symptoms often include fever, malaise, myalgia and anorexia,
followed approx. 3—4 days later by headache, back pain, dizziness,
nausea, vomiting, and -severe prostration. Hemorrhagic and -
neurologic symptoms, including petechiae and bleeding gums,
tremors, and lethargy are common. About a third of untreated
cases go on to develop more severe neurologic and/or hemor-
rhagic symptoms, with diffuse echymoses, and bleeding from
mucous membranes or puncture sites, and/or delirium, coma and
convulsions. Machupo virus, vectored by Calomys callosus rodents

@ -PlLoS Pathogéns | www.plospathogens.org
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{7], is the only known pathogenic .arenavirus found in Bolivia,
although another arenavirus, Latino virus, has also been isolated
from Calomys callosus in Bolivia [8]. Despite broad distribution of
this rodent host, which is thought to include the lowlands of
Bolivia, east-central Brazil, Paraguay and northern Argentina [9],
Machupo virus-associated HF cases have originated only in the
Beni department in northeastern Bolivia (Figure 1). We report
here the investigation of a fatal HF case which occurred near
Cochabamba, Cochabamba Department, Bolivia in December,
2003, and identify the associated arenavirus as a unique newly
discovered virus, Chapare 'virus.

Results/Discussion

In late 2003 reports were received of a small cluster of HF cases
in a rural area near the Chapare River, close to Cochabamba,
Bolivia in the eastern foothills of the Andes (Figure 1). Exact details
of the number of cases and verification of symptoms were difficult
to obtaid. However, a clinical description and blood specimens
were available for one fatal case. This patient, a 22 year old male,
had lived for the last 4 years in Samuzabeti, a small town located
35 km northeast of Villa Tunari. He was a tailor and also a
farmer. Goca is the main crop in this area. He had no history of
travel and no contact with any case with compatible illness for at

least 4 weeks prior to his discase onset on January 3%, 2004. In

April 2008 | Volume 4 | Issue 4 | 1000047
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addition, no members of case houschold or other close contacts
were affected. His clinical course included fever, headache,
arthralgia, myalgia and vomiting with subsequent dctcnorauon
and multiple hemorrhagic signs and death on January 17%, 2004
(14 days post onset). Based on these symptoms, the pauent was
initially suspected of having yellow fever or dengue HF. However,
initial tests for these agents were negative. Initial IgM, IgG,
antigen capture and RT-PCR testing for Machupo virus or related
arenaviruses were also negative.

Patient specimens were sent to the bidsafety level 4 (BSL4)
containment laboratory at the Special Pathogens Branch' in
Atlanta where virus isolation attempts could be pérformed. These
specimens consisted of 4 acute phase sera, collected on days 4, 7, 9
and 14 post onset of disease. Both the day 7.and day'9 sera yielded
a non-cytopathic virus by growth in Vero E6 cells. These were
identified by immunofluorescent antibody (IFA) staining with

" rabbit polyvalent hyperimmune serum raised against South
American arenaviruses previously known to be associated with
HF (Guanarito, Machupo, and Sabia). RT-PCR ‘analysis of the
virus isolate RINAs amplified a 481 bp fragment which yielded
nucleotide sequence related to known New World Clade B
arenaviruses (which includes all  the South American HF

_associated arenaviruses). Full length virus genome sequences were
successfully determined for the virus isolated from the day 9 post
onset bleed (designated strain 810419) by RT-PCR and sequence
analysis followed by primer walking utilizing newly derived
sequence information. The full length S segment was amplified
by using the 19C primer designed based on the conserved RNA

. ‘termini of New World Arenaviruses [10], whereas the L scgment
was arnplified in multiple sections using a variéty of primers

. (sequences available - on request). Sequence analysis of the

Chapare Virus from Bolivian HF Case

(Tables 1 and S1). The genetic differences between Chapare virus
and other Glade B viruses range from 36—40% for the complete S
segment and 39-40% for the complete L segment (data not
shown). These nucleotide and amino acid sequence divergence
levels are in excess of those seen among strains of the same species
of New World arenavirus (Tables. 2 and S1) {12,13,14]. For
instance, the greatest difference seen between complete S segments-
of virus strains-is 14% (within Allpahuayo virus strains) and 10%
for the complete L segment (among Machupo virus strains) {15].
Chapare virus was found to be monophyletic with Sabia virus
on phylogenetic analysis of the nucleotide or encoded amino acid

- sequences of the complete S or L segment (Figure 2), or NP, GP, L.

or Z ORFs (data not shown). No evidence of reassortment or
recombination between Chapare virus and other arenaviruses was ’
found. There is no overall change in the structure of the trees
except for the previously described [4,5] switch of the Clade A/
Rec viruses from Clade A for the NP gene to Clade B for the GP
gene (data not shown). .
The pathogenicity of the New World Clade B viruses corrclatcs
with the efficient interaction of -their GP1"surface glycoproteins
with the human cellular receptor, transferring receptor 1 (TfR1)
{16,17].. Presumably, Chapare virus will be found to have similar
TfR] binding properties, but this remains to be confirmed. Even
assuming this to be true, the diversity of the GP1 amino acid
sequences of Junin, Machupo, Guanarito, Sabia and Chapare
viruses is such that one cannot easily discern the GP1 domain
involved in high efficiency binding to TfR1 solely on the basis of
amino acid sequence alignments. - o
The relationship of Chapare virus from Bolivia to Sabia virus

_ from Brazil is intriguing. Both these virus clearly cause HF similar

to that seen with Junin, Machupo and Guanarito viruses. The
single HF case associated with a:naturally acquired Sabia virus
infection was reported in the community of Sabi4, in Sao Paulo,

" Brazil in 1990 [18]. The exactsite of éxposure was unclear, as was

the rodent reservoir. Yellow fever was the initial suspicion in the
Sabi4 case and that associated with the Chapare virus infection as

" both had associated extensive liver necrosis. More extensive liver

involvement may be a feature sharéd between these viruses, as it is
not commonly observed with HF associated with the other New -

“World arenaviruses (although it is occasionally seen).

Due to the difficulties of working in -this resource poor rural
region, initial follow up efforts in the Chapare area, did not yield a
more precise description of the reported -cluster of cases with
similar illness, and a limited ecological study did not reveal the

" rodent reservoir of this virus. It is hoped that more extensive

studies in the area will reveal the extent to which Chapare virus
poses a public health problem in this area, and shed light on the

- source of human infection. In summary, thrée arenaviruses are

complete S and L segments confirmed ‘that this virus, proposed .

name Chapare, was a unique member of the Clade B New World
arenaviruses [3,4,5,10,11]. The virus was found to be most closely
related to Sabia virus, but with 26 and'30% nucleotide difference
in the complete S and L segriients, and 26, 28, 15 and 22% -amino

acid ‘differences for the L, Z, N and GP proteins, respectively
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now known to be present in Bolivia, namely Machupo and Latino
viruses (both hosted by Calomps callosus) and Chapare” viruses
(reservoir unknown). Furthermore, both Machupo and Chapare
viruses are agents of fatal hemorrhagic fever in Bolivia. :

Materials and Methods

Diagnostic Amplification & Identification

- Initial virus genetic detection and analysis was conducted on
total RNA extracted from infected Vero E6. cells, using Tripure
Isolation Reagent (Roche Applied Science, Indianapolis, IN}.in a
ratio of 1:5 and incubated at room temperature for a minirnum of
10 min. Total RNA was isolated by using the RNaid Kit following
the manufacturer’s recommendations (Qbiogene Inc., Carlsbad,
CA), and the ‘extracted RNA was reconstituted in 50 u& H,O,
Broadly reactive Arenavirus primers used for initial identification

April 2008 | Volume 4 | lssue 4 | €1000047




Chapare Virus from Bolivian HF Case

Figure 1. Map of Bolivia showing location of the Chapare virus-associated HF case relative to the Beni region where Machupo virus-
associated HF cases originate. The Beni Department boundary is depicted by the checkered line. Multiple Machupo isolates have been recorded
from the Beni Department. The single Latino and Chapare virus locations are labeled and represented as dots.

doi:10.137 V/journal.ppat.1000047.9g001 . :
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Table 1. Differences between Chapare .virus and its closest

species of arenavirus

*Complete nucleotide segments only
bComplete amino acid sequences only :
‘Complete segment or gene sequence.is not avallable for one or both viruses
doi:10.1371/joumal ppat.1000047.t001

-were designed for the L polymerase gene on the L segment
(L4160F, GCA GAR TTY AAA TCI AGA TT; L4393R, CCR
TYI ASC. CAR TCT ITI ACA TC; 1L4292F, GAT CAT TCI
RTY GCI AAT GG; L4841R, CAI All CCT ATA AAI CCW

GAT G) [19] and the glycoprotein gene on the S segment -

(GP878+, GAC RTG CCW GGI GGL TAY TG; GP1126-, TAC
“CAA AAT TTG TGT ART TRC ART AIG G; GP1153+, CCT

TAY TGY AAY TAC.ACI AAA TTT'TGG T; GP1396-, ATG‘

TGY CTR TGI'GTI GGI AW).

Reverse Transcription (RT) was done using 2.5 pL of RNAina

25 L total reaction volume and AMV RT (Promcga Bioscierices,
San -Luis Obispo, CA) at 42°C for 1 hr. Subsequent PCR

“amplification using FastStart Taq DNA Polymerase with GC-rich”

solution (Roche) was performed using 5 pL of the completcd RT

reaction in a 25 UL reaction volume with the, following cycling . -

conditions: 2 min at 95°C, (36 cycles of 1 min at-95°C, 1 min at
45°C, 2 min at 72°C), and a final elongation of 10 min at 72°C.
Resulting-DNA products were visualized. and purified using a 1%

. agarose gel, and the Qjagen Gel Extraction Kit (Qiagen, Valericia, .

CA). PCR products were scqu'enccd directly (without cloning)
using the corresponding primers in a BigDye Terminator v3.1
reaction on a 3100 Genetic Analyzer (Apphcd ‘Biosystems, Foster

City, CA). Sequence was further analyzed using Sequencher (Genc

Codes Corporation, Ann Arbor, MI).

Complete Genome Amplification & Analysis .
To obtain full length sequence for-each segment, alignments-of

all New World arenavirus complctc genomes were used to design -
primers for the conserved regions. (available upon request). The full-

length S segment was generated following the Thermoscript RT-

PCR system s directions{Invitrogen, Carlsbad, CA) and using the "

19C primer [10]. Reverse transcription was conducted at 55°C,
- ‘while the ‘PCR profile was the same as_stated above with an
increased extension time of 4 minutes.

Different fractions of the full-length L-RNA were amphﬁcd
using 2-step or 1-step- RT-PCR protocols and following -the
manufacturer recommendations. Briefly, cDNA was synthesized in
the first approach using ‘10 pl of purified RNA, specific primers,
dNTPs and Superscript III (Invitrogen) in 20 pl. reactions.
Ampﬁﬁcddqh reactions were done using 5 ! of cDNA, specific
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relative,. Sabia, are similar to differences between other distinct .

Virus Nucleotide® Amino Acid®
s § segment L segment oz
Chapareto 26 30 22 15 26 28
Sabia
e 2‘5:2“7 n 1820
Machupo to  31-32 33 32-33 19-20 27-28 21
Tacanbe ’

27 ) T 38482
Parané to 29 n/a“ n/a
Flexal

Chapare Virus from Bolivian HF Case

.| Table 2. Differences among strains of the same species of

arenavirus
Virus Nucleotide® Amino Acid® )
Allpahuayo 14 n/a“ 2
BearCatiyon ./ 3 S D
Catarina 9 “n/a 5
el T 708, wa o
Guanarito 2 n/a 1
Machupo 13 10 5
PRERES T e s
0

Whitewater 0.4 . 'n/a
Arroyo .

