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Abstract Recently, numerous outbreaks of highly pa
curred in various countries in Asi
enza pandemic is imminent. Since infected poultry
birds, early detection
virus in the environment
Besides molecular genetic studies, histop
important diagnostic tools for the detection ol
study of histopathologic changes in humans
materials obtained during the 2004 outbreak in Thailand. H5N

tion in domestic ducks witl
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thogenic avian influenza, H5N1 subtype have oc-
a2 and Eastern Europe. This has caused a global concemn that influ-
is the source of virus for humans, mammals, and
and control of this disease in poultry is mandatory to avoid expansion of the
and reduce the risk of viral transmission to humans and other species.
athology and immunohistochemical techniques are the
H5N 1 discase in humans and animals. A comparative
and ducks was carried out based on the postmortem
1 virus caused lethal systemic infec-
yviral antigen found in their various damaged organs and in macrophages
within the spleen. Whereas pathologic changes were more limited in the fatal cases of human infec-
tion with lung involvement as the most prominent and consistent features.

avian influenza, H5N1 virus, influenza, infectious disease, pneumonia, pathology

In 1878, the term “fowl plague” (FP) wasfirst  then it has been called “avian influenza” (Al).

used to describe a serious disease of chickens in

Al viruses have been isolated from domestic poul-

Italy. In 1902, the causative virus was isolated for  trysuffering from FP and from apparently healthy

the first time but it was not identified as a mem-  wild birds including waterfowl. They have also

ber of influenza A virus family until 1955, Since  caused influenza outbreaks in mammals, such as
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<eals, whales, minks, pigs, and horses,*®, Any Al
;rirus regardless of its hemagglutinin designation
meeting speciﬁcd virulence criteria in the labora-
tory i dcsignaled highly pathogenic avian influ-
enza (HPM)‘

In 1996, the first known cdse of Al subtype
H5N1 was found in a domestic goose in

a,™. A year later, human in-

Guangdong, Chin
fection with this virus was detected for the first
time during the simultaneous outbreaks of H5N1
in poultry in Hong Kong, ), The 1997 outbreak
resulted in 18 cases of human infection with 6
deaths and a territory-wide slaughter of more than

1.5 million chickens,®?

. In addition, there was a
case of probable human to human transmission
of the viruses which was detected by a positive anti-
H5 antibody,"'®. The incident might be due to
close physical contact with H5N1-infected patients.
By 2000, the viruses had extended to domestic
ducks which played a key role in the genesis of
the subsequent outbreaks of H5N1,?,

In late 2002, H5N1 viruses re-emerged and
caused deaths among wild migratory birds and
domestic waterfowl including ducks in two Hong
Kong parks,"?. In January of 2003, H5N1 dis-
ease was diagnosed in two patients with acute res-
piratory distress, one of them died, "™, This was
the first reported lethal outbreak of Al infection
in wild aquatic birds since 1961,". Since mid
2003, lethal outbreaks of H5N1 in poultry have
occurred in several countries in Southeast Asia and
China. In spring of 2005, more than 6000 migrat-
ing aquatic birds were found dead due to H5N1
infection at the Qinghai Lake in Qinghai,
China,®,

Recently, the viruses have spread rapidly from
western China to Russia, Kazakhstan, Turkey, Ro-
mania, and Kuwait. So far more than 140 million
birds have died of the disease or been killed. The

various outbreaks in Asia were also followed by

human cases of direct transmission of H5N1 vi-

ruses from chickens and a case of prabable hu-
man to human transmission, 629, As of October
2005, more than 100 confirmed cases of human
HB5N1 disease with 62 deaths have been reported,
allin Asia. Antigenic and sequence analyses indi-
cated that all genes of the H5N1 human isolates
were of avian origin, the reassortants of multiple
co-circulating Al viruses, ® 21-26),

Meanwhile, H5N1 virus seems to be finding
its way into more and more species. Once known
to infect chickens, ducks, and occasional humans,
the virus is now found in a wide range of birds
including migratory birds and has infected tigers,
leopards, cats, mice, ferrets, pigs and dogs, 9,
This causes an increasing concern that the virus
is spreading unchecked. The wide host range sug-
gests adaptation of the virus to various species, thus
increases its chance of reassortment into a more
virulent strain that can easily be transmitted
among people and causes a deadly pandemic. At
this time no one knows how long it takes for the
virus to develop such capability.

