H5NT INFLUENZA AND SAFETY OF PLASMA PRODUCTS

cally equivalent to currently circulating highly pathogenic
H5N1 viruses, as defined by the surface proteins HS and
N1, as well as an equally host cell-derived virus envelope.
Wwith respect to a minor structural difference, that is, the
absence of the polybasic cleavage site from the NIBRG-14
hemagglutinin, others have shown that influenza A virus
strains that contain such noncleaved hemagglutinins
can even be somewhat more resistant to inactivation by,
for example, low pH,'? which would make predictions of
product safety versus wild-type viruses based on the data
of the curment study even more robust. Most importantly
though, where the presented experiments have deter-
mined virus inactivation on a logarithmie scale, any minor
differences between the virus strains will be inconsequen-
tial for the general conclusions reached. In contrast to
these structural and thus physicochemical similarities,
the pathogenicity of the NIBRG-14 virus is significantly
different to the currently circulating highly pathogenic
H5N1 viruses {see Materials and Methods); that is, it is
none. This combination of properties has greatly facili-
tated performing the laboratory work described, in that
for the first time inactivation data could be generated with
an H5N1 influenza virus strain without safety concerns for
the operators/the environment.

Even before the availability of H5SN1 inactivation data,
however, several other aspects have argued against the
relevance of H5SN1 or more generally influenza viruses for
the safety of plasma products. First, the occurrence of
influenza virus in blood, that is, viremia, has been consid-
ered “...uncommon...,” although several less recent
reporis have described the very fact*!! and even viremia
during the preclinical course of influenza virus infec-
tion,*!! which would represent a setting of utmost rel-
evance for the safety of all blood-derived medicinal
products. Importantly though, all this information has
been derived from influenza viruses different from the
bird influenza virus H5SN1.

Second, the virus titers reported during viremia were
generally rather lower than those of the viruses estab-
lished as relevant for transfusion safety, although the
notion was challenged by the recently reported approxi-
mately 85,000 copies per mL as determined for a serum
specimen from a fatal human H5N1 case.® Another similar
case, however, found a virus titer in plasma of only
approximately 3,080 copies per mL." It is emphasized that
both of these specimens were obtained from terminally ili
‘patients, that s, under circumstances not applicable for
the collection of blood or plasma, Determining the poten-
tial viremiz levels in asymptomatic individuals remains a
research priority, yet expectedly those titers will e lower
than those found in individuals in late or even terminal
stages of disease.

Third, extensive studies of other lipid-enveloped
viruses have indicated that these viruses are easily inacti-
vated and should thus not be considered a concern to the

safety of plasma derivatives. The concerns of particularly
patient groups whose treatment depends on the safety of
plasma-derived products, but also regulators whose remit
inciudes to guarantee the safety of these medications, are
nevertheless understandable in view of the history of
plasma products.

Based on the data presented the safety margins of '
plasma products in the event of an H5N1 influenza pan-
demic can be estimated, following the basic principles set
forth in regulatory guidance.’ With respect 1o “potential
virus input* into the manufacturing process, neither the
prevalence of viremic potential blood or plasma donors
nor the potential virus load of a donation obtained under
such circumstances is known at this time. The level of
influenza viremia during preclinical stages of infection,
however, can safely be assumed to be lower than those
detected in terminally ill individuals, that is, approxi-
mately 85,000° and 3,080* copies per mL, and generally
influenza viremia would be less likely in preclinically
infected humans who would have qualified as donors.
More specific information about the prevalence of viremia
in blood or plasma donors as well as peak levels of viremia
is necessary to develop more precise assessments and will

" hopefully become available quickly once a poténtial influ-

enza pandemic commences. .