*Complete nucleotide segments only

®Complete amino acid sequences only

“Complete segment or gene sequence is not avallable for more than one strain
doi:10.1371/joumal.ppat. 1000047 tOOZ

'pnmcrs dNTPs and Platinum Taq DNA' polymerase ngh

Fidelity (Invitrogen) in 50 ul reactions. Altematxvcly, 1-step
RT-PCR: were performed using 3 pl of RNA, dNTPs and the K
enzyme blend provided by the SuperScript IIT One:Step RT-PCR
Systemn with Platinum Taq High F'dehty (Invxtrogen) ina 50 pl
reactions. Amplification reactions were analyzed in TBE/a agarose
gels and DNA bands purified using- QIAqmdc ‘Gel Extraction Kit -

" -(Qiagen). Sequencmg reactions. were done as described .above.

Phylogenetic Analysis

All full length S and L segmcnt séquences : avaxlablc in Gcnbank
were used to compute pairwise uncorrected genetic distances using
PAUP 4.0b10 {Sinauer Associates) for the  following. viruses:

Allpahuayo, Amapari, Chapare, Flexal, Guémarito Junin, Ma-. -

chupo, Parana, Pichindé, Pmta] Sabxa Tamnbc Tamxaml, and
Whitewater Arroyo. <
A representative . sub-set of full length scqucnccs (omxttmg

' multiple near identical variants of the same virus) were included in

a Bayesian phylogenetic analysis, Sequence alignments were done
with ClustalX [{20] with manual adjustmcnts -and phylogenetic

- analysis was done with MrBayes3 1.2 [21] uslng the GTR+HG
‘model in 2 runs of: 500,000 generations using thc sequence of

Pichindé virus as r.hc outgroup

Supportmg Information

Table §1. Ammo acxd distances for complctc L and YA gencs and
nucleocapsid and glycoprotein_genes of the Ncw World arenavi-

. ruses

Found at: doi: 10. 1371/ _]oumal ppat 1000047. $001. (0 34- MB PDF)
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Figure 2. Phylogenetic analysis of the complete S and L. RNA segments of New World arenaviruses. Complete S and L segments for New
World arenaviruses wefe analyzed by Bayesian inference of phylogeny (MrBayes3.1.2) using the sequence of Pichindé virus as the outgroup. Multiple
strains are grouped with small brackets and large brackets group the arenavirus Clades: A, A/Rec, B, and C. The Genbank accession numbers for the §
segment analysis include: Allpahuayo (AY012686), Amapari (AF485256), Bear Canyon (AY924392), Catarina (DQ865245), Chapare (EU260463), Cupixi
(AF512832), Flexal {(AF485257), Guanarito (NC_005077), Junin (AY619641, NC_005081, AY746353), Latino (AF512830), Machupo (AY924208, AY619645,
. AY924202, NC_005078), Oliveros (U34248), Parana (AF485261), Pichindé (NC_006447), Pirital (NC_005894), Sabia (NC_006317), Tacaribe (NC_004293),
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Tamiami (AF485263), and Whitewater Arroyo (AF485264). The Genbank accession numbers used for the L segment analysis include: Allpahuayo
(NC_010249), Amapari (AY924389), Bear Canyon {AY924390), Chapare (EU260464), Cupixi (NC_010252), Guanarito {NC_005082), Junin (NC_005080,
AY819707, AY619640), Machupo (AY624354, NC_005079, AY619644), Oliveros (NC_010250), Pichindé (NC_006439), Pirital (NC_005897), Sabia
{NC_006313), Tacaribe (NC_004292), Tamiami (AY924393), and Whitewater Arroyo {(AY924395).

doi:10.1371/journal.ppat.1000047.g002
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An active haemovigilance programme characterizing the safety
profile of 7437 platelet transfusions prepared with amotosalen
photochemical treatment

J. C. Osselaer,! J. P. Cazenave,? M, Lambermont,® 0. Garraud,* M. Hidajat,® L. Barbolla,® R. Tardivel,” L. Defoin,’ C. Waller,?
1. Mendel,2 J. P. Raidot,2 G. Kandel,2 R. De Meuter,? P. Fabrigli,* D. Dehenau,’ J. L. Arroyo,® F. Padrén,® H. Gouezec,’
M. Corral,® M. Jacquet,® D. Sundin,® L. Lin® & L. Corash?

'Blaod Transfusion Center, Cliniques Universitaires de Mont Godinne, Universite Catholique de Louvein, Yvoir, Belgium
2EFS Alsace, Strasbourg, France

3Service du Sang, Belgian Red Cross, Erasme University Hospitol, Brussels, Belgium

*EFS Auvergne Loire, St. Etienne, France

SBlood Transfusion, AZ St Jan AV, Brugge, Belgium :

Centro de Hemoterapia y Hemodonacion de Castitlo y Leon, Valladolid, Spain

TEFS Bretagne, Rennes, Fronce

8Hospital Universitario de Selamanca, Salamanca, Spain

3Cerus Corporation, Concord, CA, USA

Soui”

V@X Sﬁ ﬂgﬁ mis Background An active haemovigilance programme was implemented to survey
adverse events (AE) associated with transfusion of platelets photochemically treated
with amotosalen and ultraviolet A (PCT-PLT). The results of 5106 transfusions have
already been reported. Here we report the results of an additional 7437 PCT-PLT
transfusions. '

Methods The focus of this ,ongoirig haemovigilance programme is to document all
AEs associated with PCT-PLT transfusion. Data collected for AEs include: time of event
after starting transfusion, clinical descriptions, vital signs, results from radiographs
and bacterial cultures, event severity (Grade 0-4) and causal relationship to PCT-PLT
transfusion. .

Results One thousand four hundred patients (mean 60 years, range 1-96) received
PCT-PLT transfusions. The majority of the patients {53-4%) had haematology-oncology
diseases and required conventional chemotherapy (44-8%) or stem cell transplantation
(8-6%). Sixty—eight PCT-PLT transfusions were associated with AE. Acute tra nsfusion
reactions (ATR), classified as an AE possibly related, probably related, or related to
PCT-PLT transfusions were infrequent (n = 55, 55/7437 = 0-7%) and most were of
Grade 1 severity. Thirty-nine patients (39/1400 = 2-8%) experienced one or more ATRs.
The most frequently reported signs/symptoms were chills, fever, urticaria, dyspnoea,
nausea and vomiting. Five AEs were considered severe (= Grade 2); however, no
causal relationship to PCT-PLT transfusion was found. Repeated exposure to PCT-PLT
did not increase the likelihood of an ATR. No cases of transfusion-related acute lung
injury and no deaths due to PCT-PLT transfusions were reported.

Conclusions Routine transfusion of PCT-PLT is well-tolerated in a wide range of

Received: 25 October 2007, . . L. .
et ctover ‘patients. ATRs related to PCT-PLT transfusion were infrequent and most were of mild
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{ntroduction

INTERCEPT Blood System™ uses a photochemical treatinent
methodology [PCT: amotosalen plus ultraviolet A (UVA)
light] to inactivate viruses, bacteria, protozoa, and leucocytes
in platelet (PLT) and plasma components. The PLT system
received CE Mark registration in Europe in 2002. Several
centres in Belgium, Spain, Norway and Italy began routine
production of PCT-PLT in 2003. An active haemovigilance
programme was immediately implemented to prospectively
collect information on PCT-PLT transfusions administered
to patients in routine clinical settings. Prior to CE Mark
registration, the safety data of PCT-PLT were primarily
obtained from controlled clinical trials with a limited number
of patients and predetermined clinical and safety end-points
[1-3]. The postmarketing haemovigilance programme pro-
vided a means to extend the characterization of the safety
profile of PCT-PLT in routine use and in a broad patient
population. The results of the first 5106 PCT-PLT transfusions
have already been reported [4]. With additional centres in
Belgium, Spain and France starting with the routine production
of PCT-PLT, the database of this haemovigilance programme
bhas been expanded [5].

In March 2007, the Canadian Blood Services and Héma-
Queébec organized a consensus conference to provide recom-
mendations and guide decision-making about new pathogen
inactivation technologies [6]. The panel, consists of nine
healthcare professionals and members of the public, stressed
the importance of postmarketing surveillance studies in the
introduction of new technologies for blood safety. The panel
recommended that specific studies should be mandated by
the regulatory authorities and supported by the manufacturers
and/or the blood suppliers. Postmarketing surveillance for
adverse reactions to pathogen inactivation products should
be linked to the national haemovigilance systems if possible.
Depending on the new pathogen inactivation technologies
implemented, specific additional surveillance outcomes
may be identified. The panel also suggested that chronically
transfused patients might serve as an ideal surveillance
population to identify long-term toxicities of pathogen-
inactivated products.

The active haemovigilance programme described in this
study is in concordance with these recommendations.
Although this programme is not directly linked to a specific
country haemovigilance system nor designed to replace any
existing haemovigilance system, the format of data collec-
tion is modelled after the data collection format of the French
haemovigilance system for documentation of transfusion
incidents [7]. The focus of the current programme is on all
adverse events (AE), serious or non-serious, occurring after
the start of PCT-PLT transfusion. Following the recent report
of 5106 PCT-PLT transfusions [4], here we report the results
of an additional 7437 transfusions of PCT-PLT.

Materials and methods

General study design

This was a prospective observational active haemovigilance
study. The objective of this study was to document the
transfusion safety profile for approximately 7500 PCT-PLT
components prepared with the INTERCEPT Blood Systemn™
for platelets (Cerus Europe BV, Leusden, the Netherlands).
These compoenents were prepared in three centres in Belgium
(CTS UCL Mont Godinne, CTS Brabant-Hainaut and AZ
Sint Jan AV), three centres in France (EFS-Alsace, EFS-
Auvergne-Loire and EFS-Bretagne), and one centre in Spain
(CHEMCYL Valladolid) and administered to thrombocytopenic
patients under standard clinical practice in hospitals. There
were no randomization requirements, no inclusion criteria
and no exclusion criteria of patients other than the need
to receive a platelet transfusion. Baseline demographical
information was collected on all study participants. Patients
were assigned a centre-specific study number to preserve
anonymity.

Patients who received transfusions of PCT-PLI were moni-
tored for any AEs after the start of each platelet transfusion,
which is consistent with European Haemovigilance Network
recommendations for surveillance of AE to transfusion of
labile blood components, and with those of national trans-
fusion services [7,8]. However, in this study, reporting was
obligatory for all PCT-PLT transfusions in each participating
clinjcal site. A transfusion report was required for each PLT
transfusion regardless of whether or not an AE occurred. In
case of occurrence of an AE, additional clinical and biclogical
information was collected to allow diagnosis and assessment
of causality and severity. The data in the final database
were anonymous and were reported on a per-transfusion
basis as well as on a per-patient basis. Transfusions associadted
with serious AEs were reported in greater detail.

Study report forms

The report form used for this haemovigilance programme
was developed on the basis of haemovigilance report forms
already in use. Information was collected in several broad
categories: patient demographic/diagnosis data, platelet com-
ponent characteristics, transfusion events and documentation
of all AEs following transfusion. An acute transfusion reaction
(ATR) was defined as an AE possibly related, probably related,
or related to a PCT-PLT transfusion.

AEs were graded for clinical severity within the following
categories: Grade 0, isolated dysfunction without clinical or
biological manifestation; Grade 1, absence of immediate or
long-term life-threatening effects; Grade 2, long-term life-
threatening effects; Grade 3, immediate life~threatening
effects; and Grade 4, death. For cach transfusion, the following

© 2008 The Author{s)
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signs, symptoms and specific clinical syndromes were
evaluated: fever, chills, cardiac arthythmia, hypotension,
itching, urticaria, skin rash, jaundice, pulmonary cedema, bron-
chospasm, dyspnoea, respiratory distress, nausea, vomiting,
lower back pain, chest pain, abdominal pain, and shock.
Any other findings could be entered as free text including
refractoriness to platelet transfusion and transfusion-related
acute lung injury. The following available clinical signs were
recorded before and after each transfusion: temperature,
blood pressure and heart rate. Abnormal clinical laboratory
values, results of diagnostic procedures (chest X-ray) and
bacterial cultures from patient and blood component
sources were recorded when associated with an AE following
a PCT-PLT transfusion.