The 2004 outbreak of H5N1 disease claimed
the lives of more than 30 million birds and 12
human beingsamong 17 confirmed cases in Thai-
land. Since infected chickens are clearly the
source of virus for humans and ducks, it is very
important for physicians and pathologists to have
the greater awareness of this disease in animals.
Meanwhile, veterinarians should be interested in
this disorder in humans as well, So far numerous
researches have focused on the molecular genetic
basis for biological characteristics of this virus but
data on pathology of this disease is very limited.
We did a comparative study of histopathologic
changes in humans and domestic ducks from the

2004 outbreak in Thailand. Now it is time for us

ot
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to share the fruit of endeavor, and hopefully the
study of these autopsy materials will help us ex-
plain the expansion of host range and lethality of

the virus in humans and domestic ducks.

Methodology

Virology studies of the 2004 epidemics of
poultry in Thailand confirmed the causative vi-
rus of being HPAI of H5N1 subtype. Postmortem
examination was performed on 15,000 to 16,000
dead domestic ducks from 157 diseased duck
flocks. They were of various ages ranged from 1
to 12 months. The average of 15 to 20 represen-

tative dead ducks from each flock was necropsied

and their internal organs were removed for gross

- - . . ‘
and microscopic examination. Tissue sections of |

various organs were embedded in paraffin and tis-

sue blocks were cut at 4 |, then stained with he.

matoxylin and eosin (H&E). Immunohistochemi.
cal stain of the internal organs was done in some
selected cases.

There were 12 deaths among 17 confirmed
human cases of H5N1 disease (70.59% mortality
rate). A complete autopsy was performed in 2
cases and their pathology reports were published
earlier, 191720, H&E stained slides of autopsy ma-
terial of the 6-year-old boy (case 1) and an H&E

stained slide of the lung of the 26-year-old woman

Table 1 Clinical manifestations of avian influenza H5N1 disease in humans and domestic ducks

Case 1 (Human)

Case 2 (Human)

Clinical Data Domestic Ducks
Clinical Thirsty, inappetence, swollen & watery
Symptoms  eyes, opaque cornea, decreased cgg  drowsiness
and Signs production, diarrhea, ruffled feathers,
cyanosis of unfeathered skin,
cdema of head, face & neck,
rales, sinusitis,
Neurological signs: ataxia, torticollis,
drowsiness, convulsion, & fatal
Blood tests  Leukopenia, lymphopenia,
thrombocytopenia
Chest X-rays  None

Exposure to Occurred during outbreaks in poultry
poultry or
poultry

products

Treatment None

Fever, cough, dyspnea, and

Same as ducks

Right lower lobe infiltrates

Contacted with dead chickens

Multiple broad-spectrum

Fever, Pneumonia, and acute

respiratory distress syndrome

Right lower lobe pneumonia
Acute respiratory distress syndrome

Multiple organ failure

Same as ducks

Bilateral lower lobe consolidation

No history of exposure to poultry
but providing unprotected nursing
care for her daughter who wasa
probable case of H5N1 infection

Antibiotics

antibiotics, granulocyte colony-

stimulating factor then Oseltamivir

and methylprednisone
Ouwtcome  Died within 24 to 48 hours of the Died at 17 days after the onset Died at 9 days after the onset of
onset of illness of illness illness
6 Journal of Health Science 2006 Vol. 15 0.1
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Hist op-uhnlugic findings of avian influenza HEN1 disease in humans and domestic ducks
Table 2 11
\ Domestic Ducks Case | (Human) Case 2 (Human)
pathology : :
: jin Brain: non-suppurative encephalitis,  Brain: edema, necrotic foci,
Hematoxy!

@in pcri-\mculnr cuffing with mononuclear

& Fosin st .