Regarding the “overall virus inactivation/removal
capacity™® all the H5N1 virus that could be spiked into
experimental downscales to evaluate standard virus inac-
tivation technologies was completely inactivated well
before the end of these processes, with virus reduction
factors in the range of greater than 4.7 to greater than 7.6
log, that is, well beyond the widely held effectiveness
threshold “. . . of the order of 4 logs or more. .. ."!* Regu-
lations suggest that “. . . it will be desirable in many cases
to incorporate two distinct effective steps...” into any
manufacturing process,'® which would result in a cumu-
lative reduction of potential virus load by greater than
8 log, that is, by more than 100 million-fold. Given these

‘numbers the safety margins that these dedicated virus
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reduction techniques would ensure for plasma derivatives
become intuitively clear. '

Given the central importance of virus reduction for the
safety of plasma derivatives, the current investigation thus
sought to experimentally confirm the expected behavior
for H5N1 influenza virus, in examining the inactivation
potential of procedures widely used throughout the
plasma productsindustry against the H5N1 influenza virus
itself. Reassuringly, all the inactivation methods tested
were shown to completely inactivate all the virus that could
be spiked into the respective product intermediates.

Pasteurization was found to be extremely effective in
inactivating all the lipid-enveloped viruses tested, that
is, HIV, BVDV, PRV, and also H5N1, at both the upper and
the lower limits of the specified protein concentration
(Table 1).
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Vapor heating, a proprietary heat treatment that is
used, for example, during the FEIBA manufacturing pro-
cedure, was also confirmed to be extremely effective. The
viruses tested were completely inactivated before initia-
tion of (BVDV, PRV, H5N1) or early during (HIV} the
second heat treatment phase, which thus provides extra
margins of safety, Of note, the results obtained would indi-
cate that H5N1 is more stable during lyophilization than is
BVDV or PRV (Table 2).

The resuits obtained for the S/D treatment of IVIG
agreed with earlier findings that have established this
method as most effective in inactivating lipid enveloped
viruses (Table 3). Also, the rather lower pH of the plasma
products intermediate tested, that is, pH 5.2, which is
equivalent to the intermediate during large scale manu-
facturing, was realized to contribute to the inactivation of
the H5N1 influenza virus (Table 3);

For the low-pH treatment investigated (Table 4), the
H5N1 was inactivated particularly effectively. This is not
surprising because during the infection cycle of influenza
viruses a low pH-induced fusion event is needed for the
virus to escape from the late endosome into the cytosol,
and if this event eccurs outside the susceptible cell, the
virus would be rendered noninfectious.’

Although not directly investigated in the experiments
presented, influenza viruses would, based on their
approximate size of 80 to 120 nm,"® also bé expected to be
removed by the now widely used nanofilters (virus filters)
with nominal pore sizes in the 15- to 75-nm range and
typically between 35 and 50 nm.

Together, the data presented should alleviate any
H5N]1-associated concerns about the safety of plasma
derivatives and will hopefully support an evidence-based
decision making process in all further dealings with the
emergence of influenza viruses. The results will, however,
have to stand their test when a possible first blood trans-
fusion transmission of an influenza virus would be
documented. Beyond this discussion of the safety of blood
and plasma-derived products, the impact of a potential
influenza pandemic on the supply of these life-sustaining
products needs to be kept in mind. A recently presented
model calculation from the US Centers for Disease
Contyol and Prevention [CDC) estimated a donor shortfall
of, depending on the specific scenario envisaged, as much
as 15 to 20 percent for up to 8 weeks (M. Meltzer, CDC;
presented at the PPTA Plasma Forum, June 20, 2006, Wash-,
ington DC). It is critical, therefore, that all current pan-
demic influenza preparedness efforts include the
provision of adequate supplies of blood and plasma
derivatives into their goals.
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Syphilis in China: results of a national surveillance
programme . ‘
Zhi-Qiang Chen, Guo-Cheng Zhang, Xieng-Dong Gong, Charfes Lin, )-(ing Gap, Gug-Jun Liang, Xiao-Li Yue, Xiang-Sheng Chen, Myron 5 Cohen

Summary
Background After a massive syphilis epidemic in the first half of the 20th century, China was able to eliminate this

infection for 20 years (1960-30). However, substantial changes in Chinese society have been followed by 2 resurgent
epidemic of sexually transmitted diseases. Sporadic reports have provided clues to the magnitude of the spread of
syphilis, but a national surveiilance effort is needed to provide data for planning and intervention.