Preparation of platelet components

Platelet components were collected by apheresis or from
whole blood-derived buffy-coat procedures according to each
centre's standard operating procedures. Volunteer donors
were screened and tested for transfusion-transmitted
pathogens according to cach centre’s standard operating pro-
cedures in compliance with respective national regulations.

All components were leucocyte reduced, either by filtration,

(Sepacell PLS-5A, Asahi Biomedical, Tokyo, Japan) or process
leucodepletion (Amicus Cell Separator, Fenwal, La Chatre,

France; Haemonetics MCS+, Haemonetics, Braintree, MA,

USA). Platelet components containing 2-5 to 60 X 10" platelets
were suspended in approximately 35% plasma and 65%
lnterSQlT“ (Fenwal) and prepared with amotosalen (nominal
final concentration 150 tm) and a 3 Jfcm? UVA light treatment
-(320-400 nm) according to the manufacturer’s instructions
for use (Cerus Europe BV). After treatment, PCT-PLTs were
stored up to either 5 or 7 days under temperature-controlled
conditions . (22 * 2 °C) before release for transfusion
depending on country-specific regulations. PCT-PLTs were
transfused before the expiration period of 5 days in France
and Spain or 7 days in Belgium. PCT-PLTs were not cultured
for bacterial contamination prior to release, and PCT was
used in place of y-irradiation for prevention of transfusion-
associated graft-versus-host disease in all sites except EFS-
Bretagne and EFS-Auvergne-Loire.

Platelet transfusion

PCT-PLT components for transfusion were ordered according
to standard indications within each institution. The investi-
gator was requested to report all AEs occurring after starting
transfusion without time limitation. The severity of each AE
(Grade 0O to 4) and the relationship of each AEs to the preced-
ing platelet transfusion were assessed by the investigator.
Seripus adverse events were reported in greater detail with a
narrative for each event.

© 2008 The Author{s)

Statistical analyses

All statistical analyses, summary tables and data listings
were generated using SAS® version 8-2. The primary assess-
ment of safety was the proportion of ATR for the transfusions
reported. The safety profile of PCT-PLT transfusions included
information on: the number of PCT-PLT transfusions by
patient; the patient population profile; the characteristics of
the PCT-PLT transfused, and the characteristics of the AE
following platelet transfusion.

Data were analysed on a per-transfusion basis as well as
on a per-patient basis. All PCT-PLT transfusions administered
to a patient were included in the full analysis population,
whether or not an AE was observed. Data were summarized
for each parameter using descriptive statistics {mean, standard
deviation, median, and range).

Statistical tests were performed for the exploration of risk
factors only (multivariate logistic regression at 10% signifi-
cant level). The variables included in the analysis are patient
gender, age, previous transfusion history, type of platelet
concentrate, y-irradiation, antigen-matching and primary
diagnosis. Variables with descriptive statistics were tested for
P values and odds ratio. The number and proportion (%) of
transfusions with one or more AEs were summarized overall,
by seriousness and by relationship to platelet transfusion.
Corresponding 95% confidence intervals (Cls) were calculated.

The non-survival analysis method is a univariate analysis
of the number- of transfusions received before the first
occurrence of an AE. Only patients with at least one AE were
considered in this analysis.

Results

Distribution of transfusions

A total of 7437 PCT-PLT transfusions were documented
between May 2005 and January 2007 and constitute the full
analysis population. The distribution of transfusion reports
were: 3057 (41-1%) from CTS UCL Mont Godinne, 2048
(27-5%) from EFS-Alsace, 899 (12-1%) from CTS Brabant-
Hainaut, 572 (7-7%]) from EFS-Auvergne-Loire, 440 (5-9%)
from AZ Sint Jan AV, 381 (5-19%) from CHEMCYL, and 40
(0-5%) from EFS-Bretagne.

Patient demographics

A total of 1400 patients underwent transfusion (Table 1). The
majority of the patients were male {61-3%) and the mean age was
60 years (rangk < 1-96 years). Haematology-oncology diseases
treated by chemotherapy (44-8%) and stem cell transplantation
(8-6%) constituted 53-4% of the primary diagnoses and

" therapies among the transfused population. A significant

number of patients receiving platelet transfusion (17-2%)

Journal compilation © 2008 Blackwell Pulﬂishing Ltd., Vor Sanguinis (2008) 94, 315-323

44

i’




318 I C. Osselaer er al.

Table 1 Patient and transfusion demographics

Patient Transfusion
characteristics characteristics
{n = 1400) {n=7437)
Gender (n, %)
Male 858 {61-3%) 4354 (58-5%)
Fernale 542 {38-7%) 3082 (41-4%)
Unknown 1{<010%)
Age (years)
Mean £SD 6001178
Median 63
{minimum-maximum) {<1-96)
Location of transfusion
Intensive care unit 1145 (15-4%)
Outpatient 382 (5-1%)
Reqular ward 5908 {79-4%}
Unknown 2 (< 0-1%)
Hacmatolegy-oncology patients 748 (53-4%) 5463 (73-5%)}
Conventional chemotherapy 627 {44-8%) 4481 {60-3%)
Stem cell transplant 121 (8-6%) 982 (13-29%])
Surgery patients 241 (17-2%) 480 (6-5%0)
Cardiovascular surgery 209 (14-9%) 349 (4-79%)
Solid organ transplantation 32 {2-3%) 131 {1-8%)
Other diagnoses 397 (28-4%) 859 (11-6%)
Missing diagnosis 14 {1-0%} 635 (8-5%)
History of a previous transfusion
Yes 837 (59-8%) 5029 {67-6%)
No 398 (28-4%) 1927 (25-9%)
Unknown 165 (11-8%) 481 (6-5%)
If "Yes' - did they experience a transfusion-related adverse event?®
Yes 53 (6:3%) 382 (7-6%)
No 779 (93-00%) 4639 {92-2t0)
Unknown 5 {0-6%) 8 (0-2%)

*For per-patient basis, the denominator is 837; for per-transfusion basis, the
denominator is 5029.

were undergoing cardiovascular surgery or solid organ
transplantation. Other diagnosés included haematology-
oncology diseases not treated by chemotherapy and/or stem
cell transplantation and surgery other than cardiovascular
surgery and solid organ transplantation.

Of all patients, 837 patients (59-8%) had already received
another blood product before the first PCT-PLT transfusion
(Table 1). Among these patients, 53 patients (6:3% of 837) had
a history of a transfusion reaction of some type in the past.

Platelet component demographics

Most of the PCT-PLT units were manufactured from apheresis
platforms (4822, 64-8% vs. 2615, 35-2% for buffy-coat prod-
ucts). The majority of the PCT-PLTs (7357, 98-9%) were not
treated with y-irradiation [9]). Among the 7437 PCT-PLTs

transfused, only 2-5% (189 units) of platelet units were
human leucocyte antigen-matched products.

A large proportion of the PCT-PLT components {5308,
79-4%) were transfused in non-intensive care hospital wards
{Table 1). Intensive care units and day-hospital units were the
location for 15-4 and 5-1% of the PCT-PLT transfusions (1145
and 382 units, respectively). While most of the PCT-PLT com-
ponents {5463, 73-5%) were administered to haematology-
oncology patients, only 480 PCT-PLT components (6-5%})
were administered to surgery patients.

The majority of the PCT-PLT components (5029, 67-6%)
were administered to patients who had already received
another blood component before the first PCT-PLT transfu-
sion (Table 1). Among these transfusions, 382 (7-6% of 5029)
PCT-PLT components were transfused to patients reported to
have experienced at least one transfusion reaction in the past.

Number of transfusions per patient

The range of PCT-PLT transfusions per patient was 1 to 129,
with an average of 53 + 10-8 (median: 2) transfusions per
patient. Of the 1400 patients who received PCT-PLT trans-
fusions, 529 patients (37-8%) received only one PCT-PLT
transfusion during this study period, 418 patients (29-9%)
received two to three transfusions, and 453 patients (32-4%)
received more than four PCT-PLT transfusions during the study.
The majority of patients who received multiple transfusions
had a primary diagnosis of haematology-oncology diseases
treated by chemotherapy and/or stem cell transplantation.
Two patients from CTS UCL Mont Godinne received more

than 100 transfusions analysed in this haemovigilance plan.
'One 56-year-old man (JO1-636) who was treated by con-

ventional chemotherapy for haematology-oncology disease
received 129 PCT-PLT components within an 8-month period
{from April 2006 to November 2006). One 72-year-old
wonian (JO1-071) who was also treated by conventional
chemotherapy for-haematology-oncology disease received
107 PCT-PLT components within a 10-month period (from
August 2005 to November 2006).

Adverse events following PCT-PLT transfusion

On a per-transfusion basis, 68 (0-9% of 7437 transfusions,
95% Cl: 0-7-1-2%) transfusions were associated with an AE
(Table 2). Of which, 55 (0-7% of 7437 transfusions, 95% Cl:
0-6-1-0%]) were classified as ATR possibly related, probably
related, or related to PCT-PLT transfusion. Only five cvents
were classified as serious AEs (0-07%, 95% Cl: 0-0-0-28b),
and were judged as probably unrelated to the PCT-PLT trans-
fusion based on the observation of alternative causes for
symptoms and no evidence of causal relationship to the platelet
transfusion. No cases of transfusion-related acute lung injury
and no deaths due to PCT-PLT transfusions were reported.

© 2008 The Author(s)
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Table 2 Clinical characteristics of adverse events (AE)

On a per-transfusion basis n (% = n x 100/7437)

On a per-patient basis a1 (% = n X 100/1400)

AE attributed AE attributed
to platelets SAE attributed to platelets SAE attributed
Any AEs (ATR)® SAE? to platelets®®  Any AEs {ATR)® SAEs* to platelets*®
Number with at icast one event 68 (0:9%) 55 (0-7%) 5{<01%) 0{0-0%) 45(3-2%) 39 (2-8%) 4(0-3%) 0 (00%]}
Signs/Symptoms®
Fever 8 (0-1%) 6 (< 0-1%) 0 {0%) - 7 (0-5%) 5 [0-4%) 0 {0%) -
Chills 45 (0-6%0) 40 (0-5%) 2(<01%) - 31 (2-20) 28 (2-0%) 1{<01%) -
ftching 2{<0-1%) 2(<01%) 0 {0%) - 1{<01%) 1{<01%) 0 (0%) -
Hypotension 1{<01%) 0{0%) 1(<01%) - 1{<01%) 0(0%) 1(<01%) -
Urticaria 14 (0-2%) 14.(0-2%0) 0 (0%} - 13 (0-9%) 13 (0-9%) 0 {0%) -
Skin rash : S(<01%). 5(<01%) 0 (0%) - 4 (0-3%) 4 (0-30%) 0 (0% -
Dyspnoea 8 (0-1%) 6 (< 0-1%) 1{<0100) - 8 (0-6%) 6 (0-4%) 1(<0-1%) -
Respiratory distress 1{<01%) 0(0%) 1(<01%) - 1{(<0-1%) 0{0%) 1(<01%) -
Nauseajvomiting 8 (0-19) 5 (< 0-1%) 3(<01%) - 5 (0-4%) 3 (0-2%) 201% -
Lower back pain 6(<01%) 1{<01%) 0 (0%) - 2 (0-1%) 1{<01%)} 0 (0%) -
Chestfabdominal pain 1{<01%) 1(<01%) 0 (0%) - 1{<0-1%) 1({<01%) 0 (0%) -
Shock 4(<01%) 0(0%) 4(<01%) - 3 (0:2%) 0 {0%) 3{02%) -
Tachycardia 4(<01%) 3(<01%) . 1{<01%) - 302%)  2{01%) 1{<01%) -
Other 14 (0-2%) 11 (0-1%) 3(<01%) - 12 (0-9%) 10 (0-7%) 3 (0-29%) -

Serious adverse event (SAE): long-term life threatening, immediate life threatening or death.
bCausal relationship that was possibly related, probably related, or related to PCT-PLT transfusion.
“Number of signs/symptoms can exceed number of AE due to multiple observed signsfsymptoms per AE.

