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Association between Severe Pandemic 2009 Influenza
A (HIN1) Virus Infection and Immunoglobuhn G,
Subclass Deficiency

C. L. Gordon,' P. D. R. Johnson,"" M. Permezel.® N. E. Halmes,' G. Gutteridge,” C. F. McDonald,’ D. P. Eisen,*"
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'infectious Diseases, ?Intensive Care, *Hespiratary, and ‘Pathalogy Depariments, Austin Health, Department of Obstetrics and Gynaecoicgy, Mercy
Haspita! for Women, ®ictorian Infectious Diseasas Service, Royal Melbourne Hospital, University of Melbourne, Melboumne, “Intensive Care Unis,
Bendigo Health, *Pathology Department, Alfred Health, *Department of Epidemiology and Preventive Medicine, Monash University,

and “Depariment of Medicine, University of Melbourne, Melbourne, Australia

Background. Severe pandemic 2009 influenza A virus (HINI) infection is associated with risk factors that
include pregnancy, obesity, and immunosuppression. After identification of immunoglobulin G, {IgG,) deficiency
in 1 severe case, we assessed IgG subclass levels in a cohort of patients with HINT infection.

Methods. Patient features, including levels of serum IgG and IgG subclasses, were assessed in patients with
acute severe H1N1 infection (defined as infection requiring respiratory support in an intensive care unit), patients
with moderate HINI infection {defined as inpatients not hospitalized in an intensive care unit), and a random
sample of healthy pregnant women.

Results. Amang the 39 patients with HIN1 infection (19 with severe infection, 7 of whom were pregnant; 20
with moderate infection, 2 of whom were pregnant), hypoabuminemia (P <.001 ), anemia (P <.001), and low levels
of total IgG (P = .01), [gG, (P = .022), and IgG, (15 of 19 vs 5 of 20; P = .001; mean value * standard deviation
[SD], 1.8 £ 1.7 g/L vs 34 = 14 g/L; P = .003) were all statistically significantly associated with severe HIN1
infection, but only hypoalbuminemia (P = .02) and low mean 1gG, levels (P = .043) remained significant after
multivariate analysis. Follow-up of 15 (79%) surviving IgG,-deficient patients ala mean {x8D) of 90 * 23 days
(R, 38-126) after the initial acute specimen was obtained found that hypoalbuminemia had resolved in most cases,
but 11 (73%) of 15 patients remained IgG, deficient. Among 17 healthy pregnant control subjects, mildly low
IgG, and/or IgG, levels. were noted in 10, but pregnant patients with HIN1 1nfectlon had sxgntﬁcantly lower levels
of 1gG, (P = .001).

Conclusions. Severe H1N1 infection is associated with IgG, deficiency, which appears to persist in a majority
of patients. Pregnancy-related reductions in IgG, level may explain the increased severity of HIN1 infection in
some but not all pregnant patients. The role of IgG, deficiency in the pathogenesis of HINI infection requires
further mvesugauon, because it may have therapeutic implications.

Since the onset of the current novel influenza A (HIN1)
virus pandemic, it has been recognized that certain risk
factors, such as pregnancy, obesity, and immunosup-
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pression, are associated with severe disease (1, 2]. In

Victoria, Australia; which was one of.the key regions

- for the HIN] pandemic in the Southern Hemisphere

(3, 4], such risk factors have been frequently observed
in our sickest patients, but the explanation for this
association has remained elusive {5].

We identified immunoglobulin G, (1gG,) subclass de-
ficiency in 1 young pregnant patient who had an un-
usual presentation with severe HIN1 infection that re- -
quired intensive care unit (ICU) admission. Because of
this observation, we systematically assessed total IgG
and 1gG subclasses in ail patients with HIN1 infection
requiring ICU care (many of whom were pregnant) and
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compared these results with those obtained from all inpatients
with less severe HINI1 infection {ie, those patients who did not
require ICU admission), as well as a randomn sample of healthy

pregnant women who presented for routine antenatal care.

METHODS

The study was initially undertaken at Austin Health (AH), a
tertiary university teaching hospital in Melbourne, Australia.
" After the observation of IgG, deficiency in a patient with HINI
infection, all patients with polymerase chain reaction (PCR)-
proven HINI infection who were sufficiently unwell to require
admission to AH underwent routine hematological and bio-
chernical assessment, had their serum immunoglobutin levels
and subclasses determined, and were reviewed for their clinical
features, demographié characteristics, and treatment outcome.
Acute-phase serum samples were either assessed prospectively
or were retrieved from storage for analysis; patients for whom
there were no appropriate stored serum samples were noted
but not included in the study. Because of the potential thera-
peutic implications of our initial findings, and after discussions
with the Department of Human Health Victoria, we subse-
quently broadened recruitment to 2 other hospitals in Victoria
(Royal Melbourne Hospital [RMIH] and Bendigo Health {BH]),
which were actively mahaging patients with severe HIN1 in-
fection and had ICU admission criteria that were similar to
those at AH, to obtain similar acute-phase serum specimens
and clinical details. :

The following definitions were used for the study: patients
with severe HIN1 infection were defined as those with con-
firmed HIN1 infection who required admission to the ICU for
respiratory (invasive or noninvasive mechanical ventilation)
and/or vasopressor support, whereas patients with moderate
HIN1 infection were defined as those who required hospital
inpatient (but not ICU) care. Community-acquired pneumonia
was defined according to the Infectious Diseases Society of
America guidelines [6].'

The clinical and laboratory features of patients with severe
H1N1 infection at the 3 recruitment sites (AT, RMH, and BH)
were compared with those of patients with moderate HIN1
infection (AH). All patients who were found to be IgG subclass
deficient during their acute illness were followed up to obtain
convalescent immunoglobulin and I[gG subclass levels to assess
whether the identified deficiency was transitory or persistent.

Because a large number of our patients with severe HIN1
infection were pregnant, we investigated the immunological
status of a random sample of healthy pregnant women to com-
pare these results with those observed among pregnant women
with moderate and severe HIN1 infection. Thus, we obtained
~ serum samples from 15-20 healthy pregnant women who had

antenatal outpatient visits at the Mercy Hospital for Women
(Melbourne, Australia) on 19 or 20 July 2009.

All data were summarized and analyzed according to HINI
infection severity (severe vs moderate), presence of pregnancy,
and, if the patient was pregnant, presence of HIN1 illness (pa-
tients with H1N1 infection vs healthy control subjects). Ethics
committee approval was obtained at all 4 participating centers
that undertook the study.

Laboratery assays.
confirmed by strain-specific PCR at the Victorian Infectious
Diseases Reference Laboratory and World Health Organization

The presence of HIN1I infection was

Influenza Reference Laboratory (Melbourne, Australia) using
standard HIN1 assays.

Serum immunoglobulins {IgG, IgM, and IgA) were assessed

using both a Beckman IMMAGE 800 analyzer (Beckman Coul-
ter) and an Abbott Architect ¢i8200 analyzer (Abbott Labo-

ratories, Abbott Park) in accordance with the manufacturers’-

instructions. Similarly, immunoglobulin subclasses (IgG,, [gG,,
[gG,, and IgG,) were measured using Binding Site Human IgG
Subclass kits on a Beckman IMMAGE 800 analyzer in accor-
dance with the manufacturer’s instructions. The reference
ranges for normal adults according to the manufacturer were
as follows: total IgG, 7.0-16.5 g/L; 1gG,, 3.8-9.3 g/L; IgG,, 2.4
7.0 g/L; IgG,, 0.22-1.76 g/L; 1gG,, 0.04-0.86 g/L. Routine he-
matological and biochemical analyses were pcrformed.in the
Pathology Departments at contributing hospitals.

Statistical analysis.
ing Fisher’s exact test, Student’s ¢ test, or the Wilcoxon rank-
sum test {as appropriate) with Stata software, version 8.2 (Staté
Corporation), to identify features associated with HIN1 infec-
tion severity. Variables that were potentially associated (P <.2)

Univariate analysis was undertaken us-

. on univariate analysis were included in a multivariate analysis

to identify features statistically associated with severe HINI1
infection. Similarly, a univariate analysis of the clinical and
laboratory features of healthy vs HiNI1-infected pregnant par-
ticipants was undertaken to assess for any associations with the

~ presence of HIN! infection. A P value of <.05 was considered

to be statistically significant.

RESULTS

Severe versus moderate HINI infection. Atotal of47 patients

_with acute HIN1 infection {19 with severe infection and 28

with moderate infectioﬁ) were assessed from 30 May through

16 August 2009. Appropriate serum Specimens were available
for 39 patients (19 with severe infection and 20 with moderate
infection), and’ results are shown in Table 1. Among the 8
patients for whom no serum samples were available, no special
features were noted to explain the lack of stored serum samples.

Patient demographic data and comorbidities for the 39 par-
ticipants were similar between the severe and moderate H1N]

1gG, Deficiency and Severe HINI Infection = CID 2010:50 (I March) - 673
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Table 1. Comparisen of Results for Immunoglobulin {Ig} Levels for Patients with Severe versus Moderate HIN1 Infection

Severe Moderate
H1N1 infection H1N1 infection

Variable (n =19 (n = 20 I
Age, mean years + 5D (range) . 36 * 19 {16-79) 41 = 16 {19-76} 32
Male sex : . 7 il ‘ .34
Pregnant® . 7 . 2 .065
Comeorbidity -

Hematolegical malignancyb . 1 2 ’>_99

Solid-organ transpianiation - : 0 2 - 49

Asthma {requiring inhaled corticosteroids only) : 3¢ &Y .45

Obesity 1° 3¢ .60

Diabetes mellitus ‘ ¥ 5 .70
Influenza-related myocarditis 1 0 y
Pneumaonia present® 16 4 <.001

IcU management'
Endotracheal intubationfventilation alone 12
Endotracheal intubationfventilation plus ECMO )
Noninvasive ventifationfhigh-flow oxygen

Mortality 2 4] .23

Laboratory resufts
Hemoglobin level, mean g/l (£ 5SD) ' . ‘ 104 = 23 " 133 = 21 <001
{ eukocyte count, mean cells X 10%L {+SD) 104 + 105 8.7 + 83 56
Lymphoocyts count, mean eells X 10%L (£SD) ) 0.94 + 0.5 3.0 88 .31
Benal impairment {creating level >110 pmol/l) ' 4 3 70
Abnormal liver function 16 ’ 11 .08
Serum albumin level, mean g/L + SO {range)® 23 + 5 (16-34) 35 £ 5 (2342} <001

Immunoglobulin data '
Mean day {+SDj of HIN1 fllness when serum mmunoglobulms assessed (range) 6.2 = 2.4 {3-11) 6.9 + 6.1 (1-23) .57
Low [gA 3" 2" .66
Low IgM : 2 4" 66
Low total 1gG , ) 12 4 01
Total IgG levels, mean g/L (:SD) : ' 72+65 - 97 %24 .069
Patients with low lgG, . ’ 11 ) 4 .022
IgG, levels, mean gfL (£SD) . 4.2 239 52 £ 19 Ry
Patients with low 1gG, . 15 5 .00
19G, levels, mean g/L {+SD) ’ : ) 18 = 1.7 34 + 14 .003 -

NOTE. Data are no. of patients, unless otherwise indicated. Severe HIN1 infection was defined as requiring intensive care unit {ICU) admission and
respiratory support, Moderate H1N1 infection was defined as requiring hospital admission but not ICU admission. ECMO, extra-compareal membrane oxy-
genation; SD, standard deviation. h .