Methods We collected and assessed case report data from China’s national sexually transmitted disease surveillance
system and sentinel site networle :

Findings In 1993, the reported total rate of cases of syphilis in China was 0-2 cases per 100000, whereas primaryand
secondary syphilis alone represented 5-7 cases per 100 000 persons in 2005. The rate of congenital syphilis increased
greatly with an average yearly rise of 71-9%, from 0-01 cases per 100000 livebirths in 1991 to 19-68 cases per

100000 Livebirths in 2005,

Interpretation The results suggest that a range of unique biological and social forces are driving the spread of syphilis
in China. A national campaign for detection and treatment of syphilis, and a credible prevention strategy, are urgently

needed.

Intreduction

Syphilis is a very serious infection that causes acute
cutaneous manifestations including genital ulcers,
chronic severe and debilitating compromise of the
cardiovascular and nervous systems, and serious effects
on reproductive and neonatal health.! During pregnancy,
syphilis infection can lead to spontaneous abortion,
congenital deformities, and severe neonatal disease,

- Syphilis was first recognised in mainland China in
1505.2 By the time the Communist party assumed power
in 1949, the Chinese people were suffering one of the
biggest syphilis epidemics in human history. Surveillance
studies in the 1950s showed that the infection was present
in as many as 84% of prostitutes and 5% of the general
population in some large dities, and 2-3% of ruml
residents.™

Mao Zedong and his government prioritised health
care, and the control of syphilis and other sexually
transmitted diseases (STD) was one of their key aims.* In
1952, China developed an unprecedented and unique
carnpaign to eliminate STD. The government instituted
mass screening, provided free treatment to infected
individuals, and closed brothels®* This programme
seemed to be highly effective, and studies by Chinese
and international teams verified the virtual eradication of
STDs by the 1960s.”

However, long-term control of $TD in China has
proved elusive. Economic and social reforms designed
to open China to the world have been successful, but
also appear to have laid the foundation for the re-
emergence of STD. Increased personal wealth, greater
geographical mobility, and more relaxed government
control® set the stage for the spread of STD. The first

841

cases of syphilis in China after the death of Mao were
reported in 1979.2

These changes led to the establishment of the Chinese
National Center for STD Control in 1986, followed by the
launch of 2 national STD surveillance system by the
Ministry of Health in 1987 The purpose of this report is
to describe the growth and magnitude of the Chinese
syphilis epidemic on the basis of Chinese governmental
surveillance data. .

Methods ‘
Surveillance of STD is done through mandatory case-
reporting from government facilities induding STD
dinics, designated provincial dermatovenereology centres,
gynaecology and genitourinary clinics, maternity and
children's hospitals, and other health providers in ail
31 provinces, municipalities, and autonomous regions of
the country. Beginning in 2005, syphilis case-reporting
moved from paper reports to electronic online sub-
mission.

For each syphilis case, doctors or their assistants filled
out a standardised STD reporting card with demographic
{age in 10 year intervals, sex, home location, marital status,
occupation, and education), clinical (diagnostic evidence,
onset of symptoms, stage of syphilis, presence of other
STD), and epidemiological information ({route of -
acquisition). According to national guidelines,” primary
syphilis was defined as a dinically compatible case
characterised by one or more chancres and inguinal
Iymphadenopathy, and laboratory confirmation of
Ticponema pollidum in clinical specimens by dark-field
microscopy or reactive non-reponemal rapid plasma
reagin, or toluidine red unheated serum test and

wwavthelancet corn Vol 369 January 13,2007
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(__ -8 Wanning county