On a per-patient basis, 45 patients (3-2% of 1400 patients)
who received at least one transfusion of PCT-PLT experienced
the 68 AEs following PCT-PLT transfusions (Table 2). Only
39 patients (2-8% of 1400 patients) experienced the 55 ATRs
attributed to the PCT-PLT transfusion. Four patients experi-
enced serious AEs following transfusion; however, no causal
relationship to PCT-PLT transfusion could be established.

All AEs regardless of the relationship with the PCT-PLT
transfusion occurred within 4 h after the start of the platelet
transfusion (mean time: 0-3 £ 0-51 h, 0-3-3 h). The majority
of AEs (64, or 94-1% of 68 AEs) occurred in patients who were
not premedicated. The other four AEs occurred in patients
who were premedicated with antipyretic or antihistaminic
drugs, or corticosteroids.

Characteristics of clinical signs and symptoms
associated with adverse event

On a per-transfusion- basis, the most frequently observed
symptoms/signs (= 0-1% of the total 7437 transfusions) were
fever, chills, urticaria, dyspnoea, nausea and/or vomiting
(Table 2). The individual incidence of each of the following
signs/symptoms was < 0-1%: itching, hypotension, skin rash,
respiratory distress, lower back pain, chest or abdominal

© 2008 The Authorls)

pain, shock and tachycardia. All additional symptoms
included in the category of other, such as refractoriness to

platelet transfusion, hypertension, cephalea, pain in the leg,
flush, malaise, cyanosis, oxygen desaturation and volume"

overload were also reported but with an individual incidence
of less than 0-1%. Most of ATRs were described principally as
Grade 1 chills and urticaria {Table 2).

On a per-patient basis, the most frequently observed
symptoms/signs (= 0-5% of the total 1400 patients) were
fever, chills, urticaria and dyspnoea (Table 2). Approximately
0-1-0-4% of the population {from 2 to 5/1400) experienced
the following signs/symptoms: skin rash, nausea/vomiting,

- shock, lower back pain and tachycardia. Clinical refractoriness
to transfusion, hypertension, headache and flushing were
additional symptoms reported in the category of ‘other’ Less
than 0-1% of the study population {only 1/1400) experienced
the following signs/symptoms such as hypotension, itching,
respiratory distress and chest/abdominal pain. Symptoms
such as pulse increase, leg pain, cyanosis, oxygen desaturation,
malaise and/ar volume overload were also reported in the
category of ‘other’ Most of the ATRs consisted of various
combinations of fever (0-4%), chills (2-0%), urticaria (0-9%),
skin rash {0-3%), dyspnoea (0-4%), nausea/vomiting (0-2%),
tachycardia (0-1%) and others symptoms (0-7%}) (Table 2).
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Serious adverse events following platelet
transfusion

During the course of this surveillance, five serious AEs
were reported following transfusion of PCT-PLT (0-07%,
95% CI: 0-0-0-2). These serious AEs were assessed by the
investigators as being ‘unrelated or probably unrelated’ to
the PCT-PLT transfusions and were attributed to progression
of underlying illness.

Patient BO1-201 was admitted to hospital for a presumed
pulmonary infection postchemotherapy. Additional co-
morbidities at the time of admission were septic shock, acute
renal insufficiency, neutropenia and thrombocytopenia.
Intravenous (i.v.) antibiotic therapy was initiated and multiple
transfusions of blood products (including PCT-PLT) were
administered. One hour after administration of the second
platelet unit, the patient complained of dyspnoea, respiratory
distress was found to be hypotensive and tachycardic. Severe
volume overload was determined to be the aetiology and
treatment with oxygen, diuretics, and dialysis was initiated.
The event was assessed by the investigator to be unrelated to
the PCT-PLT transfusion.

Patient JO1-382 experienced chills, nausea and sudden
hypotension during transfusion with PCT-PLT. Prior to this,
the paﬁent had received at least four PCT-PLT transfusions
with no AE. The transfusion was stopped and the patient was
treated with i.v. fluids and recovered. Four days later, the
paticnt experienced a second hypotensive episode after trans-
fusion, which was spontaneously resolved. Subsequent to this,
the patient received 19 additional PCT-PLT transfusions
without any clinical sequelae. This patient did not receive any
angiotensin-converting enzyme (ACE) inhibitors. Based on the
patient’s history and the lack of transfusion reaction with the
subsequent transfusions, the investigator assessed both of
these events as probably unrelated to PCT-PLT transfusion.

Patient JO1-516 was admitted for ischaemic cardiomyopathy
and underwent double vessel coronary artery bypass graft
(CABG). The patient’s postoperative recovery was complicated
by a significant decrease in blood pressure, which occurred 10
min after start of transfusion of PCT-PLT. Despite vasopressor
support and a 6-min period of circulatory arrest, the patient’s
condition continued to deteriorate and he died. Cause of death
was attributed to an aortic dissection with major disseminated
infravascular coagulopathy and mesenteric infarct and was
assessed by the investigator as unrelated to the PCT-PLT
transfusion.

Patient JO1-780 experienced a hypotensive episode, cyanosis,
oxygen desaturation and nausea approximately 30 min after
receipt of PCT-PLT. The patient received oxygen therapy to
treat the event and recovered. The patient had received two
units of PCT-PLT before and one unit after this event with no
adverse reactions. The patient had a history of hypotensive
episodes, which occurred in the absence of transfusions.

Based on the patient's history, the cvent was assessed by the
investigator as probably unrelated to the PCT-PLT transfusion.

Risk factors associated with adverse event

The risk for AE was not correlated with the patient gender,
age, or antigen-matching. The risk for AE for patients who
already had been transfused before the first PCT-PLT trans-
fusion appeared trending higher compared to patients who
did not have any transfusion history; however, the difference
did not reach statistical significance (P = 0-0675; odds ratio:
1-875; 95% CI: 0-956-3-648). Bufty-coat-derived platelets
were associated with a lower risk for AE compared to apheresis
products (P = 0-0305; odds ratio: 0-473; 95% CI: 0-240-0-932).
Irradiated PCT-PLTs were of similar risk for AE compared to
non-jrradiated PCT-PLTs (P = 0-0848; odds ratio: 6:344; 95%
CI: 0-776-51-862). No trending can be concluded because,
of the total 7437 platelet transfusions, only 80 PCT-PLT
components were Y-irradiated in EFS-Bretagne and EFS-
Auvergne-Loire. Haematology-oncology patients treated
with conventional chematherapy were at a higher risk for AE
compared to the other patients {P<0-0001; odds ratio: 7-660;
95% CI: 3-014-19-467).

Number of transfusions prior to the first
adverse event

Among the 45 patients who experienced at least one AF,
repeated exposure to PCT-PLT did not appear to increase the
likelihood of a transfusion reaction (Table 3). By using the
non-survival analysis method (a subset analysis for patients
with any AE only), the mean number of transfusions before
first AE occurrence was 8-8 + 10-1 (median = 4, minimum = 0
and maximum = 37).

Discussion

In accordance with the recommendations made by the panel of
the Canadian Consensus Conference, an active haemovigilance
programme has been implemented in Europe to document
the occurrence of AE following transfusion of PCT-PLT [6].
To date, two reports have been prepared. The first report was
on the transfusion of 5106 PCT-PLT components administered
to patients in five Furopean centres from QOctober 2003 to
December 2005 [4]. The second report as described here was
on additional 7437 transfusions of PCT-PLT administered to
patients in seven European centres between May 2005 and
January 2007. This represents a total of 12 543 independent
transfusions documented to date. There are no overlaps of PCT-
PLT transfusions reported in this haemovigilance programme.

Overall, the incidence of ATR attributed to transfusion of
PCT-PLT in both of the haemovigilance reporting periods was
infrequent either on a per-transfusion basis (0-8% first period
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Table 3 Number of PCT-PLT transfusions per patient prior to the first
adverse event (AE)

Number of PCT-PLT transfusions Full analysis population

per patient until first occurrence of AE (n = 1400}
1 11 {0-79%)
2 6 (0-430%)
3 3 {0-21%)
4 3 {0-21%0)
s 1 {0-07%)
6-10 3 (0-64%)
11-19 6 (0-43%)
220 6 (0-43%)
N {non survival analysis method) 45

Mean £ SD 88 1 101
Median 4
Minimum-maximum 0-37

vs. 0-7% second period) or on a per-patient basis (4-9% first
period vs. 2-8% second period). The slightly higher occur-
rence-of ATR per patient in the first reporting period was not
Surprising. because the mean number of transfusions per
patient (7-8 * 16-2) [4] was greater than those observed in the
second period (5-3 * 10-8). All ATRs were mild in severity and
of Grade 1 or lower. No serious AE from both study periods
were attributed specifically to transfusion of PCT-PLT.

On a per-transfusion basis, the prevalence of ATR has been
reported in the literature to range from 18 to 31%; however,
these studies were conducted some years ago with variable
methods of platelet preparation [10-13]. More recently, the
incidence of moderate and severe ATR has been reported from
the trial to reduce alloimmunization to platelets (TRAP) study,
which examined 8769 platelet transfusions in 598 patients
during induction therapy for acute leukaemia [14]. In the TRAP
study, platelet components were prepared by four methods:
unfiltered pooled whole blood-derived platelets in plasma;
filtered pooled whole blood-derived platelets in plasma;
unfiltered pooled whole blood-derived platelets in plasma
treated with ultraviolet B illumination to reduce human
leucocyte antigen sensitization; and filtered apheresis plate-
lets in plasma. None of thiese components were prepared with
additive solutions. The overall incidence of ATR was 2-2% of

- transfusions, and 22% of patients experienced at least one
ATR. In comparison to the TRAP trial, the current study in
which all grades of reactions were reported, both the proportion
of transfusions associated with a reaction was lower (0-7%)
as well as the proportion of patients (2-8%) experiencing at
least one ATR. The use of 65% InterSol, a platelet additive
solution, in the preparation of PCT-PLT may partially con-
tribute to the reduction in the observed incidence of ATR [15].

The incidence of ATR in this study can be compared to data
from the haemovigilance network in France [7]. In France,

© 2008 The Author(s)

data were reported for transfusion reactions, with an incidence
of four events per 1000 platelet components (0-4%), during
2 years in which the reporting system was first implemented.
However, this may be an underestimate since each whole
blood platelet concentrate in a pool was tabulated as an

individual component transfusion. More recently, Kerkhoffs

et al. [16] compared the incidence of transfusion reactions
for leucoreduced pooled platelet components in plasma and
plasma with additive solution in a study of 168 patients and
765 transfusions. They observed an incidence of 5-5% of
transfusions with reactions for platelets in plasma vs. 2-4%
of transfusions for platelets in a mixture of plasma and
additive solution. On a per-patient basis, 9-5% of patients
transfused with platelets in plasma plus additive solutions
had reactions compared to 15-5% of patients supported with
platelets suspended in plasma. These results further support
the role of the platelet additive solution, InterSol, in the
reduction of ATR observed in this study.

During the conduct of this study, an interim analysis of
2497 PCT-PLT transfusions administered to 606 patients in

. the three regions of France (EFS-Alsace, EFS-Auvergne-Loire

and EFS-Bretagne) wasAperformed [5]. Of the 606 patients, the
predominant recipients of PCT-PLT were haematology-
oncology patients (46-2%); 39-9% treated with chemotherapy
and 6-3% treated with stem cell transplantation. These propor-
tions were only slightly lower than those in the overall study
population of 1400 patients, yet only four of the 606 patients
{0-7%) reported an AE, including one serious AE of volume
overload classified as unrelated to PCT-PLT transfusion. This
low rate of AE observed in the French regions could contribute
to the overall low incidence of ATR per patient in this study.

Premedication in patients did not play a role in the overall

low incidence of ATR reported in this study. Information on

premedication was only requested in case of AE occurrence.
Of the 68 transfusions with occurrence of at least one AE,
only two antipyretic, two antihistaminic and one cotticosteroid
were prescribed to patients. For the majority (64/68, or
94-1%) of these transfusions, patients were not premedicated.