? Of the 7 pregnant women with severe HiN1 infection, 2 had mild asthma [not using inhated corticosteroids), whereas 1 pregnant woman with moderate
H1N1 infection had both type 2 diabetes mellitus and obesity.

® One patient in each aroup had chronic lymphacytic leukemia,

® One patient had obesity and diabetes, and 1 patient had asthma and diabetes. Alf 3 patients had type 2 diabetes.

9 One patient had asthma, obesity, and diabetes; 2 patients had obesity and giabetes; 3 patients had asthma and diabetes; 1 patient had obesrty and
asthma Two of 5 patients had type 1 diabetes, and 3 of § patients had type 2 diabetes.

¢ Community-acquired pneumonia was defined accarding to Infecticus Diseases Saciety of America guidelines [6].

f Among patients who required endotracheal intubationfventilation alane, ECMO, and noninvasive ventifationfhigh-flow oxygen, pregnancy was present in
4, 1, and 2 patients, respectively.

° Serurn albumin level on same day that immunogtobulin levels were measured.

" Deficiencies in IgM and IgA were all mild.
i An additianal patient who was 16 years and 11 months of age was not reported to have deflClenz immunoglobulin levels, because her immunoglobulin
levels were within the pediatric range: however, these values would have been considered to be deficient if the adult (defined as 317 years of age) normal
range values had been used.
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Figure 1. Serum immunoglobulin G (igG] {total], tgG,, and IgG, levels for patients with acute HIN1 infection stratified accarding to disease severity

(severe vs moderate) and compared with healthy pregnant (Preg) patients. Oata are shown for pregnant patients with HIN1 infection (@), nonpregnan
patients with HIN1 infection {(J), and heafthy pregnant control patients {0). Dashed line, mPian value of each grouping; dotted fine, fower limit of

normal adult range for the relevant immunoglehulin.

infection groups, except that pregnancy was more common
among patients in the severe HINI infection group (7 of 19
vs 2 of 20); however, this difference did not achieve statistical
significance (F = .065; Table ).

Hypoalbuminemia and anemia were more commeon among
patients with severe HI1N1 infection (P<.001 for both; Table
1). Similarly, the presence of severe HINI infection was sig-
nificantly associated with low levels of total IgG (12 of 19 vs
4 of 20 patients; P = .01}, IgG, (11 of 19 vs 4 of 20 patients;

P = 022) and IgG, (15 of 19 vs 5 of 20 patients; P = .001;

Table 1 and Figure 1), compared with patients with moderate
HINI infection. Furthermore, 1 patient with severe HINY in-
fection (patient A} was a pregnant woman at 21 weeks gestation
{age, 16 years and 11 months) who had an IgG, level of 1.1 g/
L, which was reported as normal on the basis of the IgG,
reference ranges used for children (age =16.years: 0.6-5.0 g/
L) but would have been considered to. be deficient if the adult
reference ranges {age >17 years: 2.4-7.0 g/L} had been applied.

Assessment of the mean (% standard deviation {SD]) con-
centrations of total IgG and IgG subclasses demonstrated that
patients with severe HINI infection had significandly lower
levels of IgG, (and therefore lower levels of total IgG) than did
patients with moderate H1N1 infection (Table 1). However, the
mean {+5SD) levels of IgG, (4.2 = 3.9 vs.52 = 1.9 g/l; P =
+31), IgG, (0.50 = 0.28 vs 0.77 £ 0.55 g/L; P = .07} and IgG,
(0.28 = 043 vs 0.24 + 0.24; P = .68) were not significantly

nemia {P = .024). After this analysis, only low mean serum
concentrations of IgG, and albumin remained statistically sig-
nificantly associated with severe H1N1 inlection, compared
with moderate HIN1 infection (P = .043 and P = .02, re-
spectively; Table 2}, '

Among the 21 patients identified as IgG, deficient during
the acute stage of HIN1 ‘infection (16 with severe infection,
including patient A; 5 with moderate infection), convalescent
serum samples was obtained from 15 patients (71%; 1} with
severe infection, § of whom were pregnant; 4 with moderate
infection, 1 of whom was pregnant} a mean {+3D) of 90 %
23 days {range, 38-126 Hays) after the initial acute~phase spec-
imen was obtained. Convalescent-phase serum samples were
not available for 6 patients, because 2 had died, 3 were not
coniactable, and 1 refused testing, Serum g, results are shown
in Figure 2. Among the 11 patients with previous severe HIN1
infection, serum IgG, levels remained in the deficient range for
8 (73%; 3 postpartum, one pregnant, and 4 nonpregnant; Fig-
ure 2). Two of the 3 patients with severe H1N1 infection with
normal convalescent serum IgG, levels were postpartum
women; | of these 2 women had received intravenous pooled
immunoglobulin as a component of her therapy for severe

Tahle 2. Multivariate Analysis of Features Potentially Asso-
ciated with Severe versus Moderate HINT Infection

different between patients with severe and patients with mod- . Odds ratio .
erate HIN1 infection {(Figure 1}. ) (95% confidence

The association between pregnancy, hypoalbuminemia, ane- Variable, interval] P i
mia, and low levels of IgG, with severe HIN1 infection were Pregnancy 8.9 (0.32-248.2) .20

assessed in a multivariate model: The results are shown in Table
2. Abnormal liver function test results were not included in
this analysis, because they were correlated with hypoatbumi-

Mean hemoglobin per g/l -1.01 (0.84-108) .80
Mean serum albumin per g/l 1.6 {1.08-2.3) 02
Mean immunoglobultin G, level per g/l 2.25 (1.03-4.82) 043

igG, Deficiency and Severe HIN1 Infection * CID 2010:50 (1 March) - 675
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Figure 2. Comparison of serum immuncglobulin G subclass Z (lgG,) levels among patients with 1gG, deficiency during severe HIN1 infection and
with recovery (nonpregnant and pregnant women). Data-are shown for pregnant patients with HIN1 infection {@) and nospregnant patients with
H1N1 infection {[_l). Dashed fine, pregnant patient at time of initial 1gG, sample; dotted fine, lower limit of normal aduit range {or IgG,. :

HIN1 infection, but this was 77 days before testing of con-
valescent-phase serum samples. Notably, the only patient with
severe HINI infection with normal convalescent-phase IgG,
levels who was nonpregnant was only mildly deficient during
the acute phase of illness {acute-phase IgG, level, 2.1 g/L; con-
valescent-phase 1gG, level, 2.6' g/L; normal range, =2.4 gfL).
Of the 4 patients with moderate HIN1 infection who were
assessed at follow-up, 3 remained IgG, deficient, including 1
woman who was still pregnant at this time (Figure 2}.
Persistence of immunoglobulin deficiency was less promi-
nent for non-IgG, subclasses. Among the 8 patients with severe
HINI infection who were initially deﬂqienf in IgG,, 6 had
normal IgG, levels on testing of convalescent-phase serum sam-
ples (data not shown). Similarly, hypoalbuminemia had re-

" solved in miost patients (9 of 14 assessable patients); however,
of the other 5 patients, 2 remained pregnant at the time of -

follow-up.

Immunoglobulin levels and pregnancy. A total of 9 pa-
tients with HIN1 infection were pregnant (23%; Table 1). Se-
rum immunoglobulin levels for these patients were compared
with levels for 17 healthy pregnant control subjects, and results
are shown in Figure 1 and Table 3. The healthy pregnant women
were slightly older than those with HIN1 infection, but both
groups were similar with regard to mean gestation period (Table
3). Among the 17 healthy patients, 10 had mildly low IgG, and/
or 1gG; levels, compared with the standard reference range for
nonpregnant women (IgG, alone, 4 patients; IgG, alone, 4 pa-
tients; 1gG, and lgG,, 2 patients}. However, pregnant women
with HIN1 infection had significantly lower mean levels of total
IgG (P < .001), IgG, (P = .005), and IgG, (P = .001) than did
the 17 control subjects (Table 3 and Figure 1).

Tahie 3.. Comparison of Results for Pregrant Women with HIN1 infection versus Healthy Control

Subjects

- Patients with Healthy

H1N1 infectien® control subjects”
Variable (n=9) ~ {n =17 P
Age, mean years = SD (range) 24 + 6.2(16-37) . 30 = 3.8 {20-386) .008
Gestation, mean weeks = SD {range) 32 + 6.0 (21-38} 35 + 2.9 (29-40) 16
Low total IgG 7" 3 . 009
Total 1gG level, mean g/l {£5D) ~ 52 + 1.7 85 + 1.7 <.001

. Low IgG, 5] B .22

Mean {+5D) 1gG, level, mean g/L {=SD) 28 + 1.1 44 £ 13 005
Low lgG, 7° 6 i 097
IgG, level, mean g/L {+ SD) 1.5+ 1.0 28 =08 001

NQTE. Data are no. of patients, unless otherwise indicated. lgG, immunoglobulin G.
? Including 7 patients with severe H1N1 infection and 2 patients with modearate H1N? infection.

b Two healthy pregnant patients had gestauona[ diabetes.

¢ An additional patient who was 16 years and 11 months of age was not reported to have deficient immunoglobulin
levels, because her immunoglebulin levels were within the pediatric cange; however, these values would have been
considered to be deficiant if the adult (defined as =17 years af age) normal range. values had been used.
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DISCUSSION

Although a number of authors have described the clinical fea-
tures of HINI infection {7-9], including those of pregnancy
as a risk factor for severe HIN] infection [10], this is, to our
knowledge, the first report to identify a potential association
between HIN1 disease severity and the presence of immuno-
globulin subclass deficiency. Patients with severe HIN1 infec-
tion were significantly more likely to be deficient in IgG, than
were patients with moderate HIN1 infection {P = .001); IgG,
deficiency was not necessarily noticeable if only total IgG levels
were assessed. Furthermore, our findings suggest that, for the
majority of such patients (11 of 15 patients; 73%), IgG, defi-
clency persists after recovery from HIN1 infection, regardless

of whether the illness was associated with possible risk factors,’

such as pregnancy. Low IgG, levels are therefore less likely to
be simply related to a severe inflammatory response, as is some-
times noted for acute-phase reactants, such as albumin, creatine
_kinase, and lactate dehydrogenase [8, 11].