£ cells, gliosis, neuronal degeneration,
meningitis, & myelilis
Heart: fibrinoid necrosis, myocarditis
Lungs: edema, congestion, interstitial

Pancreas: necrotizing hemorrhagic
pancreatitis, Liver: fatty changes
Intestine: foci of mucosal necrosis
Spleen & Harderian gland: focal
necrosis, lymphoid depletion
Kidneys: tubular necrosis
Nasolacrimal gland: focal necrosis &
inflammation

meningitis

Lungs: proliferative to organizing
phase of DAD, interstitial pneumonitis,
focal hcmorr]lagc, bronchiolitis,
pneumocytes type 2 hyperplasia &
pneumonitis, DAD, diffuse hemorrhage superimposed aspergillosis

Liver: mild fatty changes, activated
Kupffer cells & slight lymphoid
infiltrates in the portal areas

Lungs: exudative phase of DAD),
interstitial pneumonitis,
hemorrhage, pneumacyte
hyperplasia, bronchiolitis &
pleuritis

pleuritis

Liver: cholestasis, congestion &
hemophagocytosis

Spleen: congestion & lymphoid
depletion

Bone marrow & lymph nodes: slight
histiocytic hyperplasia

Spleen: congestion, lymphoid
depletion, focal & subcapsular
hemorrhage

Other organs: no significant changes

Jmmunohisto- Positive staining for Ha-specific

chemical stain monoclonal antibody in various organs,
i.c., neurons, glia cells in the brain,
airway epithelia & alveolar cells,
myocardium, hepatocytes, a few
number of pancreatic acinar cells,
renal tubular cells, cells of nasolacrimal
gland, intestinal mucosal epithelium,
macrophages in spleen

Positive staining for influenza A
antigen in pneumocytes type 2
H3-specific RNA was detected in the

lungs, spleen and intestine by RT-PCR
Electron microscopy: viral particles

Positive staining for influenza
Aantigen in the desquamated
cells of the airways

H3N1 was detected by RT-PCR
in the lung only

in pneumocytes & macrophages

Abbreviation: DAD = Diffuse alveolar damage, RT:PCR = Reverse tra nseripl

(case 2) were available for a review. We also did a
thorough review of research data with emphasis
on histopathologic features of the H5N1 dis-

C‘Z'LSE.( 16-20) ,

Results
HPAI subtype H5N1 caused lethal systemic

infection among chickens and domestic ducks
with 100 percent mortality. Clinical and patho-
logic manifestations in domestic ducks were simi-

lar to those in chickens but conjunctivitis and eye

ion polyrerase chain reaction

discharge was less severe than those in chickens.
Clinical manifestations in humans ranged from
mild or asymptomatic infection to fever, leukope-
nia, lymphopenia, pneumonia, acute respiratory
distress syndrome, multiple organ failure and
death. The mortality rate in humans was 70.59
percent. The detailed clinical manifestations and
histopathogic findings of human cases and domes-
tic ducks are shown in table 1 and 2. The picture
of dead, dying and convulsing ducks is shown in
figure 1, Gross pathologic features of necropsied
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ducks are shown in figure 2 and 3. Microscopic
features of the various organs of necropsied ducks
are shown in figures 4 10 8. H istopathologic find-

ings of human cases are shown in figures 9 1o 14.

Discussion

Since 1980, there have been several outbreaks
of HPAT of various subtypes in domestic poultry
throughout the world with occasional human in-
fections, ™™, However, the H5NT outbreak is un-
precedented in its geographic reach, its extremely
high pathogenic in poultry, wild birds, and mam-
mals, and its persistence despite efforts for eradi-
cation. Human H5N1 disease is associated with
higher mortality rate when compared to the other
influenza subtypes.

