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H5N1 Influenza A
Virus and Infected
Human Plasma

To the Editor: Since January
2004, a total of 22 persons have been
confirmed infected with avian
influenza A virus (H5N1) in Thailand;
14 of these patients died. Three waves
of outbreaks occurred during the past
2 years. The last patient of the third
wave was a S-year-old boy whose
symptoms developed on November
28, 2005; he was hospitalized on
December 5 and died 2 days later. The
child resided in the Ongkharak
District, Nakhon Nayok Province, 70
km northeast of Bangkok. Villagers
informed the Department of
Livestock after the patient’s illness
was diagnosed. Five dead chickens
had been reported in this area from
November 28 to December I, 2005.
Samples from these chickens could
not be obtained, thus, no H5N1 test-
ing was performed. The boy had
fever, headache, and productive
cough for 7 days before he was admit-
ted to the Her Royal Highness
Princess Maha Chakri Sirindhorn
Medical Center. Clinical examination
and chest radiograph showed evi-
dence of lobar pneumonia. He was
treated with antimicrobial drugs
(midecamycin and penicillin G) and
supportive care, including oxygen
therapy. On December 7, the patient’s
condition worsened, and severe pneu-
monia with adult respiratory distress
syndrome developed. Laboratory tests
showed leukopenia (2,300
cells/mm?), acidosis, and low blood
oxygen saturation by cutaneous pulse
oximetry (81.6%). Oseltamivir was
administered after his parents
informed hospital staff about the
boy’s contact with the dead chicken.
However, the boy died the same day;
no autopsy was performed. On
December 9, the cause of death was
declared by the Ministry of Public
Health to be H5N1 influenza virus.

LETTERS

A blood sample was collected from
the patient on December 7; anticoagu-
lation was accomplished with ethyl-
enediaminetetraacetic acid (EDTA)
for repeated biochemistry analysis and
complete blood count. The plasma
from the EDTA blood sample was sep-
arated 2 days later and stored at ~20°C
for 12 days. The sample was subse-
quently given to the Center of
Excellence in Viral Hepatitis, Faculty
of Medicine, Chulalongkom
University, for molecular diagnosis
and then stored at —-70°C, where spe-
cific precautions implemented for han-
dling highly infectious disease speci-
mens such as H5NI influenza virus
were observed. Plasma was examined
by multiplex reverse
transcription—polymerase chain reac-
tion (RT-PCR) (/) and multiplex real-
time RT-PCR (2), both of which
showed positive results for H5N1
virus. The virus titer obtained from the
plasma was 3.08 x 103 copies/mL. The
plasma specimen was processed for
virus isolation by embryonated egg
injection, according to the standard
protocol described by Harmon (3).
Briefly, 100 pL 1:2 diluted plasma was
injected into the allantoic cavity of a
9-day-old embryonated egg and incu-
bated at 37°C. The infected embryo
died within 48 hours, and the allantoic
fluid was shown to contain 2,048
hemagglutinin (HA) units; also, sub-
type H5N1 was confirmed (/,2).
Whole genome sequencing was per-
formed and submitted to the GenBank
database under  the strain
A/Thailand/NK165/05 accession no.
DQ 372591-8. The phylogenetic trees
of the HA and neuraminidase (NA)
genes were constructed by using
MEGA 3 (4) for comparison with
H5N1 viruses isolated from humans,
tigers, and chickens from previous

* outbreaks in 2004 and 2005 (Figure).

The sequence analyses of the viruses
showed that the HA cleavage site con-
tained SPQRERRKKR, which dif-
fered from the 2004 H5N1 virus by an
arginine-to-lysine substitution at posi-
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from study patient compared with sequences from previous outbreaks (2004-2005).

tion 341. That finding had also been
observed in wild bird species during
earlier outbreaks in Thailand in 2004
(5). Similar to the 20042005 H5N1
isolates from Thailand, a 20-amino
acid deletion at the NA stalk region
was observed. Moreover, the amino
acid residues (E119, H274, R292, and
N294) of the NA active site were con-
served, which suggests that the virus
was sensitive to oseltamivir. In addi-
tion, a single amino acid substitution
from glutamic acid to lysine at posi-
tion 627 of PB2 showed increased
virus replication efficiency in mam-
mals (6).