The active haemovigilance programme described here
is a prospective observational study, which was designed to
assess the safety profile of PCT-PLT in routine clinical
practice. The data from this programme represent the largest
prospective experience to date for recording potential AE
associated with platelet transfusions compared to prior studies
of retrospective design and limited in size {10,16-18]. The
present study was designed to be consistent with European
haemovigilance practices in which reporting of all grades of
transfusion-associated reactions has been emphasized
[7,8).In contrast to other haemovigilance studies, obligatory

Teporting for all platelet transfusions was required irrespec-

tive of whether or not an AE was observed. The current study
focused on AE that could be linked to PCT-PLT transfusions
after starting transfusion, but there were no specific limitations
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on when adverse events could be reported following
transfusion. Based on the patient population supported
with platelet transfusion, the study was designed to capture
repeated transfusions of PCT-PLT within patients to determine
potential effects of repeated exposure to this new type of
platelet component.

A limitation of the present study is the absence of a
concurrent control group receiving conventional platelet
components with which to determine a comparative baseline
incidence of ATR. However, because reporting is obligatory,
the expected outcomes of this active haemovigilance study
are the increase in clinical experience with transfusion of
PCT-PLT, the detection of unexpected AE following PCT-
PLT transfusions in patient populations and for indications
that were not studied previously in a formal clinical trial
environment, and the establishment of a safety database for
future reference.

In the current study, which was specifically designed to
capture all grades of transfusion reactions, the prevalence of
ATR per transfusion, was at the lower range of those reported
in studies with conventional components. Prior exposure to
PCT-PLT transfusions did not increase the likelihood of an ATR.
The overall incidence of ATR was jower than that previously
reported either on a per-transfusion or on a per-patient basis.
Based on experience in a broad patient population, platelet
compenents prepared with amotosalen photochemical treat-
ment were well-tolerated in routine clinical practice.
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Executive Summary

In late March 2008, a hospital clinician was alarmed by the occurrence of 3 conéecutive
deaths of pre-school children presented with severe pneumonia and rapid deterioration in
Fuyang City, Anhui Province. Up until mid-April; 15 children have died of similar severe

. illness.

Through an investigation conducted by local ‘and national experts, the disease was -
confirmed on April 23 as hand, foot and mouth disease (HFMD) caused by enterovirus 71
(EV71) based on epidemiological, clinical, laboratory and pathological evidence.
Retrospective case investigation revealed that a simultaneous outbreak had occurred in the
same area with children presenting skin rashes and blisters over hand, foot, and mouth.

Anhui is an inland province located in the central part of Southeastern China. Fuyang City
is located in the Northwest region of Anhui Province and has a total population of 9.76
million. The city covers a total area of 9,700 km® with one of the highest population .
densities in Mainland China (1,000 per square km). In Fuyang City, from March 1 to May 9,
there have been 6,049 reported cases of HFMD of which 353 were severe and 22 were fatal
(case fatality rate 0.4%). Retrospective case- fmdmg identified 302 cases'that occurred
between March 1 and April 22, and revealed that the first case occurred as early as March °
10. The number of cases according to date of onset began to increase in early April; and °
peaked on April 28. The number of reported HFMD cases in Fuyang Clty decreased after . -
May'5. - :

Among the 6,049 reported cases in Fuyang City the gender ratio was 1.9:1. The age range

varied between 28 days to 18 years of age, with 78% of the cases being 3 years of age or

younger. All districts/counties in Fuyang City reported HFMD cases, with more than half

the cases concentrated in 3 districts (Yingzhou, Yingdong and Yingquan). Epidemiological -
investigation revealed no contact between the 22 fatal cases, but environmental -
investigation of the cases' households revealed poor hygienic and sanitary conditions

among these families. '

The clinical symptoms of the mild HFMD cases are those typical for the disease: rashes on
hands and feet, mouth and buttocks, fever and general malaise. All fatal cases presented an acute
onset of fever and influenza-like-illness without catarrhal syndrome. The cases' condition
- rapidly deteriorated, developing tachypnea, cyanosis, and some presented seizures. All fatal
cases died of serious complications such as neurogenic. pulmonary oedema due to EV-71°
infection.

Testing initial cases for a variety of diseases, including seasonal and avian influenza
A/H5NT and SARS did not reveal any conclusive results. Subsequently, additional testing
by Chinese Center for Disease Control and Prevention (CDC) was performed and several

3
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expert consultations were conducted. On April 23, a variety of specimens such as
pharyngeal swabs, lung puncture fluid, lung tissues, and blood from 5 out of 12 fatal cases
(42%), tested EV71 nucleic acid positive by RT-PCR. EV71 genotype C4 viruses were
isolated from specimens of both mild and fatal cases. These sequences from mild and fatal
cases exhibited high homogeneity. Isolated EV71 virus strain gene sequences were
uploaded to GenBank on May 7.

From January 1 to May 9, 2008, 61,459 HFMD cases and 36 deaths were reported through
the disease reporting system in Mainland China. The number of reported cases increased
sharply after the disease became notifiable on May 2, and with cases being reported from
nearly all provinces. The 5 provinces with the highest number of reported cases are
Guangdong (11,374), Anhui (9,235), Zhejiang (6,134), Shandong (4,566) and Henan
(3,230).

Because of the change in reporting policy and increased awareness of the general public
about the disease, it is expected that there will be an increase in the number of reported
HFMD cases in the upcoming weeks and months from Anhui Province and the rest of
China.

Non-polio enteroviruses are common and exist worldwide. Although infection often has no
symptoms and goes unnoticed, these viruses are also associated with occasional outbreaks
in which a larger-than-usual number of patients develop clinical disease, sometimes with
fatal consequences.

The initial high case fatality rate of the Fuyang City outbreak, 2.9% (18/610) from March 1
to April 23, was likely attributed to the following factors: rapid disease progression, late
clinical presentation, and limited local medical capacities. Although there is no specific
treatment for enterovirus infections and a vaccine is not currently available, once the
aetiology of the disease was known and early treatment was provided to the severe patients,
the case fatality rate decreased considerably to 0.07% (4/5439) from April 24 to May 9, due
to enhanced surveillance and implementation of prevention and-control measures.

There have been a number of outbreaks of EV71 HFMD in the Asia-Pacific region since
1997. In China, outbreaks have been reported in Taiwan Province in 1998 (>100,000 cases
and 78 deaths) and in Shandong Province in 2007 (38,606 cases and 14 deaths).

The Government of China has shown its strong technical and political commitment to
control the disease in Anhui and other provinces. In addition to enhanced surveillance,
training was provided to clinicians and public health workers to improve the treatment
success rate by increasing early -identification and treatment of severe HFMD patients.
Guidelines were written to enable early admission of severe cases to the hospital, and
critical cases to the paediatric ICU. After that, the case fatality rate has decreased
substantially. In addition, to prevent HFMD, the Ministry of Health started a nationwide
health campaign, stressing the need for personal hygiene, in particular hand washing
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practices.

In the future, China is devoted towards énhancing the above-mentioned measures for the
prevention and control of HFMD in China. As part of the efforts to implement the
International Health Regulations, IHR(2005), China will further strengthen ‘the early
warning system by immediate notification of clustering of clinically abnormal and severe
cases, as well as increasing international collaboration and information exchange.
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Section 1 - Investigation of HFMD Outbreak in Fuyang
City, Anhui Province

I. Background

Anhui is an inland province located in the central part of Southeastern China, (29°41'~
34°38’N; 114°54'~119°37'E). Two rivers, Yangtzc-; and Huhe, run through the province,
which covers an area of 139,600 km® Anhui Province is geographically composed of
flatlands with a subtropical climate and has an average annual rainfall accumulation of
about 900mm. Fuyang City is located in the Northwest region of Anhui Province and has
Jurisdiction over 8 counties (district, city) and 172 municipalities. The total population is
9.76 million, including approximately 1.5 million migrant workers that work outside of the
city. The city covers a total area of 9,700 km? with one of the highest population densities
in Mainland China.

Figure 1. Geographic location of Fuyang City, Anhui Province in China.
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II. Outbreak identification and investigation — chronology of

events

1.  Outbreak identification and reporting

From March 27 to 29 of 2008, 3 infants with severe pneumonia were admitted to the
paediatric unit of Fuyang First People's Hospital. All 3 cases died despite medical treatment.
These abnormal circumstances alarmed the health—care staff and were reported to the
Fuyang Health Bureau.

2. Anhui provincial health department organized investigation

- After receiving the report on March 31, Anhui Provincial Health Bureau subsequently
dispatched 3 expert groups that included epidemiologists, clinicians and laboratory experts
to conduct a field investigation. However, the etiology could not be confirmed at the time,
and on April 15, the Anhui Health Bureau asked for assistance from the Ministry of Health

(MOR).
3. MOH expert groups assist investigation and control

After receiving the report on April ‘15, MOH immediately dispat'clfed an eéxpert team
comprised of epidemidlogis'ts, laboratory experts, clinicians and-pathologists. The group
arrived in Fuyang City on the morning:of April 16 to' assist with the epidemiological
investigation and with the implementation of prevention and control measures. Afterwards,
more experts were sent to Fuyang City to pa{tmpate in the outbreak investigation and
prevention and control. ‘

4. Detection, reporting and treatment of severe cases

Since April 17, based on the main clinical manifestations of early fatal cases, a case’
definition for severe case screening was formulated and continuously revised in order to
detect severe cases at an early stage and increase treatment effectiveness. All health-care
facilities in the jurisdiction area were requested to evaluate the admitted suspect cases.

Severe cases are defined as having two of following clinical manifestations:
1. Continuous high fever. A
2. Weakness, vomiting, irritability, etc.
3. Abnormal White Blood Cell count (WBC)
4, ngh blood glucose level.
5. Poor blood circulation of limbs.
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All detected severe cases should be admitted for further monitoring and receive in-patient
treatment. All the severe cases detected by these criteria were subjected to further
investigation and analysis.

5. Laboratory testing and autopsy findings

From April 19 to 21, Chinese CDC performed Reverse Transcriptase Polymerase Chain
Reaction (RT-PCR) tests on samples from 12 fatal cases and 11 mild HFMD cases. Five of
the fatal cases and 8 of the mild cases tested positive for EV71. Gene sequencing of
samples from fatal and mild cases strongly exhibited homogeneity. Findings of the
autopsies conducted on three fatal cases strongly suggest viral infection.

6. Etiology confirmation and outbreak information dissemination

On April 22, Chinese CDC organized an expert group composed of epidemiological,
clinical, laboratory and pathology experts to review the existing evidence. The experts
concluded that enterovirus 71 (EV71) was the main pathogen of the HFMD outbreak in
Fuyang City, Anhui Province. :

On April 23, MOH confirmed the experts' findings and recommendations. On the same day,
Anhui Health Bureau disseminated the Fuyang City EV71 outbreak information on its
website.

7. Surveillance and review of HFMD

- Based on the results of the epidemiological investigation and etiology study, Fuyang City.
started HFMD case surveillance reporting on April 22, requesting all township and county
or higher level healthcare facilities to report cases on a daily basis. Each day, surveillance
output is reported through the submission of reporting forms. Since May 2, the web-based
national disease surveillance and information management system also includes HFMD.