[twas once believed that Al viruses could not
jump species. However, the outbreaks of H5N1
since 1997 have established that Al viruses can
directly transmit to and cause lethal infection in
humans, mammals, and birds. These incidents

have fundamentally changed our concepts and

¢ —y
J

-,

— .,
" W,

views of HPAL ‘The acquisition ofability 1 ¢p,
species transmission of this virus is not clear)y
understood. Perhaps, the virus has gained g,
capability as a result of being a productofnanyy
reassortment among the genes ol multiple ayjy,
species. More research is needed to clarily
Currently, the true prevadence of HAN] .

fection in humans is not known. Itmay have beg),

Fig.2 A necropsied duck showing congested and

cdematous heartwith extensive peticheal hem-

orrhage in the pericardium.

Fig. 1 Asmallcluster of recently dead, dying, and con- ot ’. " ‘
vulsing H5N1 infected ducks. The 2 sitting  Fig.3 A necropsied duck showing an intestine with
ducks with ruffled feathers appear drowsy. Cy- bluish discoloration of the intestinal wall, dif-
anosis of the ducks' unfeathered skin is quite fuse peticheal hemorrhage, and prominentvas-
noticeable. cular congestion,

8
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rity that H5N1 disease is merely a hypothetical
threat. Even though, efficient transmission among

people has not yet been observed, pandemic pre-
paredness is a must.

Pathologic lesions along with the presence
of viral antigen in the many organs of domestic
ducks indicate a wide tissue tropism which in turn

is responsible for an increase in pathogenicity, His-
topathologic findings in the ducks indicate lethal

Section of the duck’s brain showing typical non- systemic infection. The most striking and consis-

suppurative encephalitis, peri-vascular lympho-
cytic cuffing, neuronal degeneration, and glio-
is, (H&E section X 400).

3‘,.‘ v ‘q w.

SO SRS E S
Fig. 6 Section of the duck'’s lung showing diffuse hem-
‘ orrhage, interstitial pneumonitis, and diffuse
R e ] alveolar damage, (H&E section X 200).
Fig. 5 Section of the duck’s meninges showing hem-

orrhage and mononuclear cell infiltrate in the

meninges, compatible with viral meningitis,
(H&E section X 400).

underreported due to limited surveillance, a lack
of facilities for diagnostic tests or political reason.
Some cases may escape from detection due to mild
or absence of symptoms, inappropriate collection
of clinical samples for diagnostic tests, confusing

with other mimicking ailments or otherwise mis-
diagnosed. HB5NI outbreak in poultry and hu-
mans serves as a “wake-up call” that the devastat-

ing “avian flu” pandemic is imminent. There-

Fig.7 Section of the duck’s heart showing fibrinoid
necrosis of myocardial fibers with inflammatory

infiltrates and myocarditis, (H&E section X
fore, we should not fall into a sense of false secu- 400).
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tent findings are in the brain, spinal cord, lungs,
and pancreas. The less common findings are fi-
brinoid necrosis of cardiac muscle fibers and myo-
carditis, The least common abnormalities are fatty
changes in the liver, multifocal necrosis of the in-

testine, renal tubular necrosis, focal necrosis in

the spleen and naso-lacrimal gland. The authors
believe the frequency and severity of the lesions
in each organ were probably related to tissue tro-
pism, host species, and how long the ducks had

survived before their deaths occurred. In some

Fig. 8 Section of the duck’s pancreas showing a large
area of necrosis with inflammatory infiltrates,
(H&E section X 400).

Fig. 9 Lung of human case 1 showing proliferative
phase of diffuse alveolar damage, pneumocyte
hyperplasia, and interstitial pneumonitis,
(H&E X 200).

avti od g

RN

Fig. 10 Anotherareaof the lung of human case 1 show-
ing organized phase of diffuse alveolar dam.
age, prominent squamous metaplasia, intersti-
tial pneumonitis, and focal fibrosis, (H&E X

200).

Fig. 11 Spleen of human case 1 showing focal hemor-
rhage and lymphoid depletion, (H&E X 200).

cases, death might have come before a full-blown
inflammatory response was mounted.