IgG subclass deficiency is usually asymptomatic, and low
levels of 1 or more IgG subclasses can be found in 29%-20%
of healthy individuals [12, 13]. If symptomatic, patients with
IgG subclass deficiency tend to have recurrent sinopulmonary
bacterial infections [13]. However, to our knowledge, IgG sub-
class deficiency has not been studied in detail in humans with
influenza infection, although in mouse models, anti-influenza
antibody (and specifically 1gG) has a key role in virus control
in the lower respiratory tract, compared with the up-per res-
piratory tract [14, 15}. In humans, Logtenberg et al [16] de-
scribed a single patient with severe trans{tory hypogamma-
.globulinemia associated with acute influenza A virus infee-
tior. However, in this case, all immunoglobulin classes (IgG,
IgM, and IgA) were affected. Other than this report, we can
find no other association between influenza and immunoglob-
ulin deficiency. ' .

Thus, it is uncertain whether we have simply identified a
cohott of patients with HIN1 infection with underlying un-
recognized IgG, deficiency, or whether there is an interaction
between the HINI virus and the host that leads to such de-
ficiency. Given that the halflife of IgG, is ~3 weeks [17], a
potent and specilic interaction between HINI virus and host

B cells would need to occur to lead to such a precipitous de- ’

crease in serum [gG,. Bone marrow apoptosis of B cells by

influenza virus has been demonstrated in mice [18], but how
this relates to disease in humans remains unclear. However, the .

fact that the IgG, deficiency that we identified appears to persist
in most cases long after disease resolution {convalescent serum
samples were collected a mean (% SD} of 90 + 23 days after
_the acuie phase of illness} suggests the possibility of potential

long-term implications for these patients and that follow-up.

.of moderate and severe cases of HIN1 infection may be war-
ranted.

Because of our findings, we hypothesize that IgG, deficiency
may be associated with an inability to mount an early effective
immune response to influenza and may therefore be linked to
severe disease. Furthermore, if the IgG, deficiency that we ob- '
served is long-lasting or permanent, will this affect the patients’
likely response to influenza vaccination? Response to influenza
vaccination is measured by specific neutralization assays, rather
than by total immunoglobulin concentrations, and it is not
known whether response to influenza vaccination by individ-
uals who are [gG, subclass deficient is diminished.

Pregnancy is 2 known risk factor for increased severity of
both seasonal and pandemic influenza infections [19-23],
which is thought to be attributable to pregnancy-related phys-
iologic and immunologic changes, such as decreased lung ca-
pacity and increased cardiovascular demand, as well as a shift
away from cell-mediated immunity to humoral immunity [24]."
Our finding that a substantial number (10 of 17) of our healthy
pregnant cohort had mildly low IgG, and/or IgG, levels is con-.
sistent with the known decrease in immunoglobulin levels that

. occurs during normal pregnancy and resolves after delivery (235,

26]. Low IgG, levels in pregnant women could therefore po-
tentially explain why pregnancy appears to be a risk factor for
severe HINT1 infection [2—4]). However, this alone does not
appear to explain the significantly lower levels of IgG, observed
among pregnant patients with HiN1 infection, compared with
levels among our healthy pregnaht control subjects (P = .001),
nor the fact that IgG, deficiency persisted postpartum in some
women with severe HIN] infection.

Although IgG, deficiency appears to be associated with HINT
infection severity, it remains uncertain whether administration
of immunoglobulin to patients who are IgG, deficient is likely
to be therapeutically beneficial. We administered pooled im-
munoglobulin to some of our patients with severe HIN1 in-
fection who had IgG, deficiency, but our observations were
uncontrolled. Nevertheless, convalescent blood products were
administered during the Spanish influenza pandemic with a
reduction in mortality (27}, and more recently, convalescent-
phase plasma samples obtained from a patient who recovered
from H5N1 influenza infection was used successfully {28], Fur-
ther investigation of the use of convalescent-phase blood prod-
ucts in severe pandemic H1N1 infection is needed.

Our study has a number of important limitations, including
being of relatively limited size and lacking suitable specimens
to analyze patient cellular immunity or to assess influenza virus
neutralization, and we have not compared our findirgs with*
those that might be expected among healthy nonpregnant con-
trol subjects. Furthermore, with the number of cases of HIN1
infection now decreasing in Australia, our findings need to be
confirmed in other geographical locations (although the HINI
strain circulating in Victoria appears to be the same as that

- isolated in the Northern Hemisphere) [4].
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Nevertheless, we considered our finding of a statistically sig-
nificant association between IgG, deficiency and HINT infec-
tion severity to be sufficiently notable and hypothesis-gener-
ating in terms of potential clinical therapeutic importance that
prompt notification of these data to clinicians managing cases
of HINI infection was warranted.
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_ Risk for
Transmission of
Pandemic (H1N1)

2009 Virus by Blood
Transfusion

To the Editor: (nfluenza A pan-
demic (HIN1) 2009 virus emerged in
early 2009 in Mexico and has since
spread worldwide, In Japan, the first
outbreak of the novel influenza was
reported in May 2009 (/) and became
pandemic in November. Although no
cases of transfusion-transmitted influ-
enza have been published, evidence
exists of brief viremia before onset
of symptoms (2,3). The possibility
of transmission of this virus through
transfusion of donated blood is of con-
cern. The Japanese Red Cross Blood
Centers have intercepted blood prod-
ucts with accompanying postdonation
information indicating possible pan-
demic (11N1) 2009 infection and at-
tempted to identify the viral genome
in those products by using nucleic acid
amplification technology (NAT).

During June-November 2009,
hlood “samples were collecied from
plasma and erythrocyte products ihal
had been processed from donations;
postdonation  information  indicated
diagnosis of pandemic (HINI} 2009
infection soon after donation. Viral
RNA was exiracted from plasma sam-
ples and crythrocyte fractions by using
a QlAamp Virus Biorobol MDx kit
(QIAGEN, Valencia, CA, USA) and
a High Pure Viral Nucleic Acid Large
Volume kit (Roche Diagnostics, India-
napolis, IN, USA), respectively. RINA
samples were subjected to real-time
reverse transcription—PCR (RT-PCR)
ofhemagglutinin (HA) and matrix (M)
genes of influenza A by using PRISM
7900 (Applied Biosystemns, Foster
City, CA, USA). The RT-PCR of HA
was specific for pandemic (HIN1)
2009 virus, whereas the RT-PCR of M
was designed to detect both pandemic
(HINT1) 2009 and seasonal influenza
A viruses. The sequences of probcs

722 .

and primers werce synthesized accord-
ing 1o the protocols developed by the
Japanese National Institute of infec-
tious Diseases (4). Either 200 pl of
a plasma sample or 100 pL of packed
ervthrocytes was used for each test,
and the test was performed 2x [or each
gene in each sample. Before the inves-
{ipation using donated blood samples,
the sensitivity of the NAT system was
checked by spiking experiments. Viral
particles of pandemic (HINI) 2009
virus (A/California/04/2009 [HINI]),
donated by the National Institute of
Infectious Diseases, were spiked into
plasma and erythrocyte samples from
heaithy volunteers. Viral RNA was
detected in the plasma samples spiked
with viral particles correspending to
300 genome equivalents/mL and in

" the packed erythrocyte samples spiked

with viral particles corresponding to
3,000 genome cquivalents/mL.

NAT was conducted by using 96
plasma and 67 erythrocyte samples ob-
tained from 96 blood donors wha had

25 A

20

10 A

No, donations

symptoms of influcnza within 7 days
postdonation. For 20 donors, pandem-
ic {HIN1) 2009 was diagnosed within
I day postdonation and, for another
20, within 2 days postdonation (Fig-
ure). Pandemic (HINT) 2009 virus
was not found in any of the samples
tested, but it was consistently detected
in the exiernal positive conlrol. These
results supgest that the viremia with
pandemic (HIN1) 2009 vitus, if any,
.is very low and can be misscd by cur-

reni NAT or that the viremic period is .

too brief {o identify virernia. Although
the risk for ransmission of pandemic
influenza by transfusion seems to be
low, further investigation is needed 1o
elucidate this risk. :

Chigko Matsumoto,
Rieko Sobata,
Shigeharu Uchida,

Takao Hidaka, Syunya Momose,
Satoru Hino, Masahiro Satake,

" and Keniji Tadokoro

w1iG-19y
020-29y
@30-39y
B40—49y

4 5 6 7

- Days postdonation

Figure. Number of blood donations from.persons for whom pandemic (H1M1) 2009 infection
was diagnosed postdonation and fime between donation and diagnosis, by donor age,

Japan.
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Letters

Letters commenting on recent articles
as well as letters reporting cases,
outbreaks, or onginal research are
welcome. Leﬁefs commenting on ar-
ticles should contain no more than
300 - words and 5 references; they are
mare likely to be published if submitied
within 4 weeks of the original article's
publication. Letters reporting cases,
outbreaks, or original research should
contain no more than 800 words and
10 references. They may have 1
Figure or Table and should not be di-
vided into sections. All letters should
contain malerial not previously pub-
lished and include a word count.
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Rapid Emergence
of Oseltamivir
Resi_stance

To the Editor: The influenza
A pandemic (HINI) 2009 virus has
spread globally since it frst appeared
in Mexico in April 2009, This third
influenza pandemic since the Span-
ish’ influenza pandemic of 1918 (/)
has caused at least 400,000 infections
within 6 monihs; estimated mortality
rate is 1.2% (2). Emergence of osel-
tamivir resistance in the pandemic
(HIN1Y 2009 virus is a rising" chal-
lenge to global control of the pan-
demic. So far, 39 oseltamivir-resistant
pandemic (HIN1) 2009 viruses have
been reported worldwide (3). Among
the 32 resistant strains reported in Oc-
tober 2009, a total of 13 (41%) were
associated with postexposure chemo-
prophylaxis and 16 (5094} were from
samples of patients receiving oselta-
mivir (3), We report rapid emergenee
of resistance (H275Y mutation) in a
patient, 4 days afler carly treatment
with standard doses of oseltamivir for
pandemic (HIN1) 2009 pneumonia.