HFMD was not previously categorized as a notifiable infectious disease. In order to assess
the local HFMD situation prior to the reclassification of HFMD, the MOH expert team
conducted a HFMD retrospective review of data from all health care facilities in the
jurisdiction area and were able to identify 302 unreported cases. The HFMD case inclusion
criteria were as follows:
Any child under the age of 7 that sought medical care in F uyang City between March 1 and
April 21, 2008 which showed the following symptoms:
e Skin rash or blisters on hand, foot, or buttock, and fever, in the absence of measles,
‘rubella, chicken pox and other febrile eruption diseases -
 Skin rash or blisters on hand, foot, or buttock, and ulcers on the mouth or mucous
membrane, in the absence of drug-related rash or allergy.
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HI. Investigation Results of Outbreak in Fuyang City
1.. Characteristics of the outbreak

From March 1 to May 9, 2008, there were 6,049 HFMD cases reported in Fuyang City, of
which 3,023 were hospitalized, 353 were severe and 22 were fatal. Hospitalized cases
accounted for 50% of cases, and severe cases accounted for 6%. The incidence rate' was
69.6/100,000; while the case fatality rate was 0.4%. The 6,049 reported HFMD' cases
include 302 HFMD cases that occurred from March 1 to April 22 and were identified
through retrospective investigation:

A. Descriptive analysis of re'ported cases

1) Epidemiological data
- The gender ratio of the 6,049 reported cases in Fuyang City was 1 9:1 with 3,938 male
cases and 2,111 female cases. The age range of the reported cases in Fuyang City varied
between 28 days to 18 years of age; while the highest number of cases was found in
children 3 years of age or younger (4,708 cases, 78% of all cases). (See Table 1).
Table 1. HFMD cases by age group and gender from March 1 to May 9, 2008 in Fuyang City

A B Male : - Female ' .. Total.
Age group — - - — —
(years) ‘Nov. -of Ineldence No. of Incidence No. of Incidence
cases rate (%o) cases rate (%) . - cases rate (%)
0- 450  7.05 265 449 715 - 582
1- 1083 17.85 578 10.36 1661 14.27
2- . 964 16.26 505 927 1469 1291
3. 579 9.85. 284 5.26 863 7.65
4 366 620 166 3.06 - 532 4.69
5- 225 3.76 126 229 351 3.06
6 102 1.78 67 166 - 169 1.73
7-. 50 150 33 1.49 83 1.49
8 . 42 0.88 18 0.57 6 076
9- 19 0.33 10 " 0.26 29 030
10- . 15 . 004 22 0.07 37 0.05
11-15 40 0.07 33 0.07 73 0.07
16-20 1 ~0.00 2 0.01 3 ~0.00
- 20-, 000 000 0.00 0.00 - 0.00 0.00
Unknown = 2 - 2 -4 -
Total. - 3938 091 2111 '052 : 6049 0.70

All districts/counties of Fuyang City: have reported cases w1th the highest number of cases
1n Yingzhou, Ymgdong and Yingquan districts. The total number of cases reported by these

' HFMD cases reported by routine and enhanced surveillance system durmg the penod divided by the total
population in Fuyang city
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districts accounted for 56% (3,288 cases) of the total number of reported cases in Fuyang
City. The incidence rates were also high in these three mentioned districts. (See Figure 2).
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Figure 2.Incidence rate by districts/counties of Fuyang City, from March 1 and May 9, 2008
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Figure3. The number of HFMD cases by date of onset and date of reportmg

Figure 3 shows the distribution of the number of HFMD cases by date of onset and date of
reporting between March 1 and May 9, 2008 in Fuyang City. Although the first case of
HFMD occurred on March 10, the number of cases by date of onset only began to increase
in early April with a rapid increase between April 16 and April 28. After April 28, the
number of cases by date of onset decreased while the number of reported cases by date of
reporting continued increasing until May 5 after which it decreased as well. Flgure 4 shows
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the total number of hospitalizations and diécharges of HFMD cases per day between April
25 and May 7 in Fuyang City. The daily number of hospitalizations of HFMD cases, which
had been increasing since April 29, has been decreasing since May 7.
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Figure 4. Daily number of hospitalizations and discharges of HFMD cases
fromy April 25 to May 9 in Fuyang City.

2) Clinical symptoms. :

The clinical symptoms of 65 HFMD cases hospitalized in Fuyang No.2 Hospital were

analyzed “The main clinical ‘symptoms included rash, fever, general malaise, cough, and

vomltmg Rashes (vesicular leswns/ulcers) were mostly localized on hands and feet (99%),
mouth (80%) and buttocks (42%). Some cases had rashes around the anus, on their face or
" all over their bodies. (See Table 2). Routine blood tests were conducted on blood specimens

L col ected from 39 of the 65 HFMD cases studied. The obvious abnormality reported was an
; elevated Whlte Blood Cell count (WBC) in 15 (39%) of the samples tested.

: Table 2. Clinical symptoms of hospitalized HFMD cases in Fuyang No.2 hospital (n=65).

Chmca:l symptom : Number of cases ~  Proportion (%)
" Rash 65 100
. Fever R 46 ' .70.8
General malaise _ 20 . 308
Coughing 12 18.5
Vomiting 8 123
Nasal discharge 6 9.2
~ Convulsion 4 6.2
Nasal occlusion - 2 3.1
' ,Dianfheé ' 2 3.1
Stiff neck - 2 3.1
Pharyngalgxa 1 L5
‘Myoclomc thtchmg 1 1.5
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Figure S. Comparison of HFMD critical case prior (left) aliaftr (right)
medical treatment was provided at Fuyang No.2 hospital.

Figure 6. The rash of HFMD. cases (on hand and foot)

B. Descriptive analysis of the initial fatal cases

1) Epidemiological data
As of May 9, there have been 8 consecutive days without any fatalities reported by Fuyang
City (See Figure 7). For the 22 fatal cases reported to date in Fuyang City, the gender
distribution was 1:1, and age ranged between 3 months and 3 years. The number of fatal
cases in age groups 0-, 1-, 2-, 3- was 6, 8, 7, 1, which accounted for 28%, 36%, 31% and
5% of cases, respectively. Fatal cases were reported in 5 districts and counties: Yinzhou
(9, 41%), Yingquan (6, 27%), Funan (4, 18%), Linquan (2, 9%) and Yindong (1, 5%). The
majority of fatal cases occurred in rural areas. Figure 5 shows the distribution over time

according to date of onset of the fatal cases reported in Fuyang City between March 23 to
April 29.
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. Number- of death

cases detenorated raptdl" an duratlon between onset of symptoms and the
‘hospitalization was 2 :de between -hospitalization: and " time of ‘death, 10 hours; and
between onset of symptoms and time of death, 3 days. Further information on clinical
conditions of the patlents and their treatment will be discussed in an upcoming report.

Table 3. Clinical symptoms of fatal HFMD cases in Fuyang No.2 hospital (n=15)

Clinical sym ptom Number of cases proportlon%
Fever : 15 100
Tachypnea .14 93.3
“Oral cyanosis- - - 12 -80.0 .-
Pink foaming at the mouth- 9 60.0
Cougliing T 46.7
~ Vomiting: 8 533 .
Myoclonic twitching 3 20.0
Rash on palm, sole 6 40.0 -
Nasal discharge 2 133
Stiff neck 2 13.3

3) Exposure information
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Epidemiological investigation revealed no contact between the 22 fatal cases. All cases
were infants who had remained at home during the 2 weeks before the onset of symptoms.
One case had been vaccinated within 1 month prior to onset of symptoms. Environmental
investigation of the cases' households showed poor hygienic and sanitary conditions. All
affected families had their own water well and none reported abnormalities after food
consumption. In addition, no livestock die-off"was reported by the affected fam111es or in
their village.

2. Laboratory testing and autopsy findings

A. Laboratory testing of fatal cases

Between March 31 and April 16, the Anhui CDC tested 53 specimens (including whole
blood, blood serum, pharyngeal swab and tissue samples), collected from fatal HFMD
cases, and tested negative for the presence of seasonal influenza, avian mﬂuenza A/HSNl
Severe Acute Respiratory Syndrome (SARS) .

On April 18, the Institutes of Infectious Diseases and the Viral Diseases Prevention and
Control of Chinese CDC received from Anhui CDC the prevxously collected specimens:
pharyngeal swabs, lung puncture fluid, lung tissues, and blood. Laboratory testing for the
presence of bacteria and virus was performed immediately on these samples. Specimens
from 5 out of 12 fatal cases (42%) tested EV71 nucleic acid positive by RT-PCR. Of these 5
EV71 positive fatal cases, the lung tissue specimen’tested EV71 positive for 1 case, and for
another.case, the intestinal lymph nodes, cerebrospinal fluid, spleen, thymus, kidney, brain,
heart and lung specimens were EV71 positive. For the other 3 cases, the. pharyngeal swabs
were EN71 positive.

Viral isolation was conducted on 6 different types of specimens (including lung tissue,
mouth efflux, brain tissue and pharyngeal swab) collected from 3 fatal cases. For all 6
specimens, the nucleotide sequencing and neutral antibody tests revealed the presence of
EV71 virus.

B. Autopsy ﬂndings °

The autopsy on 3 fatal cases performed by the Medical School of Beumg University, found
mainly changes in the brain, lung, heart and lymphatic system. There were cases of severe
brain oedema; lung congestion/pulmonary oedema, no significant lung inflammation, no
significant bleeding; cardiac enlargement; hypertrophy of tonsils, thymus and Iymph nodes;
spleen enlargement; normal kidney, liver and gastrointestinal organs. The autopsy findings
were overall consistent with the clinical manifestations and disease progression and
strongly suggest viral infection. ‘
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Figure 8. Left: brain tissue; Middle: spinal eord; Right: bronchus.

C. Etiology study of mild HFMD cases

RT-PCR testing for EV71 was performed on 122 different Fuyang city specimens,
including pharyngeal and rectal swabs, of which 61 (50%) were EV71 nucleic acid positive.
Gene homogeneity was 99.3%-99.97% between the virus strains from mild cases (2 strains
were from 2 mild cases) and fatal cases (6 strains were from 3 fatal cases). No
neuro-wrulence site mutation of the EV71 virus was found among severe and mild cases
‘through bioinformatics analysis. Chinese CDC submitted the gene sequences of 3 virus
strains to GenBank onMay 7. -

Se.'c-tion 2~ S-ituatiOn-Analysis of HFMD in China
I. Current HFMD situation in China

1. HFMD surveillahee

Before May 2, HFMD was not categorized as a notifiable disease and reporting of HFMD

relied “on voluntary reports submitted by clinicians. Since May 2, HFMD has been
established as a class “C” notifiable disease, indicating that all clinical and laboratory
diagnosed cases are reported through the web-based . national disease surveillance and
- information management. system. Standards for the clinical and laboratory diagnosis of
HFMD cases can be viewed at the MOH website.?

2. Occuri'ence of HFMD in China

From January 1 to May 9, 2008, 61,459 HFMD cases were reported through the dlsease
reporting system in Mainland China. The incidence rate was 4.5/100,000, and the: number

% Guideline for HFMD prevention and control, 2008 edition
http://202.96.155.170/publicfiles/business/htmlfiles/mohjbyfkzj/s3577/200805/34775.htm
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of deaths reached 38 (case fatality rate 0.06%).

1) Time distribution

The number of reported cases has been increasing since April 28. After categorizing HFMD

as a class “C” notifiable disease, reported cases increased
distribution and date of reporting see Figure 9.
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‘ Figure 9. The number of HFMD cases by date of onset and date of reporting

from April 10 to May 9, 2008 in China.

2) Geographical distribution
HFMD cases were reported in nearly all provinces in Mainland China. The 5 provinces
with the highest number of reported cases are Guangdong (11,374), Anhui (9,235),
Zhejiang (6,134), Shandong (4,566) and Henan (3,230).
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Figure 10 Incidence rate of HFMD cases by provinée in China from Jan 1 to May 9,2008

16

69



3) Age distribution ‘
Children under 5 years old accounted for 92% of reported HFMD cases primarily affecting
children ages 1 to 3 years old. See Figure 11 for the age distribution of HFMD in China.
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Figure 11. HFMD cases by age in China from Jahuary 1 tod May 9, 2008

3. Laboratory surveillance -

After the:identification of the HFMD . outbreak in Fuyang City, Chinese CDC immediately
began national-wide targeted laboratory testing on samples from HFMD cases. Up until
May 9, 582 cases of samples from 23 provinces were tested positive for HFMD: EV71
accounted for 54.5%, Coxsackie A16 accounted for 17.4%, and other enteroviruses
. accounted for 28.2%.

