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Abstract The highly pathogenic avian influenza H5N1
viruses usually cause severe diseases and high mortality 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 H5N1
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 ml), 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 HSN1 viruses in the spleen (3.8 log10 copies per
ml), with the absence of positive-stranded viral RNA. Our
results indicate that replication of HSNI1 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.
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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 [1-4]. HSN1
viruses could also cause disseminated infections in either
naturally or experimentally infected mammalian species,
i.e., tiger, leopard, and ferret [5—10]. However, evidence
for extrapulmonary replication of HSN1 viruses in humans,
in general, has been lacking at present. Some studies had
found H5N1 viruses exclusively in respiratory tract (mainly
in lung) [11, 12]. Other studies had found the presence of
H5N1 viruses in many extrapulmonary organs, such as
intestine, liver, and brain, which indicated 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 HSN1 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 lower
pneumonia. 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 lungs 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
HS5NI1 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 5-AGCAAAAGCAGGAGTTCAA
A-3', NA-R 5-AGTAGAAACAAGGAGTTTTTTT-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 45 s. 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

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. Supernatant was
collected and added into lysis buffer of QIAamp Viral
RNA Kit (Qiagen, Germany). RNA was then extracted
according to the manufacturer protocol. Viral RNA was
detected using H5N1 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 HS specific primer
pairs H5F (5'-GCCATTCCACAACATACACCC-3/, 943~
963) and HS5R (5-CTCCCCTGCTCATTGCTATG-3,
1158-1139). Briefly, two-step reactions were used. First,
RT reaction was done in the presence of the primer HSF or
HS5R. ¢cDNA products then underwent PCR with HSF and
HS5R. The amplified fragment was about 216 bp and
detected by agarose gel electrophoresis.

Results

Real-time RT-PCR had revealed H5N1 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
HS5NI1 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 logl0 copies per ml) in relation to the
right lung (5.7 logl0 copies per ml); and there existed a
lower level of H5SN1 viruses in the spleen (3.8 log10 copies
per ml) (Fig. 1). To confirm a successful H5SN1 viral RNA
isolation from the autopsy tissues, GAPDH mRNA
amplified using RT-PCR served as the internal reference in
our study (data not shown). At the same time negative
controls did not produce HS5 genes, which suggests there is
no cross contamination in RT-PCR amplification.

To further elucidate whether HSN1 viral RNA in the
lungs and spleen was H5SN1 genome RNA, or alternatively,
was replicated by H5N1 viruses, we performed strand-
specific RT-PCR amplification. Our results indicated that
negative- and positive-stranded RNA were detectable in
both 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 performed under the same con-
dition to confirm the result.

Discussion

In our study, a high viral load was detected only in the
lungs in which both positive- and negative-stranded RNA
coexisted, which was consistent with previous findings that
replication of H5N1 viruses mainly occurs in the lungs of
humans and mammals [18-20]. In line with the finding that
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Fig. 1 Interpretation of H5NI
influenza viral RNA in autopsy
tissues by single real-time RT-
PCR. Different load of H5N1 1000
influenza viral RNA existed in
the left lung, right lung, and
spleen

1200

800

600

DeltaRn

400

200

Delta Rn vs Cycle

__-Positive control

___,——//
LT Left lung
LT
- /',
A __———Rightlung
_,-” j
//’ / _—Spleen
A / P

MNegative control

o

-200

12345678 9101112131415161718192021222324252627 28293031 323334353637 383940

Right lung Left lung Spleen
M ™+ = ¥ = F = Neg

500bp
250bp
100bp

Fig. 2 Detection of positive- and negative-stranded viral RNA in the
lungs and spleen by strand-specific RT-PCR. M DNA mark, —
Negative-stranded RNA, + Positive-stranded RNA, Neg Negative
control

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 lower pneumonia, and histopa-
thological analysis of the autopsy specimens had also
suggested 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 HSN1
viruses could also target immune organs, in addition to the
lung [22, 23]. In our study, a low viral load was detected in
the spleen, but with absence of positive-stranded H5NI1
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 no positive-stranded viral
RNA was detected, which suggested that the HSN1 virus
did not replicate in the spleen, or that only little replication
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occurred [24]. The H5N1 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 HSN1 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 [24, 29]. However, none of
the anti-influenza drugs, such as oseltamivir or amantadine,
were used in the treatment.

The HA cleavage site of highly pathogenic HS5NI
viruses contains multiple basic amino acids, which could
be hydrolyzed by a broader range of cellular proteases, so
that the tissue tropism for HSN1 viruses is not restricted to
the lungs, but extends to other organs, including the brain
[30, 31]. A boy confirmed as H5N1 infected presented with
severe diarrhea and acute encephalitis symptoms, and
H5N1 virus was isolated from patient’s throat, serum,
feces, and the cerebrospinal fluid [32]. In addition to lung
tissues, some studies 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 [15, 24]. Furthermore, viral gene
sequences and antigen were detectable in neurons of the
brain, T cells of the lymph node, and Hofbauer cells of the
placenta, which was indicative of viral replication in
extrapulmonary tissues [29]. The HS5N1 virus obtained
from the patient has multiple basic amino acids at the HA
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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 extrapulmonary tissues, causing dissem-
inate infection. However, viral distribution and replication
vary to a certain 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 HSN1 viruses.

The autopsy tissues of H5N1 infected cases can often
not be obtained due to various reasons (e.g. religion), so
reports concerning the tissue tropism and distribution of
HS5N1 viruses are lacking. We studied H5N1 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-
pism and pathogenesis of H5N1 viruses.
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