On September 1, 2009, a 20-year-
old man with menta retardation con-
sulted the eémergency department of
Kaohsiung Veterans General Hospital
afler 1 day of fever, sore throat, and
nonproductive cough. A rapid diag-
nostic antigen test (Quick Vue Influen-
za test; Quidel, San Diego, CA, USA)
showed the man to be positive for
influenza A. He was hospitalized for
bilateral pneumonitis and treated with
osetiamivir (75 mg 2x/day for 5 days),
ampieillin/sulbactam, and erythromy-
cin. However, a progressive increase
in bilateral perihilar interstitial in-
filtration developed on the third day,
accompanied by increasing dyspnea.
Influenza A pandemie (FH1N1) 2009 vi-
rus was isolated (rom the patient’s na-
sopharyngeal seeretions on days 1 and
4 by using MDCK cells. Afler DNA
sequence analysis of the neuramini-
dase gene, the mutation of H275Y was
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not found in the first isolale, but se-
quence analysis of the second isolate
detected mixed populations (C/T} in
the 823-n( position of the neuramini-
dase genc. Only a single pattern (T)
was found from the cultured viruses,
indicating a mixed quasispecies of

oseltamivir-resistant and -susceptible
. viruses emerging after 4 days of os-

cltamivir treatment. The oseltamivir-
résistant viruses become dominant in

"the cell culture—propagated viruses.

Chan et al. reported a similar case in
which the original clinical specimens
contained a mixed population of vari-
ants, and oseltamivir-resistant viruses
become dominant afier the passage in
MDCK cells (€.

On his 9th day in the hospital, the

patient was intubated because of acute
respiratory distress syndrame (Figure)
and given levofloxacin. Urine samples
were negative for Preumococcus and
Legionella spp. antigens. The patient
improved and was extubated on hos-
pital day 16.

Paired serologie test resulls were

negative for Mycoplasma preumonice -

and Legionelfa spp. antibody; howev-
er, immunoglobulin G for Chlaniydia
preumoniae Increased 4-fold. By 37
days after illness onset, clinical signs
and symptoms resolved and bilateral
lineoreticular infiltration was reduced.

On August 8, 2009, Taiwan had
the most devastating typhoon (Ty-
phoon Morakot) in 50 years. The
patient reported here had stayed in a
typhoon evacuation camp for 1 week
before his influenza signs and symp-

.toms developed. Although 4. sporadie

cases of pandemie (HIINL) 2009 in-
feetions were reported from the same

camp, none of the isolated viruses- .
harbored the H275Y mutation in the

neuraminidase gene. No evidence of
virus transmission was found among
healthcare personnel, family members,
and camp members who had been in
close contact with the patient,
Oseltamivir has been recommend-
ed by the US Centers for Disease Con-
trol and Prevention for the reatment of
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Infection with the recently emerged pandemic influ-
enza A(HiN1) virus causes mild disease in the vast
majority of cases, but sporadically also very severe
disease. A specific mutation in the viral haemaggiu-
tinin (D2226G) was found with considerable frequency
in fatal and severe cases in Norway, but was virtually
absent among clinically mild cases. This difference
was statistically significant and our data are consist-
ent with a possible causal retationship between this
mutation and the clinical outcome.

The 2009 influenza A{H1N1) pandemic has been char-
acterised by mild and seif-limiting disease in the over-
whelming majority of cases, However, severe and fatal
-cases, many of them with primary viral pneumonia,
have been occurring in age groups where such clinical
outcomes are very rarely seen in seasonal influenza
[1,2]. it.is important to better understand what viral
and host-related factors determine this dichotomy.

Genetic characterisation of clinical -
specimens .
As part of the intensified surveillance carried out dur-
ing the current influenza pandemic, the national refer-

- ence laboratory for human influenza at the Norwegian
Instituta of Public Health collected a large number
of respiratory specimens from verified and possible
cases of pandemic influenza. In the present study we
analysed 61 respiratory specimens from severe and
fatal cases t_hat occurred between July and December
20049, a5 well as from 205 cases with mild clinical out-
comes collected between May 2009 and jJanuary z010.
Genetic characterisation was performed using con-
ventional sequencing, or with a pyrosequencing assay
subsequently developed to detect the particular muta-
tions described below-and which facilitated investiga-
tion of a large number of specimens.

Here we report the occurrence of an amino acid substi-
tution, aspartic acid to glycine in position 222 (D222G)
in the HA1 subunit of the viral haemagglutinin, in clinical
specimens from 11 out of 61 cases analysed in Norway
with severe outcome. Such mutants were not observed
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in any of 205 mild cases investigated (Table), thus the
frequency of this mutation was significantly higher in
severe {including fatal) cases {p<o.001, Fisher’s exact
test, two-sided) than in mild cases, D222G mutants
were detected throughout the sampling period, from
the first recorded severe cases in July until early
December. The frequency of another substitution in
the same position, D222E, did not differ significantly
between mild and severe cases (p=o0.772). Yet another
substitution, D222N, was observed in a very few cases
{n=4), and at a higher rate than expected among severe
cases [(three of four cases, p=0.039). The wild type
222D was, not surprisingly, significantly less frequent
in severe than in mild cases (p<o.001). ‘

In several of the patients where D222G mutant viruses
were found, they coexisted with wildtype 222D viruses.
Further analysis of this phenomenon is ongoing.

The cases infected with the D222G-mutated virus were
not epidemiologically related to each other, and the
mutated viruses do not cluster together in phyloge-
netic analysis {data not shown),

Validity and limitations of the analysis

" Cases with severe clinical outcomes were much more

likely to be included in our study for several reasons:
they are more likely to seek healthcare, they are more
likely to be prioritised for virological testing, and their
specimens are more likely to be forwarded to the
national reference laboratory where they have a higher
chance of being selected for detailed analysis than
viruses from mild cases. Because of this, we chose
to record the frequency of a given genotype in each
severity group and compare it with the corresponding
frequency in other severity groups. This approach is
not expected to have a selection bias.

Céses were classified as mild, severe non-fatal and
fatal based on the patient information that was avail-
able to us. Some seemingly mild cases may later have
exacerbated fo severe gutcomes without our knowl-
edge, or the presented patient information may have



been incomplete, but we think these cases must be
few. On the other hand, all severe and fatal cases were
confirmed as non-mild. Thus, the fact remains that
only cases confirmed as severe outcomes exhibited the
D222G mutation in our investigation.

The sampling period for the cases analysed spans
from theinitial detections of the pandemic HiN1 virus
in early May 2009 until early January 2010. The First
severe and fatal cases occurred in July. By the end of
December, the epidemic in Norway had largely passed,
and a large proportion of cases in our data set is from
the peak period in October and November. At all times

. an effort was made to include a reasonable number of
non-severe cases in our analyses, and such cases were
well represented throughout the pandemic. The frac-
tions of severe/fatal cases among all analysed cases
during the two-month periods july/August (n=21),
September/October (n=84), and November/December
{n=149), were within the range of 23% to 26%. Severe
outcomes were not recorded among the few cases in
May and June {n=11) and in january (n=1). We thus do
not see a trend over time in the composition of severe
versus mild cases in our dataset that could lead to
an artificial difference in the frequency of the D222G
substitution. Furthermore, the D222G substitution was
represented also among the earliest fatal and severe
cases in july and August.

Specimens from -both the lower and upper respiratory
tract were analysed. Lower respiratory tract speci-
mens were available from severe/fatal cases only, and
in some cases they were the only materials available.
However, in all cases where we had paired upper and
lower airway specimens (five cases with 222D and four
cases with 222G), the wildtype-versus-D222G pattern
was matching between the locations. We have there-
fore no reason to believe that this difference in propor-
tion of lower airway specimens distorted the analysis,

Discussion

Amino acid position 222 resides in the receptor bind- -

_ ing site of the HA protein-and may possibly influence
the binding specificity and thus the cellular tropism
of the virus, The corresponding difference between

TABLE

two viruses from the 1918 Spanish influenza pandemic
correlates to a shift in receptor preference 3], which
conceivably couid make the virus prone to infect a
wider range of cells in the lower respiratory tract [4,s].
However, the effect of a mutation depends on the
molecular context and it is unclear whether the bind-
ing properties are affected likewise in the present pan-
demic virus as they were in the 1918 influenza virus.

Qur observations are consistent with an epidemiologi-
cal pattern where the D222G substitution is absent
or infrequent in circulating viruses, with the muta-
tion arising sporadically in single cases where it may
have contributed to severity of infection. This may aid
in filling some knowledge gaps identified in a recent
preliminary review of this and other mutations in the
pandemic virus [6]. The correlation hetween presence
of the Dz22G substitution and a severe clinical out-
come may reflect an increase in pathogenicity caused
by the mutation, possibly related to a change in cel-
lular tropism rendering the virus more pneumotropic.
Conversely, it is possible that the likelihood of such
mutations arising is higher in patients who fail to fight
off the virus rapidty and have virus already colonis-
ing the lower respiratory tract. These two possibili-
ties are not mutually exclusive. A large proportion of
the fatal and severe cases had underlying risk condi-
tions. However, some of the D222G cases manifested
themselves as a rapid unexpected deterioration after
a period of mild symptoms in previously healthy suh-
jects, and we consider it likely that there is a causal
relationship between the occurrence of the Dz2226G
mutation in this virus and severe disease.

it should be borne in mind, however, that the majority
of severe and fatal cases investigated did not carry the
D222G substitution and, clearly, this mutation is not
required for a severe outcome. ,

Conclusions

To our knowledge, this is the first identification of a
change in the pandemic virus that correlates with a
severe clinical outcome. However, whereas our data
lend statistically significant support to an association
between the Dz222G mutation and severity, the number

Pandemic influenza A(HIN1) viruses characterised for amino acid position 222 of the haemaggtutinin HA1 domain, by

clinical outcéime, Norway, May 2009-January 2010 {n=266)

Clinjcal outcome?