II. HFMD and EV71 infection in China before 2008

The first reported case of HFMD in Mainland China occurred in Shanghai in 1981. Since
then, cases have been reported in Beijing, Hebei, Tianjin, Fujian, Jilin, Shandong, Hubei,

Qinghai and Guangdong. In 1995, the Wuhan Virus Institute isolated the EV71 virus from
HFMD patients. In 1998, Shenzhen CDC also isolated the EV71 virus from HFMD patients.

There was a HFMD and Herpangma outbreak in Taiwan in 1998 with two outbreak waves -

occurrmg in June and October. 129,106 cases were reported from sentinel sites with a total
of 405 severe cases and 78 deaths The majority ‘of cases were children under 5 yearsof age,
and complications mcludcd cncephahtls aseptic meningitis, pulmonary
oedema/pneumorrahagia, acute ﬂacmd paraly'sis ‘and myocarditis. In 2007 an HFMD
outbreak occurred in Linyi City of Shandong Province with a total of 39,606 cases reported,
mcludmg 14 deaths. Laboratory testing found the main etiologic pathogen to be EV71
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while other detected enteroviruses were Echo3 and/or Coxsackie A 16.

In 2007, there were 83,344 HFMD cases identified in Mainland China. The incidence rate
was reported as 6.34/100,000 with a total of 17 deaths and case fatality rate of 0.02%. The
majority of cases occurred in pre-school children (41% of all cases) or children in childcare
centres (52%). Prevalence of HFMD in children under 10 years of age was high, accounting
for 97% of total reported cases. The HFMD peak season is from May to October with most
cases occurring between June and July (see figure12). However, this may vary since HFMD
was not a notifiable disease before 2008. Information on reported cases may be incomplete.
Therefore, it is difficult to make an accurate estimation of past HFMD incidence in China.

50
45 + —¥—1in 2006

—®—in 2007
40

35
30
25
20

Proportion (%)

15
10

) | st

Jan Feb Mar Apr  May Jun Jul- Aug Sep Oct Nov Déc
’ Month

Figure 12 The distribution of HFMD cases by month in 2006 and 2007

Secﬁ?on 3 — Outbreak Response in Fuyang City, Anhui

Province and China

I. The main response to the Fuyang City outbreak

1. Strengthening of disease surveillance

A case definition was formulated for the early detection of severe cases and for the
reporting, monitoring and treatment of severe cases.

A HFMD reporting protocol was developed, and daily reporting of HFMD is performed
at each level of health care facility. ' o

- 18

71



2. Optimization of patient treatment and minimization of case fatalities

This includes the following: :

o Designation of specific hospitals for the treatment of EV71-infected patxents who are
allocated ‘as follows: mild cases are sent to nearby health care facilities while
designated hospitals focus on the treatment of severe cases.

« Establishment or expansion of paediatric Intensive Care Unit (ICU) facilities.

o Organization of training for high-level national and provincial ICU staff.

» Formation of a specialized medical team and 24 hour on-duty service.

e Enhancement of the momtorlng and evaluation of severe cases based on clinical

- symptoms. :

e Clinical monitoring for the early detection of severe cases and early provision of

interventions to mlmmxze fatalities.

3. Establishment of patient triage system and control of nosocomial infections

Consultation rooms were established for febrile rash cases within fever outpatient clinics or v
paediatric wards to prevent cross-transmission among other sick children. Medical
equipment is required to be sterilized for each patient. '

‘4/. Strengthening technical guidance, developmeht of technical training and

improvement of health-care workers' professional skills

The national e)ipert team has developed guidelines for the diagnosis and treatment of
HFMD cases, a sampling plan and a HFMD prevention and control plan. The national
expert ‘team also assisted Anhui CDC in improving the quality of the provincial -
enterovifus laboratory. National and provincial experts have guided designated hospitals
_in Fuyang City in establishing paediatric ICU and have trained 350 health-care workers -
from 16 cities in- Anhui Province on clinical diagnosis, ICU treatment, and
epidemiological and sampling skills..
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Figurel3. Dr. Zhu Chen, Chinese Minister of MOH, visiting a HFMD patient
at-Fuyang No.2 People’s Hospital on April 26, 2008.

5. Establishment of full scale prevention and control measures with focus on

childcare centres and schools.

a. Emphasis placed on promoting health education, dlssemmatmg information
leaflets, and increasing public awareness.

b. On a daily basis, the teacher in charge is expected to perform a clinical

" inspection of pupils in the morning, record absenteeism and reason for
absence, and report daily to the local CDC. If children present with fever and
rash, their parents should be informed immediately and should seek medical
care. Subsequently, disinfection of the school building, tables, chairs and
personal belongings should be conducted.

c. Childcare centres are to disinfect toys daily, and tables should be disinfected
before and after meals. Before and after class, the classrooms and school
building shpuld be ventilated by opening doors and windows for over 30
minutes.

d. When 3 or more febrile/rash cases are identified per class it should be
reported to the local CDC .immediately. The class should be divided or
dismissed in order to avoid a possible outbreak situation.

6. Establishment of HFMD medical fee assistance measure

In order to ensure the prompt treatment of HFMD patients, especially severe cases,
Fuyang City enacted the HFMD medical fee assistance measure to reimburse medical
fees based on the new rural cooperative medical care regulation. This measure also
provides free treatment to severe HFMD cases from low income familiés.
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II. Current response measures for HFMD in China

HFMD is a common acute infectious disease that is widespread, and the peak season ranges
from May to October. Following the death of many severe HFMD cases in Fuyang City and
in order to strengthen HFMD surveillance, prevention and control and to protect the
public's health, the Chinese Government enacted the: following major outbreak response
measures at the national level: ‘

1. Formation of a HFMD taskforce group

On May 3, MOH formed a taskforce group for HFMD prevention and control with Minster
Zhu Chen as team leader and deputy ministers Qiang Gao, Xiaowei Ma, Qian Liu as vice
team leaders. There are 4 subgroups within this taskforce group: coordination, outbreak
prevention and control, medical treatment and information dissemination.

2. Categorization of HFMD as a class "C" notifiable disease, prompt detection and

treatment of severe cases and understanding the outbreak situation

Since May 2 2008 MOH categorized HFMD as a class "C" notifiable disease. All health
care centres should report HFMD according to the "Law on notifiable mfectmus diseases

* prevention and control of the People’s People's Republic of China" and "Infectlous diseases
report. management regulatlon

3. Strengthening implementation of HFMD prevention and control measures

a. On Apﬁl 29, MOH issued the "Notice on the enhancement of HFMD and other
enterovirus infectious diseases prevention and control measures.” It requested all
levels of health departments to emphasize prevention and control of HFMD and
other infectious diseases caused by enteroviruses. '

b. Since April 30, several guidelines have been published on the MOH website,

" including, "Guideline for HFMD medical treatment" and "Guideline for HFMD
prevention and control (2008 edition)."

4. Increasing information exchange

Outbreak information was disseminated in a timely manner according to related national
“and international regulations. Information on the event was reported to WHO when EV71
was found as the causal agent of the outbreak by Chinese CDC on April 23. The gene
sequence of isolated EV71 virus strain was submitted to GenBank® on ng 7. Six outbreak

3 The website is http://www. nchi. nlm nih. gov/sites/entrez?db=nucleotide. The serial numbers are:
bankitio92219 EU703812; bankit1092307 EU703813; bankit1092309 EU703814.
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information newsletters were also disseminated to Health Departments of Hong Kong,
Macau and Taiwan since the beginning of the outbreak.

S. Improvement of health education

Prevention and control measures for HFMD are being promoted through various channels,
and early reporting of symptomatic cases is encouraged.

Section 4 — Discussion

| 'General background information on HFMD

HFMD is a common infectious disease caused by various enteroviruses, including EV71
and Coxsackie A. The predominant feature of HFMD is high morbidity in infants. HFMD is
spread worldwide throughout the year and is transmitted predominantly by fecal-oral
transmission, respiratory droplets, contact with case's blister fluid or general close contact
with cases. ‘

EV71, a non-polio enterovirus, was first ifentified in 1969. It is reported that the clinical
manifestations of EV71 infection varies from classical HFMD Symptoms to ‘herpangaina,
aseptic meningitis and encephalitis. Fifty to 80% of cases are asymptomatic or have mild
flu-like symptoms. A few cases have severe nervous system damage that may result in
death. The case fatality rate of severe cases is 10%-25%. No enterovirus vaccine is
currently available. And because EV71 have a high asymptomatic infection rate, and can
survive for long periods of time in the environment or sewage, it is a challenge to prevent
and control. :

L HFMD outbreak in Fuyang City due to EV71 infection. - -

The HFMD outbreak in Fuyang City, Anhui Province that started in late March 2008 was
caused by EV71 infection. Severe cases in Fuyang City are similar in terms of clinical
manifestations and coincide with the population distribution, clinical manifestation and
pathological findings of severe cases in the 1998 Taiwan outbreak and 2007 Shandong
outbreak of EV71. Currently, testing of samples from Fuyang City cases reveal that the
main etiologic pathogen is EV71. EV71 nucleic acid was identified in severe and mild
cases in Fuyang City, and the viral nucleotide sequence was highly homogeneous.
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1. Analysis of risk factors for high mortality rate in the initial phase of the

outbreak

The case fatality rate for HFMD in Fuyang City, Anhui Province varied over time. Initially,
from March 1 to April 23, it was 3% (18/610) and subsequently decreased to 0.07%
(4/5439) from April 24 to May 9.

The initial high case fatality rate of the Fuyang City outbreak was hkely attributable to the
following factors:

a. According to the investigation of fatal cases, in the early clinical phase most
cases had mild symptoms and were either treated as usual by rural doctors and
private clinics or did not seek medical care. Most cases sudden]y deteriorated in
the first 2 or 3 days of clinical treatment with the situation worsening by the
time of hospitalization, often already past the optimal time for treatment. The
average time interval between hespitalization and time of death was only 10
hours. ‘

b. Sixty percent of severe cases had no rash and therefore increased the difficulty
for clinical doctors to diagnose enterovirus infection.

c. The proportion: of severe cases caused by EV71 is hlgher and more likely to
result in rapid disease progression and central nervous system:damage with

- severe complications such ?as brainstem. encephalitis, neurogenic pulmonary
oedema, etc. v v -

d. Mild cases normally did not seek medical care, and were therefore more dlﬁ'lcult
to detect and report. Underestimation of the number of mild cases based on
hospital reglstratlon and disease reporting is possible. . ‘

e. The precarious soqideconomic status of some of the affected families may have
resulted in a delay of presenting the patient to the hospital.

- Based on the fi eld investigation, nio, geographlcal clustering of HFMD cases was found .

around the severe cases in the initial stage of the outbreak while those severe cases and
deaths occurred in Fuyang city. Further investigation of this is needed.

IV. Risk assessment

1. Risk of individual infection

Everyone is at risk of infection, but not everyohe who is infected becomes ill. Young
children under 5 years old are most susceptible. The clinical manifestation of most cases is
mild. Since enteroviruses are omnipresent, it is likely for adults and older children to have

immunity. The main transmission route for enterovirus 71 is via respiratory droplets,
contact with fluid in the blisters or contact with infected faeces. The risk of transmission
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can be minimized by avoiding contact with known infected individuals or activities that are
of risk and by improving personal hygiene.

2. Risk of transmission

HFMD is a relatively common dlsease even outside of Fuyang City and other areas of
China. There have been a number of outbreaks of EV71 HFMD in the Asia-Pacific region
since 1997. Outbreaks have been reported in Bulgaria (1975), MalaySIa (1997), Australia
(1999) and Singapore (2000) among other areas in the region®. In China, an outbreak of
HFMD due to EV71 was reported in Taiwan Province in 1998 with a total number of
129,106 cases of HFMD and Herpangina, of which 405 cases were severely ill and 78 cases
were fatal’. Last year, Shandong Province experienced a HFMD outbreak with more than
40,000 cases and 14 deaths. This year, the number of EV71 cases has mcreased in
Singapore® and Vietnam’ while the disease has also been reported in Malaysia®.