The cerebrum, cerebellum, and spiﬁal cord
of the ducks showed edema, perivascular cuffing
with lymphocytes and glia cells, gliosis, neuronal
degeneration, myelitis, and meningitis. These
findings are consistent with non-suppurative men-
ingoencephalitis and myelitis of viral etiology. En-
terovirus encephalitis, Newcastle disease or
Marek's disease can produce similar lesion in the
brain, but widespread systemic infection along
with simultaneous outbreak of H5N1 in poultry
makes the presumptive diagnosis of HPAI most
correct. In these ducks, the diagnosis was con-

10
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firmed by immunohistochemical stain of the tis-
sue in p:lmfﬁn blocks showing a positive staining
for Hb-specific monoclonal antibody in the paren-
chymal cells in various organs and in macroph-
ages in spleen as shown in Table 2, Definite viral
identification can be done with the use of culture
from various organs and reverse transcription
polymerase chain reaction (RT-PCR) technique.
Virology studies also confirmed the diagnosis of
H5N1 infection.

Microscopic lesions in the lungs were edema,

congestion, early exudative phase of diffuse alveo-

capsular hemorrhage, and lymphoid depletion,
(H&E X 200).

lar damage (DAD), interstitial pneumonitis, and
hemorrhage. Similar lesions were also recognized
in the lungs of human cases with this disorder but
late exudative, proliferative or organizing phase
of DAD were scen as humans survived a little
longer after the infection. Moderate degree of
pleural effusion was seen in some ducks.

Another striking finding was in the ducks’
pancreas where necrotizing hemorrhagic pancre-
atitis was quite extensive but H5-specific mono-
clonal antibody reaction was seen only in a few
numbers of pancreatic acinar cells. In addition
to the cytopathic effect of the virus, extensive ne-
crosis in the pancreas could very well be due to a
release of pancreatic enzymes that further caused
damages to the pancreatic acini.

Cardiac lesion of the ducks was grossly visu-
alized in the pericardium where peticheal hem-
orrhage was quite extensive. Microscopic findings
in the myocardium included loss of striation, ho-
mogeneity, and fibrinoid necrosis of cardiac
muscle fibers, and myocarditis. These similar
changes have previously been described in influ-
enza infection in other avian species such as chick-

ens and turkeys,®™, and also in humans,4™2,
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Fig. 14 Lung of human case 2 showing diffuse hemor-

Fig. 13 Liver of human case 1 showing fatty changes,
(H&E X 200).

rhage, exudative phase of diffuse alveolar dam-
age, and interstitial pneumonitis, (H&E X 200).
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Fig. 15 Electron microscopy of the lung tissue from

human case 1 showing pnuemocyte with intra-
cellular particles, morphologically consistent
with influenza viral particles, (EM X 13200).

So far cardiac involvement has not been detected
in human cases with H5N1 infection.

This study demonstrated the H5N1 viruses
caused more tissue damage and wider organ dis-
tribution range in ducks than in humans. In hu-
mans, the most striking pathologic findings are
in the lungs with virus antigen found in
pneumocytes type 2 in case 1 and in desquamated
bronchial epithelium in case 2. So far, human
autopsy cases have not shown viral spread beyond
the lungs except case 1 whereby H5N1 viruses were

lated from the lungs, intestine, and spleen but
wvidence of viral replication was found only in the
lungs and intestine,"'”. Undetectable viruses in
the other organs could be related to limited tis-
sue tropism, low viral titers, or the viruses were
cleared up by neutralizing antibody produced by
human host. Since pathologic changes occurred
in the organs beyond the lungs and these changes
probably represented direct cytopathic effect of
the virus, we cannot help thinking of a hit and
run behavior of the virus when they were not re-
covered from these organs.

Lesionsin the lungs of human cases included

—

pulmonary edema, congestion, DAD, interstitjy
pneumonitis, focal hemorrhage, and bronchig;,
tis. Case 1 died 17 days after the onset of illnes,
with progressive worsening of pneumonia and
acute respiratory distress syndrome. Lung lesigp,
were compatible with these clinical manifestations,
The lungs showed various phases of DAD frop,
late exudative, proliferative and organizing phases
with fibrosis and squamous metaplasia. These
changes indicated that DAD did not occur at the
same time. Lung lesion probably occurred at some
spots in the early stage and later spread to the
other parts of the lung. Pulmonary Aspergillosis
in case 1 was a secondary infection and could bea
complication of viral pneumonia and/or corticos-
teroid administration. The changes in the brain
of case 1 included edema, some necrotic foci, and
minimal focal lymphocytic infiltrate in the
meninges. Some pathologic changes were also
found in the spleen, liver, lymph nodes, and
bone marrow but no significant changes were
detected in the other organs.