Severe plus fatal

HA1 position 222 genotype® ?ne:;:)! (E:t:;) n=62) ?:;chaﬁs :)s
222D (wf) 92% (185) B2% (28) 59% (16} 72% (44) 88% (233}
2226 - 0% {0) 8.8% (3) 30% €8} 18% (19 4.1% (11}
223 7.3% {15) 2.9% (1) 7.4% (2) 4.9% (3) . 6.8% (18}
222N 0.5% {1} 5:9% (2) 3.7% (1) 4.9% (3 1.5% (4)

Total 100% 100% 100 % 100 % 100 %

" 3 Clinfcal outcome based on patient informalion, assigned into categories by @ medical specialist according to WHO guidance criteria [af.
b Percentage of genotype within each cifnical category is given, with number of cases per category in parentheses. -
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of miid cases would need to be larger to determine
whether mutant viruses are indeed circulating at a
very low frequency also in non-severe cases. Provided
that Dz22G mutant viruses are not circulating, iLe.

that they are less transmissible, the immediate public

health impact of this finding is limited. However, it may
have implications for the management of severe cases
where the virus, if transmited through massive expo-
sure, may be more virulent than the commonly circu-
lating variant. Furthermore, it may serve as a reminder
that the generally very tow virulence of the current pan-
demic virus is not a fixed characteristic, and that there
is no reason for complacency in carrying out measures
that limit infection with this virus at individual and
population level, '

Further virological, clinical and epidemiological inves-
tigations are needed to ascertain the role of this and
other mutations that may alter the virulence and trans-
missibility of the pandemic influenza A(H1N1) virus.
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Abstract “The highly pathogenic avian influenza H5N1
viruses usually cause severe diseases and high morality in
infected humans., However, the tissue tropism and under-
lying pathogenesis of HSN1 virus infection in humans have
not been clearly elucidated yet. In this study, an autopsy
was conducted to better understand H5N1 virus distribu-
tions in tissues of infected humans, and whether H5N]
virus can replicate in extrapulmonary tissues. We found
that the lungs had the higher viral load than the spleen,
whereas no detectable viruses in tissues of heart, liver,
kidney, large intestine, small intestine, or brain. Specifi-
cally, the viral load was higher in the left lung (7.1 log10
copies per ml) in relation to the right lung (5.7 log10 copies
per mi), resulting in more severe pathological damage in
the left lung, and lung tissues contained both positive- and
negative-stranded viral RNA. However, there existed a low
level of H3NI viruses in the spleen (3.8 logl0 copies per
ml), with the absence of positive-stranded viral RNA. Qur
results indicate that replication of .H5N1 viruses mainly
occurs in the lungs, and the degree of lung damage is
highly correlated with the viral load in the lungs. The low-
load viruses in the spleen might be introduced through
blood circulation or other ways.

Keywords Influenza virus - H5N1 - Replication -
Viral load - Tissue distribution
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Introduction

The highly pathogenic avian influenza H5N1 viruses could
replicate systemically in a variety of organs in poultry,
such as respiratory tract, intestine, and spleen, affecting
these organs, even the central nervous system [1—]. HSNI1
viruses could also cause disseminated infections in either

naturally or experimentally infected mammalian species,’

1.e., tiger, leopard, and ferret {3-10). However, evidence
for extrapulmonary replication of HSN1 viruses in humans,
in general, has been lacking at present. Some studies had
found HSNT viruses exclusively in respiratory tract (mainly
in lung} {11, 12]. Other studies had found the presence of
H5NI viruses in many extrapulmonary organs, such as
intestine, liver, and brain, which indicaied that virus dis-
semination seems to occur in some humans through blood
circulation or other ways [13-17). In March 2006, the first
case of avian influenza H5N1 virus infection was identified
in Guangdong province of China. An autopsy was then
conducted to detect the virus distribution and load, which,
we hoped, would provide some insights into HSN1 infec-

tion and replication in both pulmonary and extrapulmonary

organs.

Materials and methods
Patient and virologic diagnosis

A thirty-six-year-old male patient, who had a 4-day history
of discomfort of fever, throat pain, and dry cough, was
admitted to hospital on February 26, 2006. A chest radio-
graph obtained on admission showed evidence of left Jower
pneumdnia. His. condition was rapidly deteriorated, fea-
tured by consecutive high body temperature and
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dysfunctions of multiple systems, including respiratory
system, circulatory system, central nervous system, liver,
kidney, and gastrointestinal system. Chest radiograph
revealed a massive consolidation shadow in both fungs on
February 28, which, however, was much more severe in the

left lung. Despite active treatment, the patient finally died -

from adult respiratory distress syndrome (ARDS) compli-
cated with multiple organ failure (MOF) on March 2, None
of the anti-influenza drugs, such as oseltamivir or aman-
tadine, were used in the treatment.

This patient had been to the market where live chickens
were slaughtered for sale 1 week prior to onset of symp-
toms, so the patient’s tracheal aspirates were detected for
H5N1 viral RNA using H5N1 real-time RT-PCR Kit (PG
Biotech, China) on March 1. The full-length gene segments
of hemagglutinin (HA) and neuraminidase (NA) were
amplified by using one-step RT-PCR Kit (Qiagen, Ger-
many) with the specific primer pairs (HA-F 5-AGCAAA
AGCAGGGGTTCAAT-3', HA-R 5-AGTAGAAACAAG
GGTGTTTT-3"; NA-F ¥-AGCAAAAGCAGGAGTTCAA
A-3, NA-R 5-AGTAGAAACAAGGAGTITTTTT-3/),
the reaction was subjected to a pre-cycle condition con-
sisting of 30 min at 50°C(for reverse transcription), 15 min
at 95°C followed by 25 circles of amplification, Each
cycles consisted of 94°C for 30 s, 50°C for 30 s, and 72°C

for 1 min 45s. The amplification ended with a final .

extension at 72°C for 10 min. The PCR products were
purified and cloned into the pGEM-T .vector (Promega,
USA}). The positive clones were sequenced with T7 and
SP6 primers by a 3730 automated DNA sequencer (ABI,
USA). :

Analysis of viral load and replication in autopsy
. specimens 7

On March 4, 2006, an autopsy was carried out in Zhong- -

shan School of Medicine, Sun Yat-sen University, Tissues
of the left lung, right-lung, brain, heart, spleen, liver, kid-
ney, large intestine, and small intestine were obtained,

" respectively. Some specimens were used for pathological
analysis, and the remaining was stored at —80°C in small
pieces for future study.

The obtained tissues were minced on ice with presence
of culture medium, which were then centrifuged at the
speed of 1,500 rpm for 15 min at 4°C. Supemnatant was
collected and added into lysis buffer of QIlAamp. Viral
RNA Kit (Qiagen, Germany). RNA was then extracted
according to the manufacturer protocol. Viral RNA was
detected using HSN1 real-time RT-PCR Kit (PG Biotech,
China) on ABI 7000 Real-Time PCR System (ABI, USA).
‘Standard curve was used in the quantitative analysis of
H5N1 RNA isolated from the autopsy tissues. In our study,
the preparation of reagents, nucleic acids extraction, and

nucleic acid amplification were performed in three physi-
cally separated laboratories. :

To analyse viral replication in autopsy tissues, strand-
specific RT-PCR was performed with H5 specific primer
pairs H3F (5-GCCATTCCACAACATACACCC-3, 943~
963) and HSR (5-CTCCCCTGCTCATTGCTATG-¥,
1158-1139). Briefly, two-step reactions were used. First,
RT reaction was done in the presence of the primer H5F or
H5R. cDNA products then underwent PCR with H5F and
H5R. The amplified fragment was about 216 bp and

" detected by agarose gel electrophoresis.

Results

Real-time RT-PCR had revealed H3NI viral RNA in the
patient’s tracheal aspirates. HA and NA gene sequences
amplified were the most related to those of avian influenza
H5N1 viruses, Duck/Guangxi/5165/05 and Duck/Hunan/
1265/05 (99.5 and 99.1% homologous, respectively).
Therefore the patient was. identified as avian influenza
H3NI virus infected.

Real-time RT-PCR had detected H5N1 viral RNA in the
lungs and spleen, whereas there was no detectable viral
RNA in tissues of heart, liver, kidney, large intestine, small
intestine, or brain. Specifically, the viral load was higher in
the left lung (7.1 loglO copies per ml} in relation to the
right Iung (5.7 loglQ copies per ml); and there existed a
fower level of H5N1 viruses in the spleen (3.8 log10 copies
per mi) (Fig. 1). To confirm a successful HSN1 viral RNA
isolation from the autopsy tissues, GAPDH mRNA
anmiplified using RT-PCR served as the internal reference in
our study (data not shown). At the same time negative
controls did not produce H5 genes, which suggests there is
no cross contamination in RT-PCR amplification.

To further elucidate whether HSN1 -viral RNA in the
Iungs and spleen was H5N1 genome RNA, or alternatively,
was replicated by H5N1 viruses, we performed sirand-
specific RT-PCR amplification. Qur results indicated that
negative- and positive-stranded RNA were detectable in
botb the left and the right lung, but there was only nega-
tive-stranded RNA in the spleen (Fig. 2). An independent

" duplication RT-PCR was perfornied under the same con-

dition to confirm the result. -

Discussion

In our study, a high viral load was detected only in the
Jungs in which both positive- and negative-siranded RNA
coexisted, which was consistent with previous findings that
replication of HS5N1. viruses mainly occurs in the lungs of
humans and mammals [18-20]. In line with the finding that

@ Springer

127



78

Virus Genes (2009) 39:76-80

Fig. 1 Interpretation of HSN1
influenza viral RNA in autopsy
tissues by single real-time RT-
PCR. Differcnt load of H5N1 el
influenza viral RNA existed in
the left Tung, right lung, and
spleen
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Fig. 2 Detection of positive- and negative-stranded viral RNA in the
lungs and spleen by strand-specific RT-PCR, M DNA mark, —
Negative-siranded RNA, + Positive-stranded RNA, Meg Negative
conirol

the viral load was higher in the left lung in relation to-the
right lung, a chest radiograph obtained on admission
showed evidence of left Jower pneumonia, and histopa-
thological analysis of the autopsy specimens had also
suggesied more severe pathological damage of the left
lung, featured by more severe alveolar damage and diffuse
exudation [21]. These results had demonstrated that the

viral load in the lungs was related to the degree of lung
damage. However, whether the observed damage was a

direct result of the viral replication or a consequence of the
dysfunction of cytokines and chemokines induced by these
high-load viruses were still unclear.