Figure 2: Map;:f 26 national STD sentine! sites in China

treponiemal T pallidum baemagglutination, or partice
agglutination assay for anibody to T pallidum; secondary
syphilis was defined as a clinically compatible case
characterised by maculopapuiar rash and, in many cases,
lymphadenopathy, and laboratory test confirmation as for
primary syphilis; latent syphilis was defined as an

asymplomalic case with a possible history of infection -

supported by two consecutive reactive non-treponemal
tests (rapid plasma reagin), a reactive treponemal test
{particke apgintination assay), and normal cerebrospina)
fluid; and tertiary syphilis was defined as a case with 2
history of primary, secondary, or latent syphilis with
clinical manifestations involving the cardiovascular or
central nervous system and laboratory confinmation with
reactive non-treponemal tests, or cerebrospinal fuid
abnormalities characterised by higher than normal
amounts of white blood cells or protein. A case of
congenital syphilis was defined as a neonate or child
younger than 2 years affected by associated signs and
symptoms such as rash, hepatosplenomegaly, and
lymphadenopathy, with an infected mother, supporied by
detection of T pallidum in lesions by dark-field microscopy
or reactive serological test.*

To increase the accuracy with which STD incidence could
be assessed, a network of 16 sentinel surveillance sites was

wwwihelancet.com Vol369 Januvary 13,2007

established in 1987 in areas with high rates of STD. This
network was subsequently expanded in 1993 to 26 sites in
various cities throughout China. A map of these sentinel
sites is shown in figure 1. Each site has a designated
organisational centre from either the dermatovenereology
institute or Center for Disease Control hospital networks
that coordinates mandated STD reporting from all $TD
service providers in their jurisdiction, which is in most
places a city district or in some an entire city. These sites
have strengthened management, standardised diagnosis
and treatrnent protocols, and estzblished laboratory quality
assurance measures, for STD surveillance. By comparing
the number of STD diagnoses recorded in clinic and
laboratory regisiries at sentinel sites with case reports in
the surveillance system, twice-yearly quality control studies

indicate that sentinel sites report all but less than 5% of”

newly diagnosed STD cases.

Information from "sentinel and non-sentinel sites is
collected at the county level and reported quarterly 1o the
next administrative levels until it reaches the National
Center for STD Control, where all compiled surveillance
data are siored in an electronic database {figure 2).

Epilnfo (Version 11, Centers for Disease Contral and
Prevention, Atlanta, GA, USA) was used to analyse the
results in this study.
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Figure 3: Reported incidence of :ongenitaf syphilis and cumulative primary and secondary syphilis in China
from 1988 to 2005, nationwide 5TD surveillance systemn

* Aside from tongenital syphilis, dassification nto giflerent stages of syphilis was introduted in1996. Thus, before
1596, data points for primary 2nd secondary syphilis show incidence for total syphilis However, an ad hot survey
of syphifis reports in 38 cities fron 1990 to 1994 suggested that reported cases of primary, secondary, early latent,

tertiary, and congenital syphilis accounted for 20-2%, 46-5%. 28-1%, 21
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4, and 0-7% of total cases, respecively.
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introduced into surveillance reports until 1996, incidenice
data before this year refer to total syphilis incidence.

The reporied incidence of congenital syphilis was
calculated by dividing the number of new congenital
syphilis cases by the number of livebirths in a specified
year. National population and livebirth data weze obtained
from the National Bureau of Statistics of China.® The
average yearly rate of increase in incidence was calculated
as a geometric mean by use of the formula: (iricidence at
time n divided by incidence at time 1)~{1/[n-1])-1, where
n is defined by the interval number of years.

Role of the funding source

The sponsor of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the data in the study and the team of co-

. authors had final responsibility for the decision to submit

for publication.

Results .
Nationwide surveillance data indicated that after re-
maining just below 0-2 cases per 100000 people froin
1989 to 1993, the total incidence of syphilis increased from
0-17 cases per 100000 in 1993 to 6.5 cases per 100000 in
1999, with incidence of primary and secondary syphilis
accounting for 5-85 cases per 100000 {figure 3). After
decreasing slightly between 2000 and 2003 (perhaps more
a result of administrative changes during that time than a
real decline), the incidence of primary and secondary
syphilis has increased in the past 2 years 1o 5-67 cases per
100000 people. The average incidence of primary and
secondary syphilis for the years 2000 to 2005 was
5-13 cases per 100030 people per year Incidence of con-
genital syphilis had grown at a very rapid rate with an
average yearly increase of 71-9%, from 0-01 cases per
100000 livebirths in 1991 to 19.68 cases per 100000 live—
births in 2005 {figure 3). The actual numbers of cases of
syphilis classified by the stage of disease are shown in
table 1.