Case 2 showed the most prominent lesions
in the lungs that were closely similar to those in
case 1 except exudative phase of DAD. Changes
were reported to involve liver and spleen too. Al-
though the lesions in the lungs are non-specific,
they are typical lesions of pneumonia of viral eti-
ology. Ancillary tests are needed to identify spe-
cific causative organism. Virology studies con-
firmed the diagnosis of H5N1 infection in these 2
human cases. The genomic sequences of the Thai
H5NI1 isolates from chicken and humans of the
same 2004 outbreak were closely similar,*¥. The
study also demonstrated that the Thai H5N1 vi-
rus was a member of the 2000's H5N1 lineage
with most of the genetic sequences closely related
to the Influenza A/Duck/China/E319.2/03
(H5N1),4%, Itbelonged to a single genotype, des-

12
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ignated as genotype Z,0644)

According to the limited number of autopsy
cases available in English literatures, the most strik-
ing and consistent pathologic findings of human
H5N1 disease have been in the lungs. The 4 post-
mortem cases of the 1997 and the autopsy case of
the 2003 outbreaks in Hong Kong showed promi-
nent lung lesions and hemophagocytosis as the
most striking features,®!". Therefore, it was
postulatcd that in those 5 cases, initial viral
replication in respiratory tract might trigger

hypercytokinemia resulting in reactive hemo-
e.0.14)

phagocytotic syndrom

These 2 Thai cases also showed evidence of
cytokine dysfunction but wider range of organ
involvement when compared to the previous 5
Hong Kong cases. Case 1 showed viral mRNA and
tumor necrotic factor-alpha (TNF-tt) in the
lung,'®. The simultaneous presence of viral
antigen and cytokine TNF-! in the same organ
suggests a direct induction of cytokine in the viral
infected cells. This finding concurs with previous
observations that human H5NI1 isolates initiate
the production of cytokines, most prominently
TNF-0, in cultured human macrophages in
vitro,%).

When doing an autopsy of infectious disease,
pathologist usually requires ancillary tests beyond
gross and microscopic examination in order to
establish the organism-specific diagnoses. Viral
culture is valuable for definitive diagnosis and to
yield viruses for molecular epidemiological study.
Viral genotyping has proved to be an invaluable
tool in assessing epidemiological links between
viruses from the various outbreaks. The virus iso-
Jates can be stored and retrieved for later research.

Immunohistochemical stain can be done on
fresh frozen cryostat tissue or paraffin block of

tissue and can be useful as a diagnostic test espe-

cially when fresh specimens are not available for
culture. The stain permits visualization of specific
substances such as viral antigen in morphologi-
cally preserved tissue, thus providing us a better
understanding regarding the extent of viral infec-
tion relative to the host inflammatory responses.
One must be well aware that a positive staining
confirms the diagnosis but a negative result does
not preclude the presence of viral antigen ei-
ther,®, Actually, both viral culture and immu-
nohistochemical techniques are complimentary
diagnostic tools. Presently, immunohistochemi-
cal stain has become an integral part of a pathol-

ogy laboratory.

Conclusions

H5N1 virus caused lethal systemic infection
in domestic ducks with viral antigen found in their
various damaged organs and in macrophages
within the spleen. Whereas pathologic changes
were more limited in the fatal cases of human in-
fection with lung involvement as the most promi-
nent and consistent features. Since infected poul-
try is the source of virus for humans, mammals,
and birds, early detection and control of this dis-
ease in poultry is mandatory to avoid expansion
of the virus in the environment and reduce the

risk of viral transmission to humans and other

species.
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