Previous studies had shown that avian influenza H5N1
viruses could also targer immune organs, in addition to the
Iung [22, 23]. In our study, a low viral load was detected in
the spleen, but with absence of positive-stranded H5N]
viral RNA. Influenza viruses contain negative-stranded
RNA, and they first replicate positive-strand RNA, which
served as mRNA-and the template for genome replication
of progeny virus. In our study n¢ positive-stranded viral
RNA was detected, which suggested that the HSNI virus
did not replicate in the spleen, or that only little replication

@ Springer
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occurred (24]. The HSNT viruses of low load in the spleen
might be introduced through blood circulation or other
ways. '

When compared with that of the human- or swine-
derived influenza viruses, NA activity of the avian influ-
enza viruses is more resistant to the low pH environment in
the upper digestive tract [25, 26). Accordingly, the highly
pathogenic avian influenza H5N1 viruses can replicate in
human intestine, resulting in gastrointestinal symptoms, so
that HSN1 viruses were detected in the intestine of infected
humans {24, 27, 28]. Clinical data had suggested that the
patient presented gastrointestinal symptoms in early stages
of disease progression, which finally developed into gas-
trointestinal dysfunctions. But viral RNA was detected
neither in large intestine nor small intestine in our study.
Some literature suggested that antiviral drugs can lower the
level.of viral replication and interfere with the detection of

viruses in the examined tissues [?4, 29]. However, none of .

the anti-inAuenza drugs, such as oseltamivir or amantadine,
were used in the treatment.

The HA cleavage site of highly pathogenic H5NI
viruses contains multiple basic amino acids, which could
be hydrolyzed by a broader range of cellular proteases, so
that the tissue tropism for H5N1 viruses is not restricted to

- the lungs, but extends to other organs, including the brain

[30, 3]]. A boy confirmed as H5N1 infected presented with
severe diarrhea and acute encephalitis symptoms, and

H5N1 virus was isolated fromn patient’s throat, serum, .

feces, and the cerebrospinal Auid [32]. In addition to lung
tissues, some stodies had detected both positive- and neg-

ative-stranded RNA in large intestine, small intestine, and’

liver, suggesting the possibility of viral replication in the
intestines and liver [135, 24]. Funthermore, viral gene
sequences and antigen were detectable in neurons of the
brain, T cells of the lymph node, and-Hofbaver cells of the
placenta, which was indicative of. viral replication in
extrapulmonary tissues [29}. The H5N1 virus obtained

from. the ‘patient has multiple basic amino acids at the HA' -

\

128




Virus Genes (2009} 39:76-80

%

cleavage site, which has molecular characteristics of the
highly pathogenic avian influenza viruses [33). The viral
RNA was detectable in the patient’s lung and spleen in our
"study. These findings suggested that HSN1 viruses might
be transmitted to exirapulmonary tissues, causing dissem-
inate infection. However, viral distribution and replication
vary to a cerain extent from individual to individual,
which might be explained by tissue tropism differences of
viral strains, or that viral distribution might differ in dif-
ferent stages of disease progression, or that different indi-
viduals reacted differently to H5N1 viruses.

The autopsy tissues of H5NI infected cases can often
not be obtained due to various reasons (e.g. religion), so
reports concerning the tissue tropism and distribution of
H5N1 viruses are lacking. We studied HSN1 viral load and
replication in autopsy tissues, and the relationship between
the. viral load and tissue damage, which had significant
implication for the further investigation of the tissue tro-
pistn and pathogenesis of HSN1 viruses.
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Untersuchung von BSE-Nachkommen auf Protease-
resistentes Prion Protein (PrP™=) im Blut

U, Braun!, A, Tschuor?, M.Hi.ssi'g‘. S, Fx;nitzn‘, E. Berli?, A. El Gedally’, N, Fronscinl®, U, Motthey’, R. Zahn! N

"Departement fir Nutztiere der Universitat Ztrich, 2hlicon AG, Schlieren

Zusammenfassung

Das Ziel der vorliegenden Arbeit war, zu untérsuchen,
ob im But von schweizerischen BSE-Nachkommén
{Gruppe A) Protease-resistentes Prion Protein (Pr=)
vorkommt und ob sich die Haufigkeit des Vorkom-
mens yon derjenigen tiner gesunden Kontrollpopula-
tionaus dem Jehr 2006 (Gruppe B) unterscheidet. Die
Gruppe A bestand ans [8) Machkommén von an BSE
erkrankien KDhen, die Gruppe B aus 240 gesunden
Rindern aus einem Gebiet, in welchem in den Jahren
2001 bis 2006 keine BSE dizgnostiziert worden war.

{(Alicon PrioTrap®) zum Nachweis von Protease-resis-
tentem Prion Protein wntersucht..Um abzukliren, ob
zwischen der Zeftdiffereriz von der Geburt des Nach-
komimens bis zur Efkrankung der Mutter en BSE eine
Bezichung in Bezug auf den Nachweis von PrP= beim
Machkommen bestand, wurde diese Zeitdauer bei
-jedem Nachkommen errechnet. Bed 29 (16.1%) von
181 untersuchten BSE-Nachkommen wurde im Blut-
plasma PsP'* nachgevriesen, 152 Tiere waren negativ.

41 Nachkommen, dle innerhalb eines Jahres yor dem

Aufireten von Klinischen Symptomen des Muttertieres
geboren worden waren, wiesen im Blut signifikant
himfiger PrPra aufels Tiere, bei denen der zeitliche Ab-
stand von der Geburt bis zur Erkrankang mehr als ¢in
Jahr betrdgen hatte (P < 0.05), In der Kontrollgruppe
wurden 10 yon 240 Tieren (4.2 9) positiv auf Prp~
getestet. Die Untersuchungen haben gezeigt, dass
beim-Rind im Blut Protesse-resistentes Prion Protein
nachgewicsen werden'kann und dass dieses bei Nach-
kopunen von BSE-Kithen haufiger vorkommt als bei
Ticren aus einer gcsundenllontmllpoptﬂaﬁun.

Schhisselwdrter: Rind, BSE-Nachkommen, Protease-
resistentes Prign Pmtem

) 'D_m vorliegende PuHih'tmx berulir auf den Elgtlmmm der
Dissertation vor Dr. Andreds Tichuor

Dije Blutproben wurden mit einem BSE-Lebendtest i

[4

Protease-tesistant prion proteiri(FrP=} in the

blodd of offspring of cows that devdoped-BSE

‘The goal of the present study was to inv:stig-ale wheth”

€T protease-resistant prion profein {(PrP) occurs in_

plasma samples of offspring of cows that develaped
bovine spongiform encephalopathy (BSE; goup A)
and to tormpare the' pxe\mlmce with that of u Healthy

contrel group in 2006 (Grolip B). Group A consist-

ed of 181 offspring of cows that developed BSE and
group B consisted of 210 healthy animals fiom a re-
gion in Swilzerland where po cases of BSE occurred

from 2001 1o thé ‘end-of 2006. All plasma zamples |-
were evaluatéd using Alicen PrioTrap®, an antemor--
tem test for PP, The time between birth of the offt’

spring and onsct of BSE in the dem was calculited to
detertiiine its relationship with the presence of Pre~
in the plasma of the offspring. From T81 offspring, 29
(16.1%) hadPrPf“-posmvcplasmsamp!cs. Bﬁsprmg
that were bom-within'ong yéar of the paset "6£ BSE
in !he dam had.a ﬂgmﬁmntIy higher prevalence of
PrBres-positive plasta samples than those borm more
than one year before the'onset of BSE in the dam, Ten
{4.29) of 240 contral cattleHad FrPe-positivé plasma
samples. Thus, PrP*= can be detected in bovine blood
and occurs more frequcntly in the offspring of cows
that develop BSE than in catﬂt of a healthy controf
puladon.

Keywords: cattle, offsprings of BSE cows, PrPe

-

AL T m L Tl s e e S N

133




ey bukdog 'S Aq pejpataxd g Aaw pue Amd pui) 8 Ag SuRIRa jo Ay [euafieN et jo uonoayjes 21 wosj paidoa sei aied sy Lo Feyrjew SyL

S

UL Braun ¢l ok Band i3, Heft 9. September 1004 £33 - 436

et T

Schovel Alch. Tieekhellk
©)00g by Verhe PansRuber Hogefe AG, Ban

- 434 Originalarbeiten

Einleitung

Bei Nachkommen von britischen BSE-Kithen wurde neu-
rehistologisch signifikant hZufiger BSE diagnostiziert als
bei Nachlommen von Ktthen, die nicht an BSE erkrankt
waren (SEAC, 1996). Das Risiko eines BSE-Nachkom-
mens, setbst an BSE zu exkrankent, wurde vom britischen
Ministry of Agriculture, Fisheries and Food {MAFF) auf
c2. 10% geschitzt, und ¢s wurde praldamiert, dass einc
Obertragung von BSE von der erkrankten Mutfer auf das
Xalb nicht ausgeschlossen werden kenn {(Masood, 1996).
Diese Untersuchungen veranlassten die schweizerischen

- Behttrden im Jabir 1996, alle Nachkommen von BSE-Ko-.

hen Kinisch untersachen, euthanasieren und danach auf
BSE abkliten zu lassen, Bei keinem Tier warden damals
Hinweise fir eine BSE-Infekiion gefunden (Braun et al,
1998; Fatzer et al., 1998). In der seither vergangenen Zeit
haben sich viele Forschergruppen mit der Entwicklung
eines Bluttests zum Nachnweis vor BSE BeschiRigt. Einer
diescr Gruppen ist es gelungen, cinen Test zum Nach-
" weis von Proleasz resistentem Prion Protein (PrP*) in
Korpedflissigkeiten zu cntwickeln (Firma Alicon, un-

verbffentlicht), In der vorlicgenden Arbeit wurde cin in-

dex Validierung befindlicher Prototyp des ante mortem
Testverfahrens zum Nachweis von BSE eingesetzt. Das

Ziel der vorliegenden Arbeit war &, mit Hille des neuen -

Testverfohrens 2u untersuchen, ob im Blur von schivel-
zerischen BSE-Nachkormumen Protease-resistentes Prion

Protein (PrP~) vorkommt und b sich die Hanfigkeit des -

Vorkomniens von degenigen einer gesunden Kantrollpo-
* pulation aus dem Jahr 2006 unterscheidet. *

Tiere, Material und Methoden

Tiere

Blutproben von 2 Tiergruppen (A und B) wurden auf das
Vorhandensein von Protease resistentem Prion Protein
(PrP=) im Blut untersucht. Die Gruppe A bestand aus
181 Nachkommen von an BSE erkrankten Kohen. Die
Nachkominen dieser Kithe waren im Winter 1996/97 auf
Anordoung des schweizerischen Bundesrats an der Kli-
nik filr Wiederkiiver untersncht und deanach enthanasiert
worden (Braun £t 2),, 1958}, Bei den Miittern dieser Tiere
konnte BSE in allen Fillen histologisch nnd immunhisto-
chemisch nachgewiesen werden. Bei den 181 Nachkom-

men dieser Tigre war BSE postmortal weder bel dex neu- ~

rohistologischen noch bei der immunhistochernischen
Untersuchung gefimden worden (Patzer et al., 1998), For
den Nachweis von Protease-resistentem Prion Protein
stand von jedem Machkommen eine Blutplasmaprobe
zur Yerfigung, die seit 1996/97 bei -80 °C golagert wor-
den war, Die Gruppe B bestand aus 240 gesunden Rin-
dem der Schweizer Braunviehrasse im Alter von 1 bis 9
Joheen aus dem Vordgrrheht:l des Xantons Graubiinden,

Die Blutplasmapreben von diesen Tieren waren im Jahr
2006 spezicll fir diese Untersuchung gewonnen worder
BSE war in djesern Gebiet in den Jahren 2001 bis 2006 bei
keinem einzigen Ticr nachgewicsen worden.