Observing live influenza virus in
human serum or plasma is unusual.
However, in 1963, low quantities of
virus were isolated from blood of a
patient on day 4 of iliness (7), and in
1970, the virus was cultivated from
blood specimens from 2 patients (8).
Recently, a fatal case of avian influen-
za A (H5N1) in a Vietnamese child
was reported. The diagnosis was
determined by isolating the virus from
cerebrospinal fluid, fecal, throat, and

1042

sermmn specimens (9); viral RNA was
found in 6 of 7 serum specimens 4-9
days after the onset of illness (/0). In
this case, the H5N! virus could be
isolated from plasma on day 10 after
symptoms developed. This case
showed the virus in the patient’s
blood, which raises concern about
transmission among humans. Because
probable H5N1 avian influenza trans-
mission among humans has been
reported (11), this case should be a
reminder of the necessity to carefully
handle and transport serum or plasma
samples suspected to be infected with
HSNI avian influenza. Because viable
virus has been detected in blood sam-
ples, handling, transportation, and
testing of blood samples should be
performed in a biosafety (category
IIT) containment laboratory to prevent
the spread of the virus to healthcare
and laboratory workers.

We express our thanks to the
Thailand Research Fund (Senior Research
Scholar), Royal Golden Jubilee PED
Program and Center of Excellence in Viral

Hepatitis  Research, and Prasert
Auewarakul for their generous support of
our study.
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Variant Creutzfeldt-Jakob disease: prion protein genotype analysis of
positive appendix tissue samples from a retrospective prevalence

study

James W Ironside, Matthew T Bishop, Kelly Connolly, Doha Hegazy, Suzanne Lowrie, Margaret Le Grice, Diane L

Ritchie, Linda McCardle, David A Hilton

Abstract

Objective To perform prion protein gene (PRNP) codon 129
analysis in DNA extracted from appendix tissue samples that
had tested positive for disease associated prion protein.

Design Reanalysis of positive cases identified in a retrospective
anonymised unlinked prevalence study of variant
Creutzfeldt-Jakob disease (vCJD) in the United Kingdom.
Study samples 3 positive appendix tissue samples out of

12 674 samples of appendix and tonsil tested for disease
associated prion protein. The patients from whom these
samples were obtained were aged 20-29 years at the time of
surgery, which took place in 1996-9.

Setting Pathology departments in two tertiary centres in
England and Scotland.

Results Adequate DNA was available for analysis in two of the
three specimens, both of which were homozygous for valine at
codon 129 in the PRNP.

Conclusions This is the first indication that the valine
homozygous subgroup at codon 129 in the PRNP is susceptible
to vCJD infection. All tested clinical cases of vGJD have so far
occurred in the methionine homozygous subgroup, and a
single case of probable iatrogenic vGJD infection has been
identified in one patient who was a methionine/valine
heterozygote at this genetic locus. People infected with vCJD
with a valine homozygous codon 129 PRNP genotype may have
a prolonged incubation period, during which horizontal spread
of the infection could occur either from blood donations or
from contaminated surgical instruments used on these
individuals during the asymptomatic phase of the illness.

Introduction

In a prevalence study for variant Creutzfeldt-Jakob disease
(vCJD), we identified three appendixes that stained positively for
disease associated prion protein (PrP). We looked at 12 674
specimens (11 109 appendixes, 1565 tonsils) removed between
1995 and 2000. Most of the patients (83%) were aged 10-30 years
at the time of operation.' * This number of positive results is
greater than would be predicted from the number of patients
diagnosed with vC]D in United Kingdom (161 to date). Further-
more, the annual incidence of new cases of vCJD has declined
from a peak in 1999. As all patients with vCJD belong to the
methionine homozygous subgroup, determined by the codon
129 polymorphism in the prion protein gene (PRNP),* one pos-
sible explanation for this apparent discrepancy could be a differ-

BM] Online First bmj.com

ent PRNP genotype in the three positive cases (the prevalences
of PRNP codon 129 genotypes in the general UK population are
about 40% methionine homozygous, 10% valine homozygous,
and 50% heterozygous). This possibility was supported by a
slightly different pattern of immunoreactivity in the second and
third positive appendix cases in comparison with dlinical cases of
vCJD.* We recently identified a case of asymptomatic vGJD infec-
tion that seemed to have been transmitted by red cell transfusion
in a PRNP codon 129 heterozygote, demonstrating that the
methionine homozygous genotype is not uniquely susceptible to
vCJD infection.®