HFMD caused by EV71 is very common and not an emerging infectious disease. The
public health impact of HFMD is not more serious than other common childhood diseases
such as measles, Japanese encephalms epidemic meningitis, infectious diarrhea and
pneumonia. According to the Chinese Ministry of Health it is not necessary to take public
health measures regarding travel restrictions and quarantine in order to prevent the spread
of the disease. WHO does not recommend restricting travel and trade to affected countries
or regions but emphasizes improving personal hygiene for disease prevention. '

V. Future work plan

1. Intensify the monitoring and control of EV71 infection

The Chinese government recognized the containment of HFMD as a high priority. The
local governments are conducting a large-scale health education and public health
promotion campaign to improve personal hygiene and ameliorate environmental sanitation.

The Chinese MOH will continue to-collect data on the clinical diagnosis and treatment of
severe EV71 cases from Fuyang City and Anhui Province, evaluate existing control
measures and strategies, update the technical guidelines and promptly organize training for
paediatric doctors .and public health workers in order to provide guidance on HFMD
prevention and control in China.

Chinese CDC will further improve the technical capacity of its public health laboratory

* http://www.who.int/csr/don/2008_05_07/en/index html

5 http://www.cdc. gov/ncndod/EID/vo]9no3/02-0285 htm

¢ http://www.sgdi.gov.sg/

7 http://www thanhniennews.com/health [2catid=8&newsid=38319
§ http://thestar.com.mv/newé/story.asp?ﬁle=/2008/4/24/nation/2-1045923&sec=nation
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network for enterovirus identification and monitoring in order to identify the enterovirus
strains circulating in endemic areas and to analyze the molecular epidemiological
characteristics of different strains and assess their clinical severity.

2. Improve and enhance the public health event surveillance and early warning

system

MOH will reinforce the legislation for communicable disease surveillance and public health
event reporting and irhprove the early warning and response for public health emergencies
as part of an effort to implement the International Health Regulations, IHR (2005)°. The
International Health Regulations (2005) are an international legal instrument which is
legally binding for all WHO Member States. The purpose and scope of the IHR (2005) are
to prevent, protect against, control and provide a public health response to the international -
spread of disease in ways that are commensurate with and restricted to public health risks,
and which avoid unnecessary interference with international traffic and trade.

Recently, the Ministry of Health requested all doctors and public health workers to report
deaths and clusters of severe cases of unknown cause immediately to the local health
department. Subsequently, the local health department should promptly report these cases
toMOH. - .

3. Strengthen international cooperation and information exchange

The Chinese government will share information on the HFMD outbreak and experience of
containment and clinical treatment with WHO and other countries. Furthermore, the
_government plans to increase international cooperation to strengthen scientific research of
enterovirus infection. !

> http://www.who.int/topics/intemﬁonal health_regulations/en/
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¢ Abstracth 290 Poster Board #-Session: 119-III .

of 'D-ansfusnon-'l‘ransnutted Babesiosis Due to Babesia microti in
Connecticut. Ritchard G. Cable,' Yan-Yun Wu*,? Stephanie Johnson*,! Kerri
Dorsey*,? Russell Melmed*,' Jonathan Trouern-Trend* ? Shimian Zou* 2 Laura
Tonnetti*? David Leiby* 2 ’Blood Services, American Red Cross, Farmington,
CT, USA; *Jerome H. Holland Laboratory, American Red Cross, Rockville, MD,
‘USA; *Department of Laboratory Medicine, Yale University School of Medicine,
-."New Haven, CT, USA.

‘ Babesia microti (Bm) is a tick-bome intra-erythrocytic parasite endemic in NE and -
; the upper Midwest. Although primarily a tick-bome disease, Bm has been transmitted by

transfusion in at least 50 documented cases. Symptoms include fever, hemolytic anemia, and
thrombocytopenia, typically arising 2-8 weeks following transfusion. In order to assess the

donor and recipient samples collected in 2004-2007. -METHODS: The repository consisted |
- of frozen whole blood and serur samples collected generally 1, 3, 6, and 12 months after
blood transfusions in a chronically transfused population, along thh associated donor serum
samples, collected at blood drives in CT. All recipient follow-up samples were screened
for antibodies to Babesia microti by IFA, as were the initial samples of any seropositive
recipient, using a 1:64 cut-off titer. If recipients tested IFA positive after being seronegative
" (seroconversion), corresponding donor sera were screened for Bm antibody to identify
transfusion-transmission. Stored DNA from serial seroconverting recipient samples were also
assessed by real-time PCR for Bm. We defined an evaluable transfusion forBmasa platelet

received evaluable- transfusnons Altogether these recipients received 1920 evaluable RBC
. transﬁxsxons and 1634 evaluable platelet transfusions. RESULTS: All follow-up samples

‘were seronegative for Bm except fora single follow-up sample in a recipient with sickle cell

anemia transfused with 45 RBC over 24 months. This sample was reproducibly seropositive

in 2 labs with a titer of 1:64 and was PCR negative. Blood samples 6 weeks before and 11
weeks after the seroposxtlve sample were seronegative, but PCR +. To investigate, 11 earlier

seronegative, although 2/11-were PCR + (one strongly positive). Donor serum samples from
- 18/21 RBC transfused prior to the strongly PCR + recipient sample were negative for Bm.
Three donor samples were niot available. The recipient reported no exposure to ticks and.
livedina non-endemlc area of Connectlcut. The patient had received 41 umits of red cells in
“the two years before etrollmentin the study There were no clinical symptoms attributable to -
Bm. CONCLUSION: This' may be a case of transfusion-transmitted Babesia microti, despite
our inability to identify a seropositive blood donor. However, the recipient may have acquired
Bm from a tick bite or from earlier transfusxons The risk of Babesia microti transmission
- by transfusion in CT has thus been measured either as zero cases in 1920 RBC transfusions
~ (95% C10.0 - 0. 0016pchBC) oras‘] case per 1920 RBC transfusions (0. 005, C10.000013
" -0.0029 per RBC). A previous report (Gerber, et al. JID 1994; 170:23 1-234) directly measured
“'the risk of transfusion transmission of Babesia microti in CT as 1 in 601 RBC (.0017). A
recent risk estimate based on the prevalénce of PCR positive CT donor samples is 1/1800
RBC (0.0006) (Cable RG, et al. Transfusion 2001; 41(suppl):12S-138. .) This current study g
- of chronically transfused recipients is consistent with these carlier estimates. -
niggggm No relevant oonﬂncts of i mterest to declare '

80

risk of Bm transmission by blood transfusion in Connecticut (CT), we tested a répository of

~or RBC transfusion with at least one follow-up sample 14-180 days later. 107 recipients. . S

recipient samples taken 5-21 months before thie seroconversion were tested and all were | - .
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Persistent infection by human parvovirus
B19 in qualified blood donors

Persistent parvovirus B19 infection with a low viral load
has been reported in immunocompromised and in
immunocompetent individuals (reviewed in Parsyan and
Candott'). Large cross-sectional studies using highly
sensitive DNA amplification methods have also demon-
strated persistent B19 infection.? Recently, Lefere and

colleagues® conducted a longitudinal study of nonimmu-

nodeficient patients who were multitransfused with red
blood cells, demonstrating that asymptomatic chronic
B19 infections may persist for a long period.? To charac-
terize the natural course of persistent B19 infections, we
conducted the following longitudinal study using an
in-house TagMan polymerase chain reaction method for
B19 DNA and enzyme immunoassays to detect' B19
immunoglobulin M (IgM) and immunoglobulin'G. (IgG;
Denka Seiken, Tokyo, Japan). This study was approved by
the ethical Committee of the Japanese Red Cross Osaka
Blood Center. In Japan, all donated:blood is tested for
B19 infection with an in-house: ‘receptor-mediated
hemagglutination method: that detects B19 antigen as a
marker of a high viremic stage of infection - (cutoff,
approx. 2.5x 10" U/mL B19 DNA; .data not shown).

Using this method, we identified 102 cases of BI9 iifec-

tion among 979,052 blood donors in Osaka betweenr 1997
and 1999. We were able to test the plasma‘samples of 20

of these 102 donors (15 male, 5 female; mean age,-

34.3 years) when they returned for subsequent blood
donations for viral load and B19-specific IgG and IgM.
We did not examine the donors at their first visit because
B19 antigen-positive blood was automatically disquali-
fied and disposed. The mean duration of follow-up was
838 days (range, 101-1749 days). The results of sequential
viral load testing for all donors are shown in Fig. 1A. In
the first 6 months; we observed a rapid decline in plasma
B19 DNA, which decreased continuously, but never
became undetectable. Median plasma B19 viral loads for
samples tested ‘within every 6 months are shown in
Fig. 1B. We analyzed the B19 antibody for all donors
during the study period (Fig. 2A). For 9 donors {Donors
1-9) with both IgG and IgM, IgM became undetectable,
while for 9 others (Donors 10-18), only B19 IgG was
detected, presumably because B19 IgM had: decreased to
an undetectable level' before the second visit. The
remaining 2 donors (Donors 19 and 20) had B19 igM-
detectable until the last visit (at 729 and 743 days).
Although the initial profile for B19 antibodies showed
different patterns, once established, B19- -specific 1gG -
persisted in all 20 donors. Summaries for 3 representative
cases correspondmg to each- of these patterns for IgM, .
IgG, and viral load are presented in Eig. 2B!

Consxstent with previous studies that suggest that B19.
DNA may persxst for a long penod in immunocompetent
individuals,*S we observed perSnstent B19 infection in .
healthy blood donors in the present long1tud1nal study.
Duringthe follow-up period, noné of the 20 infected blood

donors reported symptoms of B19 infec-
tion, although they retained high levels
of B19 IgG and low viral load. Our data
B : suggest that in healthy individuals, the

819 DNA ({Uhnl)
B19 DNA (IU/m1)
2

B19 plasma viral load declmes to below
10* IU per mL in approximately 1 year
‘and to 10° [U per mL in approximately
2 years after an acute (high viremia)
infection. The patterns of plasma B19
. viral load observed in our study may be
useful for identifying more suitable

0 200 400 600 800 1000 1200 1300 1600 1800 .

Follow-up days

N m v v

" blood donors in circumstances where
B19 NAT is unavailable. We encourage
- further studies with a larger sample size

Vi.ovn vin
Infected period

Fig. 1. (A) Changes in plasma Bls viral load in healthy blood donors after. an acute
BI9 infection. Each line represents plasma B19 DNA of the same donor. Time 0 was
defined as the first test visit when positwe mults were obtained for B19 antigen
(high viremic phase). (B) Plasma B19 viral loads for all cases by 6-month intervals.
Medians of the plasma B19 viral load with its 75th (top of thie box) and 25th (bottom
of the box) percentiles i in each category were mdlcated. L[=0100.5 years

(0-182 days); I = 0.5 to 1.0 years (183-365 days), HI = 1.0 to 1.5 years (366-549 days),
IV=L5 to 2.0 years (550‘730 days),V 2.0 to 2.5 years (731-914 days); VI=2.5-

3.0 years (915-1096 days); VI = 3.0-3.5 years (1096-1279 days); VIII = at least

3.5 years (21280 days). :
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to valldate these preliminary findings.

. Harumichi Matsukura, BS
‘Sachlko Shibata, MT

Yoshihiko Tani, MD, PhD
Hirotoshi Shibata, MD, PhD

‘ . Rika A. Furuta, PhD
- e-mail: furuta@osaka.be.jrc.orjp
' o Japanese Red Cross
Osaka Blood Center

Osaka, Japan
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Fig. 2. (A) B19 IgM and lgG for individual donors at follow-up visits. (Y] Posltive for both IgM and 1gG; (O)._positive for IgG (B) Rep-r
resentative cases for three pattems ot' test mults. Changes in viral load (@), lgM (A), and IgG (©). Donors mmpond to those inA.
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