Untersuchung der Blutproben auf Prp=

Die Blutproben wurden mit dem Ante Mortem BSE-
Test untersucht. Das Testprinzip beruht ‘darauf, dass in
einem ersten Schritt die Prion Proteine PrB¢ und Prp=
an ¢in Liganden-gekoppeltes Harz (Franscinj et al;:2006}
gebunden werden, welches die Prion Proteine mit hoher
Affinittit und Spezifitdt bindet. In elner zwelten Schritt
wird PrP nach Behandlung der Probe mit Proteinase K
wie beschrieben {McKinley 1963) im Westernblot nach-
gewiesen, Das normale Prion Protein, PrP<, ist Protease-
sensitiv und wird daher im Test nicht nachgewiesen. Ob
es sich bei dem nachgewissenen Protein tatsichlich um
infektisses Prion Protein (PrP%) handelt, muss im 'I'er-
experiment noch bestitigt werden.

Zeitdifferenz von der Geburt dey BSE-Nachkom-
men rur BSE-Exkrankung der Mutter

Um abzukliren, ob zwvischen der Zeitdifferenz von der
Geburt des Nachkommens bis zur Erkrankung der Mut-
ter an BSE cine Bezichung in Beeng aof den Nachweis von
PrP*= heim Machkommen besteht, wurde diese Zeitdauver
for jeden Wachkommen errechnet. ) .

Statistik

Die statistische Auswer.mng der Hiufigkeiten cr'fclgt: roit
demn Programm StatView 5.0 (SAS Institut, 8602 Wangen,
Schweiz).

Ergebnisse

Nachweis von PyP'*

Bei 29 (16.1 96) der 181 untersuchten BSE-Nachkommen
wirde im Blutplasma PrPre nachgewiesen, 152 Tiere wa-
ren im Test negativ. In der Kontrollgruppe wurden 10 von
240 Ticren (4.29%) positiv auf Pri= getertct (Differenz P
<0405). -

Zeitdifferenz von der Geburt der B5E-Nachkom-

men zum Diagnosedatum BSE baim Muttertier

41 Nachkommen waren ein Jahr, 79 Nachkommen zwei
Jahre, 41 Nachkommen drei Jahze und 20 Nachkommen
4 oder mehr Jahre vor der BSE-Diagnose beim Mutter-
lier geboren worden. Nachkommen, die innerhalb eines
Jahres vor der Erkeankung des Muttertieres geboren
worden wearen, wicsen im Blut signifikant haufiger PrP=
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Abbildung It Hiufigkeitsverteilung der zeilichen Abstinde
von der Geburt der BSE-Nachkommen bis zur Erkrankung
der Muttertiere an BSE bei Rindern mit positivewn und nega-
tivem Nachweis von PrP= im Blut {*Differenz zwischen den
2 Gruppen zum Zeéftpunkt t P < 0.05).

auf als Tiere, bei denen der zeitliche Abstand von der Ge-
burt bis zur Erkrankung mehr als ein Jahr betragen hatte
{P < 0.05, Mznn-Whitney-U-Test, Abb, 1}.

Piskussion

Bet 16.196 der schweizerischen BSE-Nachkommen kann-
te im Blut PrP= nachgewicsen werden, obschon diese
Tiere neurohistalopisch und immunhistochemisch BSE-
negativ waren, Im Vergleich dazu wurde PrE*® nur bei
4.2% der gesunden Kontrollpopulation aus dem Jahr
2006 gefunden. Unsere Befunde sind Shnlich wie dieje-
nigen der hritischen Kohortenstudie. Bel dieser Studie
zcigten 14% von 301 BSE-Nachkommen die fur BSE
charakteristischen neurohistologischen Befunde (SEAC,
1957). Die Ergebnisse kbnnen verschieden inlerpretiert
werden, Binerseits ist cs nidglich, dass bei den BSE-Nach-
kommen deshalb mehr positive Fille entdeckt wurden als
bei den Kontrolltieren, weil dic Hachkommen von thren

an BSE erkrankten Milttern infiziert wurdern. Andefer-

seits kann die niedrigere Hitufigheit bei den Xontrolltic-
ren mit dem starken Absinken der BSE-HBnfigkeit in der
Schweiz erklirt werden. Die Tatsache, dass nur 16,1 % der
BSE-Machkommen PrP~ pasitiv reagiert haben, zcigt
dass der maternelen Ubertragung von BSE nur eine Ne-
benrolle bei der Verbrcitung der BSE rukommt. Fir die
Bekamphung der BSE ist es aber wichtig, dass auch dieser
Infcktionsweg durch die Keulung der Nachkommen von
BSE-Kithen nnterbrochen wird. Eine weitere Prage stellt
sich, weshalb in der britischen Studiz 14% der Nach-
kommen neurchistologische Symptome zeigten und in
unserer Studie kein elnziges Tier. Dieser Unterschicd ist
damit zu crkléren, dass die von uns untersuchten Nach-
kommen im Alter von 3.1 % 0.8 Jahren getétet und unter-

sucht wurden, das heisst zu einem Zeitpunkt, wo es nur in
seltensten Fillen zur BSE~Erkrankung gckommen ist. Im
Gegensatz dazu wurden'die britischen Tiere erst im Alter
von 7 Jshren neurohistologisch untersucht. Die im Blut
positive Reaktlon bei gleichzeitig negativem neurohisto-
logischem Befund weist darguf hin, dass die Infekton im
Blut nachweishar ist, bevor es zur Ausbildung neurohis-
tolopischer Verfinderungan komrat,

Bei den BSE-Nachkommen mit einem einjahrigen Zeit-
abstand zwischen jhrer Geburtund der BSE-Erkranking
dér Mutter wurde signifikant haufiger PrP detekiiert
als bei den Tieren mit Mngerem Zeitabstand. Did Be-
funde decken sich mit den Befunden der MAFE Studie,
in welcher fir den: gleichen Zeitabstand cbenfalls eine
signifikante Hinfung der newrohistologisch positiveri.Er-
gebnissé festgestelit wurde (Donnelly et al, 1957). Eine
mbgliche Erldirung fir die Befunde liegt darin, dass Pre®
gegen Ende der Inkubationszeit ausser im Nervengrwebe
auch vermelrt im Blut vorkommt und Gber den Blutweg
den Fetus transplazentar infiziest (Aguzzi, 2006). Die ma-
ternale Transmission elner TSE konnte allerdings bisher
erst bet Scrapie nachgewiesen werden, als in den plazen-
téren Xotyledonen von prikiinisch und klinfsch kranken
Scrapie-Schafen PrP& pefunden ‘wurde (Andreolettf <t
al., 2002), Die maternzle Obertragung von BSE bei ciner
Antilope (Aldhous, 1990} und die BSE-Erkeankung einer
Kub, bei deren Mutter ebenfalls BSE disgnostidiert wor-
den war, liessen allerdings den Verdacht aufkommen, dass
cine maternale Transmission anch bei mit BSE infizierten
Rindern vorkommnen kdnnte {Aldhous, 1991).
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Examens de descendants d’animaux BSE
quant 312 prisenca de protéines prioniques
protéases rési s‘tantes (PrP"') dans le sang

Le but du présent travail était d'étudier si les proté-
nes prioniques  protease résistantes {PrP) énient
présentes dans Ie sang de descendants d'animaux BSE
(groupe A) et de voir si la fréquence dc cette présence
€tait différente de celle constatée dans une population
de contréle en 2006 (groupe B). Le groupe A s= com-
posait de 181 descendauts de vaches atteintes de BSE,
Ie groupe B de 240 bovins d’une réglon dans laquelle
de 2001 2 2006 aucun cas de BSE mavait £t6 diagnos-
fiqué, Les.£chantillons ont €t testés avec Alicon Prio
Trap @ pour meltye en évidence Ja pmtﬁnc prionique
protéase résistante (PrP“’) Afin de savoir 5'f] y avait
une relztion entre Tintervalle de terops séparant la
maissance du veau dela makadie de la mére par rapport
3 Ta mise en évidence de PrP™ chez le vean, certe durée
a &€ caleniée pour chaque enimal. Chiez 29 (15.1%)
des 181 descendants BSE, la PcPa £t& trouvée dans
le plasma, 152 animanx étaient négatifs. Les animaux
qui #taient néy dans Fannée précédant Papparition des
symptdmes cliniqués chez leur mére avaient de fagan
significative plus-souvent la Pri** dans le sang que les
animaux-chez Jesguels Tiritervalle entre la naissance
gt Ja maladie dépassait une année (P < 0.05), Dans'le

€t€ positifs au PrP™. Ces examens montrent que la
protéine prionique protéase résistante ptut étre mise
en &yidence chez les bovins dans e sang et qu'elle est
plns souvept présente chez les descendants d'aimaux

BSE que dans une population de contrdle saine.