More than 70% of reported cases of syphilis in the past
10 years were in people aged 2049 years. The mean ages
were siightly higher in nonihern and central China than
in other regions of the country (table 2). The ratio of male
to fernale individuals with syphilis decreased from 2-0 to
1-0 between 1988 and 2000, and has held steady for the
past 3 years.

Al China's 2882 counties reporied cases of syphilis
during the past S years. In 2005, the highest rates of total
syphilis cases were reported in Shanghai {55-3 cases per
100000 individuals), Zhejiang {35-9 per 100000), and
Fujian {26-8 per 100000}, which together with Jiangsu
{13 -0 pey 100000} form China's prosperous southeastern
seaboard. Beijing municipality had the next highest rate
(24-9 per 100000}, followed by the southem Zhujiang
River Delia (Guangxi, Guangdong, and Hainan
provinces), which reported rates of about 14-21 cases per

wwwihclancetcom Vol 369 Janvary 13, 2005‘
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100000 individuals. The portheast provinces (filin,
Liaoning, and Heilongjiang) and the far western

provinces of Qinghai and Xinjiang reported rates of -

5-12 cases per 100000 individuals (figure 4).

The 26 sentinel STD sites established in 1993
consistently reported a much higher number of cases
than did non-sentinel sites. Incidence of tota! syphilis
cases reported by the enhanced surveillance network rose
continuously from 1-4 cases per 100000 individuals in
1993 to 32-9 per 100000 in 1999 {figure 5. Incidence fell
slightly in 2000 {28-9 cases per 100000 individuals) was
similar in 2001, paralleling the trend reported by the
nationwide surveillance system (figure 5). Despite
covering a2 population of only 3540 million (2bout 3% of
China’s population), the 26 sentinel sites reported about
18% of total syphilis cases from 1995 to 2001,

Discussion

Qur report pravides a comprehensive view of the re-
emergence of syphilis in China. These findings are
consistent with reports of the exceptional prevalence of
syphilis in highrisk groups in China™® and of the
spread of other STD in China,” induding a nation-
wide cross-sectional sirvey that showed a high pre-
valence of chlamydial infection, espedally in urban
coasta]l areas.® Worldwide, resurgence of syphilis in
China corresponds to epidemics reported in several
cities in the UK7? Ireland,® the Russian Federation
states,® and the USA.* )

‘The incidence of primary and secondary syphilis in
2005 {5-67 cases per 100000) was substantially higher
than that in raost developed countries; for example, the
USA reported 2-7 cases of primary and secondary
syphilis per 100000 individuals in 2004.* Furthermore,
the number of cases cited might not accurately reflect
the true extent of the epidemic. STDs treated at hospitals,
family planning centres, gynaecological clinics, phar-
macies, and private practitioners go largelyunreported, %
although these venues represent important access points
for patients with STDs. A study in Shenzhen and
Guangzhou” showed that 27% of patients with $TDs
sought initial care at a site other than a government
dermatovenereology centre; in Chenpdu® and Hang-
zhou,® 18-40% of patients sought care from private
doctors and pharmacists, [n an intemal, unpublished
quality-control study done in 1999, STD surveillance
officials found that in one province, more than 75% of
STD cases were not reported. Private practitioners were
the least reliable, reporting only 0-2% of cases, followed
by districtlevel hospitals (7-9%). provincial-level
hospitals (15-496), and city-level hospitals {35-5%).