Methods

We analysed the PRNP codon 129 polymorphism in the three
samples of appendix tissue embedded in paraffin that stained
positively for disease associated prion protein in the prevalence
study. In the first case, a transmission study is currently under way
using material from the remaining unstained sections. This
meant that only immunostained sections were available for
genotype studies and the extracted DNA was not good enough
for further analysis. In the two remaining cases, as there was not
sufficient material available for both transmission studies and
genotype studies, and in view of possible PRNP influences on the
staining pattern of disease associated prion protein in these
cases, we used the remaining material for DNA analysis. A single
6 pm unstained paraffin section was available from each case,
and these were de-paraffinised and scraped into individual
microcentrifuge tubes for DNA extraction with the Puregene
DNA Purification Kit (Gentra Systemns, USA). Pelleted DNA was
rehydrated for one hour at 65°C and then used as a template for
amplification by the polymerase chain reaction (PCR), along
with positive and negative control samples. PCR primers used
were specific for a 506 bp region of PRNP containing the poly-
morphic sequence for the codon 129 residue. PCR products
were digested at 37°C with the restricion enzyme Nspl (New
England Biolabs, UK), which specifically recognises changes at
the PRNP codon 129 polymorphic DNA sequence. Digest prod-
ucts were analysed on 1.5% agarose gels with positive conirols
for the codon 129 variants (MM, MV, VV).

Results

For both cases the genotype was confirmed as homozygous for
the valine allele (VV) (figure). This method has been previously
validated’ * and was controlled in our laboratory by studying the
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PRNP codon 129 genotype in both paraffin embedded sections
and frozen tissues from 25 other cases.

Discussion

These results give the first indication that PRNP codon 129
valine homozygotes may be susceptible to vCJD infection.
Though the immunohistochemical technique used in our earlier
study seems to be spedific for disease associated prion protein,’ it
is unlikely to be 100% sensitive, suggesting that the true
prevalence of vGJD infection in the UK population may be even
higher than earlier estimated (8/12 674)? Genetic studies of
kuru, another orally transmitted human prion disease, found
that PRNP codon 129 MV and VV genotypes were associated
with longer incubation periods than the MM genotype.” As the
ethical approval for our study placed restraints on the identifica-
tion of individual cases, we are not able to state with certainty the
age of the patients in the positive cases at the time of surgery. We
can, however, state that they were aged 20-29 years at the time of
surgery, which took place in 1996-9. No clinical cases of vC]D at
any age have yet been identified in PRNP codon 129 valine
homozygotes, indicating the need for continued surveillance of
all cases of vC]D in the UK.

Though it is inadvisable to overinterpret the data from only
three positive cases in this study, it is perhaps surprising (given
the relative prevalences of PRNP codon 129 genotypes in the
general population) that both the positive cases analysed here
were valine homozygotes. Though this may represent a chance
finding, we should consider the possibility of differences in the
peripheral pathogenesis of vCJD that depend on the PRNP
codon 129 genotype. The patient who developed asymptomatic
vCJD infection after red blood cell transfusion was a codon 129
heterozygote in whom both tonsil and appendix tissues were
negative on staining for disease associated prion protein with
methods identical to those used in this study, though the spleen
and lymph nodes gave positive results.’ PRNP polymorphisms in
sheep infected with scrapie also have a major influence on the
incubation period and timing and distribution of disease associ-
ated prion protein in lymphoid tissues during the incubation
period.

A prolonged incubation period after infection with vCJD is
likely to result in an asymptomatic carrier state (which cannot yet
be identified), which represents a potential risk for horizontal
transmission of vCJD infection by blood transfusion, blood
products, or contaminated surgical instruments. These uncer-
tainties further underline the need for continued surveillance of
vCJD in the UK (including surveillance for subclinical or asymp-
tomatic infection®), a requirement to continue to reduce the pos-
sibility of secondary iatrogenic transmission, and the inclusion of
carrier states and susceptibility to vCJD infection in all PRNP
codon 129 genotypes in future disease modelling.
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M

Restriction digest pattern for PRNP codon 129 genotype analysis in two paraffin section tissue samples (shown combined). The test sample results clearly show
banding patterns equivalent to the VV genotype control (Mol=molecular weight ladder, N=PCR negative control, Ap1=appendix tissue from positive case 2,
Ap2=appendix tissue from positive case 3, positive control samples from PRNP codon 129 MM, MV, and VV genotypes)
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A recent prevalence study of accumulation of prion protein
(as a marker for variant Creutzfeldt-Jakob disease) in
appendix and tonsil specimens in the UK found three cases
in12 674 samples, which is more than expected from the

I %

Analysis of DNA from two of the three positive samples
found they were valine homozygotes at codon 129 in the
prion protein gene, indicating that this genetic subgroup
(which is a different subgroup to that in which all cases of
vG]D so far have occurred) is susceptible to vCJD infection

Individuals with this genotype may have a prolonged
incubation period with subclinical infection and could cause
secondary spread of vCJD by blood transfusion or surgery
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