Esame sanguigno della proteina prionica rest-
stente alle 'proteasr (Pre=]} nella discendenza
da nrucche a.ffeite da BSE

Scopo del seguentc studm ddi tm:mn.are e, ru-.l san-
gue della discendenza da BSE svizzeta (gruppo A), era
presenta la proteina prionica resistente alle proteasi
{PrP™) & se 5 distingueva, pella sua frequenza, dalla
popolazione di controllo sana’del 2006, 1 gruppo A
era compasto da 181 discendenti di mucche malate i
BSE, il gruppo B cra formato da 240 bovini sani pro-
venienti.da una regione nella quale dal 2001 al 2005
non sono stati diagnosticati casi di-BSE. Le prove di
sangue sono state analizzate con un test BSE (Alicon
PrioTrap?) per 1a ricerca della proteina prionica resi-
stente alle proteasi. Per chisrire sc nel lusso di tempo
tralz pasritadella discendenza alla malattia (BSE) del-
lz madke ci sia un rapporto in:relazione alla presenza
dl PyP= pella discendenza, questa durata temporale &
stata caleolata per ogai diséendénte. In 29 (16,1%) dei
181 discendentf de BSE 2 stato rilevato nel plasme san-
guigro [a presenza di PcP, mehtre 152 antmali sono
risultati negativi. I discendenti nati nell'arco di un
anno dall'appariziane dei sintomi dinici della madre
mostravano nel sangue uha fequenta pih sipnificativa
di PrP che gli animali nej quali il lassa di tempo dalhs
nascita find alle malattia delia madre era maggiore Bi -
un anno (F < 0,05). Nel groppo di cortrollo 10 dei
240 animali {4.29) sono risultati positivi al test. Gli
esami hanno rilevato che, 5i pud xitrovare nef bovind,
la proteina prionica resistente alle proteasi (Pri=) &
che fa discendenza da mueche con BSE appare pily di
frequente che negli animali provemcnt: da una popo-
Taziene di contrallo sana,
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Protease-resistant prion protein (PrPres) in the blocd of offspring of cows that
developed BSE

XL ®HIC -

#ECEBWTH, BSE RBLESYI M bAEEhEE Y VL, BSE WBEL TV
VBT S BEEREEY L LB LT, MEEMY0I BSE L BISh 3 BATEI
BOETAF-ARBLR TS CXEMRIMERSNZESS SEAC, 1996), HKEESME
ERIEYE (MAFF) i3, BSE OBV Vb4 ENF VY2 BSE KRBT 2 Y 27 249
10% & 8 b > TR Y, BSE KRALEB YU LFY ¥ ~0 BSE RUVIHHRTE 2V
LDORMEELSTWED (Masood, 1996), = 3 L7 BEE X T, 1996 FICAA 2K
Bt BSE OB UM beES T RTOERY Vo UTERFTRRE £k L, TEF
X4, TO%I BSE OFEIZOWTRE ST ofn, £ORE, BSE BYLOBEE 7317
UV IEALRERT B LR TERP 2% (Braun et al, 1998; Fatzer et al,, 1998), %
DRIEAICEDE T, HH < OWESI N —7H BSE HRHAOMEREOMIICHRIA
ATEF, TDIBOHIHEIN—FE, 7oF7 —PEARES Y 4 BE (PrPrs)
PRI P IR B EBEOMRBICEED L (Alicon #h, KA, APFROEMICEL
T, Z® BSE ECHBREED, BEATRAYF—2a v 0B HD 7o b ¥(7
PR Lic, ABIFEE, A4 AD BSE RRELLERY I bETHAFY Y OmiEhs
L7RF 7 —PESME T A EY (PrPrs) BRIBSNENE S5, EE. REBRL L
TD.2006 FRAICTITHERY VL LBLT, ZORBBIERRENDHE ) HIo
VT, COFRREELZAALTRNT 5 LB E LTRELE, -

. ML HiE |
B : ' | -

2B (AR BE) OBHLERLEMEREEHRIC, MEEILT 0T TR
PV AVEE (PrPe) SRIESNBIESICOVWTRE S ER LI, BSE KREEL
B UNBEENFT Y 181 EE ABL Lz, ThbOF 743 1996 £ 5 1997
FIDT CORERIT, A AERFHSOMDEET T, REBWHRIC CTREREE
Uit REIESET (Braun etal, 1998). THbOFY DR Y ViL, BHREOE
(CHEEAERCFEREORICL T ~NTUH BSE Bt TH e, THITH LT, 181 HOfFY
VTR A REHRE TR, ABREORK bAERRLERECKIC ST < THR BSE &
MTHote (Fatzer et al, 1998),, FuFr—PEFETY L8R (PrPres) OBER
ELT, TRTOEFET V5 b IERRE LR L, 1996 £ 5 1997 Flohid TOLER LU
B —80CHORETRIFL TR, STV arTUyROT7 2T T A F—~VTH
Fahic, Ff 1~ ROBRRA A RGOS 240 /2 BRLE L, BROV VDL,
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2006 FEIT RO = DizEic higRErER L, 2001 F£M b 2006 FEOHMFIZ,
C DMK T STV LT BSF WRALEY—AIRETCh-oT,

I{Eiﬁﬁ&l‘.“]‘ﬁ‘é PrPres Mi¥E
MRS LT o 0F#e BSE BUARELEE Lk, JOREEOFREIC ST -
JEZB-THBTHE, B—BME LTI A ERA PrPC & PrPres % U 7 FEIE(L
#E (Franscini et al., 2008) IZf& &E3%, Z0 Y Hr FEEL#EIEL, SWEfnER
FOBREDOL LT YA EALREST S, EIBRE LT, XRIKEROFE
(McKinley 1983) IZHEHLL T, BREKICH LT a7 F—E KLBEToLRIZ, V=
AEyTay MELE T PrPes # il 5, EE7 VA ER PP 77 —EIC
BEMETTOT, BILEND T LRV, RHSNEEARERICBREED 7Y ALE
B (PrPSe) THEHME I MIOWTIE, BERTERE L TRIET 2 0ERD S,

£ M BSE i & BES F L HE L DBRINGE
 FUURETATHLEY LN BSE RRET S L TOMMMES L, FYVIERNT

PrPres B EN DR E DRPFHFEDIEDIT, TSTOFEY oWT, LRROFHIE
S DWEREHAT 27,

ﬁ;:‘l‘&&@
B BESHETAG I, Programm Stat\ﬁew 5.0 (SAS Institut. 8602 Wangen\ AA R)
PRALTHEELE,

R
PrPres M

BSE v bAEENFY T 181 -ﬁq: 29 7 (16. 1%) DM FER AP S PrPres 33
HEh, 7£D o 152 E’ﬁl:tiiﬁm‘é'c‘%oto X} HEE T PrPres [BHEDORER %2R L7z DL, 24050
_¢uﬁﬁ@z%)faot<ﬁ@$p>mmn"

FroimEmn bﬂ@viﬁ BSE &2 Eﬂ?éﬂéif@ﬁ#%‘]ﬁ‘]ﬁé -

75 BSE & BEF S n-BARRNEYE LEES, Y2418l 05 bo 41 5
A LR, T9 BN 2 R, 41 5RA 3 FRT. X0 0 20 MR 4 FE T hLRICAE TN
TWi, 8BY 23 BSE LM Ed 1 FaiPICEEh TWItfF Y T, %i’LU.ﬂ-CD
R EENIAF U & E B LT, EF1 5 PrPes BRI S 2 EBFEICE 2T {p
<0.05, Mann-Whitney U E. K 1), | |
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ZA{ Z® BSE KRBEBLERY P bETNEFY L OMBERENS 16.1%0EHET
PrPres BRH E NI, 1L, ChbOFY L ICRT 2 MRERRER R CRTARLE
CBEREREIVTNGBSE RS TH ok, TIKH LT, HBEEE LTO 2006 FHAIE
ATRERE U0 PrPres ORPEET 4 2% REICTE DT, EFOZOHREIRETE
- HEEhicad— MEIRORKR LEEL T, HKEO 25— MIRORIZHE, BSE RS
LI InbEZNIAFY Y 301D 5 H O 14%7%5, BSE I[ZHEM 2t a R0
BEF L CIEESIRMESBNESS SEAC, 1997). =1 boOBFERIC VT,
B ERATRETH S 5, TOVEM, BSE KRALEBY I bAEEhEFY ST
iX. BSE OfF 7 &5 b BSE B LT LE o loic iz, SFREEL 8t L T BSE OiEx
MRE L B OTHRVR LT BELF TH B, F T, HBEICIVT BSE Btk
MR D ERP ST DI, A ACBT BEEICEY BSE BERNLHATH LA TE
57255, ki, BSE OBV IHbATHIEF Y SATHT PrPres BHERAS 16.1%F25
n#f&motgﬁmmiImmoﬁgﬁamaofﬂﬁE@ﬁﬁ@mm@&maﬁ%
LRV EEX DI ENTEBESDS, LivL, BSE LDEWCBVWTIE, BSE I
BAELERYIRLAENF Y IERBSTI LICE- T, 79 LEBEEREHED
@%kﬂﬁtkﬁﬁéﬁaghfﬁﬁaﬁéwﬁ;%@T%ﬁéhtﬁ%@%kﬂlﬁé
FU RO TR ERRRERRABIE TH o 7oh, AP ORI EE SRR
BT SR BEETH- P E WS ATHD, =5 LEBERKRO L S IcHmtE
BIED S, EHEOFROME. BRI LRCREDERREOT Y > OFEHIE 31208 2T
B, Tk BSE RELACRIET A2 LORVERTH D, THIKHLT, RETE
HENICFROBIL THEOY Vick L CRERBRES S e, $io g
CEBBEETHo bbb, IO PrPes BBE L WIRBREFRLAEZ LT, #
BARFORFE SIS S RO, MRREE AV TBROTBYRERT 5 T & KTHER
ZeEERLTWS,

ﬂw/mBﬁak ﬁénélﬁmuﬁkéihfwtﬁﬁvfm ZRUS ORI
EENIATY S LB LT, MRDH 5 PrPros SR E N B BREEIED 728, Z0
FiRi: MAFF CEEREEEREPFROFRL—BL TS, KIEL, MAFF HEOR
h, AT LEMUAREESRTOEFY S CRESE. HREBRELEOBERY
iz < 2207 (Donnelly et al, 1997), = 5 LEBTRICH LTIE, Prores B KM 0%
b ZRITRB L, FMREBLSNCIERIC B ELFET S L O ICRY, MITE» bR
PHETHRAFCRBITT DD & T 2RATEL S Livzwn (Aguzm 2008), LU, B2
WEESIARIE (TSE) OEEBII TR BEN TV B O, WA TR LA E— B
RTWD, DY, EEEE T IERIER S LA E—t YOOI 13 PrPS R
' HERTWS (Andreolethet al, 2002), LA L. S85575 BSE £ 2 %‘féi’b‘(b\é%ﬁ\
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737 B—7CB T BSE OBERE (Aldhous, 1990) REH B, 7B TH
BSE ORERED bILD = Lirb, 748 BSE B3 I b BESRI L 5 e
LEFEETS &b\?%&'b‘%ﬂaﬁ‘ﬁ"é EMTELN (Aldhous 1991},

B 17 SR ST B o8 BSE ERIET S E TOMMNES & FY SO

FRIFITIS T D PrPres DiitESR L [afhsk L @Eﬁﬁﬂ@ﬁ#&ﬁﬁi (* 7 O E TORERN
a1 fﬁ@%@% p<0.05)
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