Surveillance reperting might also be limited by the
zvailability of governmenta! resources, The 26 sentinel
sites reported about 18% of the nation’s aggregate
syphilis cases, although these siies cover anly 3% of the
population. Such results suggest that non-sentinel sites
are probably not reporing the actual scale of the
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1886 . - - - - . 37
i987. - - - i - 815
1988 .. . . . . 1387
ey - - - - NI - 1976, -
s 190 - - - - - w78
L) S - 1870,
182 - ], 1997
1 IO - 2016
1004 - - 4591
1835 . - 1336
1996 9036 18034 20757
12957 14134 20219 13668
1998 23249 48677 53765
19857 1 3885 72420 80466
;000 36075 71499 80181
SG0E T 32504 66072 77aaE -
02 29978 59653 7329
5003 © - -30080. 56435 73553’
66478 88311
74017

" .fMeanage(SDl yeais® _"':A

B C:nhal Chma (H:nan. Hubei, Hunan)
Ny Nor&w.astthim (Lizonicg, Héffongliang. ll[m)
’ EastChlna (Shanghai, Zhejiang, jtangsu,}\nhm Shandnng jlangxl FUJlan]
: j_NorthwestChlna(Shaanxl Garist, ngxta, nghm.)ﬁrymngl
_.‘ Southwest Chinz {Yunran, Guizhow, Sichuan, Chnngqmg )Ezang)

‘South Chira (Guangdong, Guantpd, Hainan) -

" Total

"392(156)

356 (155}
5036 .
37.9{13-5)
366{i52)
37:3(13-9)
366 (14-4)
37-6(14-2)

Table2: Age cf people with syphilis in 2005 by fegion -

epidemic, and that improved surveillance would yield a
higher overall incidence than repbrted here.

As an alternative approach we did a systematic review
of published work,” which suggested the following
prevalences of syphilis in specified populations: ante-
natal women 0-45%,; premarital testing 0- 66%,; voluntary
blood donors ©-37%; migrant workers 1-4%; re-
munerated blood donors 2-86%; possible female sex
workers 0-83%; incarcerated female sex workers
12-49%; drug users 6-81%; and men who have sex with
men 14-6%.7 In the past 5-10 years, syphilis rates seem
to have increased in all these groups, with the greatest
increase in drug users {0-96% per yea), incarcerated
female sex workers (1-41% per year), and men who have
sex with men {4-50% per year).” Surveillance data and
focused reports from throughout China provide
compelling evidence of a substantial and worsening
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Figure 4: incidence of total syphilis in 2005 by province, natiotwide STD survelllance system
Numbers in parentheses show aurber of provinces in band.
syphilis epidemic in individuals at high risk, and in the health care in China has left many people without
general population. resources to seek care, particularly for problems like
Syphilis can have devastating health consequences, syphilis that on the surface appear to be selflimiting. In
especially if untreated.’ The increasing privatisation of  a 2004 survey, half the respondents from three provinces
- reported foregoing health care in the previous year
351 because of its prohibitive cost.® This proportion is
i J probably much higher in rural areas, as shown by results
i 301 o N from one study done in a rural county outside Beifing
i : where 80% of women with symptoms of 5TD did not
| x4 e seek health care because of its high cost and their own
é g ! ——&— Reported incidence of total syphilis fram sentinel sites Jack 0? knowledge about STD.” s s
| € 20 i e Reportedincidence of towalsyphifs from Obviously, any _defects _rfaused by ccfz_lgemtal syl?hxhs :
bk natisnwide STD surveiifance system would be devastating. Additionally, syphilis can cantribute
E . ! to the spread of HIV infection by raising the viral burden
i3 g in MIVinfected individuals® and by increasing sus-
P ceptibility to infection® Cotransmission of syphilis and
! ; P HIV has been reported in Pune, India,* and syphilis
54 A N infection in pregnant women might facilitate the vestical
i r ~ transmission of HIV.® Although the gravity of syphilis
i o / during pregnancy cannot be overstated, detection and
: oSS D S & B treztment of the disease could be overshadowed by focus
; FEIFS S FF LS5 on the prevention of vertical HIV transmission.*
: Yeor The rapid spread of syphilis in China is probably

Figure §: Camparison of incidence of syphilis reported by 26 sentinel sites and nationwide $7D surveillance attributable to a combination of biolOgical and sodial
forces. . Grassly and co-workers” have argued that the

system
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