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The ongoing outbreak of avian influenza A virus

(subtype H5N1) infection in Asia is of great concern

because of the high human case fatality rate and the

threat of a new influenza pandemic. Case reports in

humans and felids suggest that this virus may have

a different tissue tropism from other influenza vi-

ruses , which are normally restricted to the respira-

tory tract in mammals. To study its pathogenesis in

a mammalian host , domestic cats were inoculated

with H5N1 virus intratracheally (n � 3) , by feeding

on virus-infected chicks (n � 3) , or by horizontal

transmission (n � 2) and examined by virological

and pathological assays. In all cats , virus replicated

not only in the respiratory tract but also in multiple

extra-respiratory tissues. Virus antigen expression

in these tissues was associated with severe necrosis

and inflammation 7 days after inoculation. In cats

fed on virus-infected chicks only , virus-associated

ganglioneuritis also occurred in the submucosal

and myenteric plexi of the small intestine , suggest-

ing direct infection from the intestinal lumen. All

cats excreted virus not only via the respiratory tract

but also via the digestive tract. This study in cats

demonstrates that H5N1 virus infection causes sys-

temic disease and spreads by potentially novel

routes within and between mammalian hosts. (Am

J Pathol 2006, 168:176–183; DOI: 10.2353/ajpath.2006.050466)

Avian influenza A viruses of the H5N1 subtype, which are

responsible for the ongoing outbreak of fowl plague in

South East Asia, have caused fatal infections in humans

and other mammals.1–3 Of 122 laboratory-confirmed

cases, 62 patients have died of H5N1 virus infection as of

1 November 2005 (World Health Organization: http://

www.who.int/csr/disease/avian�influenza/country/en/). In

addition, H5N1 virus has caused fatal infection in domes-

tic cats, leopards, and tigers, species previously consid-

ered to be resistant to disease from influenza A virus

infection.4,5 The transmission of avian influenza A virus to

mammalian species is of great concern because this may

allow the virus to adapt to mammalian hosts and acquire

pandemic potential. So far, however, there is only evi-

dence for limited human spread.6 The pathogenesis of

H5N1 virus infection in humans and other mammalian

hosts is poorly understood, including how the virus

spreads within the host and from one host to another.

When bird-to-human transmission of H5N1 virus was

first recorded in 1997, with 6 deaths of 18 hospitalized

patients,7–9 the question of why this virus was so patho-

genic was raised. One hypothesis was that H5N1 virus

had expanded its tissue tropism in humans beyond its

normal location in the respiratory tract, resulting in sys-

temic infection,10 as is the usual situation in poultry in-

fected with highly pathogenic avian influenza virus.11

Although support for this hypothesis was provided nei-

ther by studies of patients who died in 199712 nor by

experimental infections in cynomolgus macaques,13,14

the recent isolation of H5N1 virus from a patient with

severe neurological symptoms15 once again raises the

question of extra-respiratory tissue tropism of H5N1 virus

in humans and other mammalian hosts.

Related to the question of tissue tropism is the question

whether H5N1 virus can spread from one mammalian

host to another and, if so, how. Although most human

H5N1 virus infections have been due to contact with

infected poultry or poultry products, probable person-to-

person transmission has been recorded for two patients.6

The possibility of mammal-to-mammal transmission of
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this virus was confirmed by studies in cats and tigers.5,16

However, the routes by which H5N1 virus can spread

from human to human is not known. The accepted trans-

mission route of human influenza virus infection—by in-

halation of virus-infected aerosol17—is based on the in-

fection being restricted to the respiratory tract. However,

fecal-oral transmission is considered the most important

route of transmission of influenza A virus in birds.11 The

isolation of H5N1 virus from a rectal swab of a human

patient presenting with diarrhea suggests that transmis-

sion by infected feces in humans also could occur.15

To investigate the pathogenesis of H5N1 virus infection

in a mammalian host, we performed detailed virological

and pathological studies of domestic cats experimentally

infected with H5N1 virus by different routes of inoculation.

We have previously used this model to show that cats can

be infected with H5N1 virus both by horizontal transmis-

sion and by feeding on virus-infected birds and that

infected cats develop severe virus-associated pneumo-

nia.5 In the present study we determined whether extra-

respiratory spread of H5N1 virus occurred, and, if so,

with which lesions this was associated. The results are

discussed in the light of viral spread within the host and

between hosts.

Materials and Methods

Virus Preparation

A virus stock was prepared of influenza virus A/Vietnam/

1194/2004 (H5N1), which was isolated from a fatal hu-

man case. The virus (passage xE1) was kindly provided

by Dr. W. Lim, Queen Mary Hospital, Hong Kong, and

propagated once in Madin-Darby canine kidney (MDCK)

cells (xE1MDCK1). It was titrated according to standard

methods18 and reached an infectious virus titer of 106.2

median tissue culture infectious dose (TCID50) per ml.

Experimental Protocol

Four- to six-month-old specified pathogen-free European

shorthair cats were purchased from a commercial

breeder (Harlan, Indianapolis, IN). During the entire ex-

periment the animals were housed in negatively pressur-

ized isolator units. Three cats (nos.1 to 3) were infected

intratracheally by use of a catheter with 2.5 � 104 TCID50

of H5N1 virus under anesthesia with ketamine. Two days

after cats 1 to 3 were inoculated intratracheally, two sen-

tinel cats (nos. 4 and 5) were placed in the same enclo-

sure to investigate whether cats could be infected via

horizontal transmission. A third group of three cats (nos.

6 to 8) were fed with infected birds. To this end, 1-day-old

chicks were infected intratracheally with 2.5 � 104

TCID50 of H5N1 virus. At 1 day after infection, the chicks

were euthanized and were fed to cats 6 to 8 (one chick

per cat). Liver and lung homogenates obtained from

infected chicks contained �109 TCID50 per g tissue and

cloaca swabs reached titers of 104 to 107.5 TCID50/ml.

Two cats (nos. 9 and 10) fed with chicks sham-infected

with phosphate-buffered saline served as negative con-

trols. Before and at 1, 3, 5, and 7 days after infection,

pharyngeal, nasal, and rectal swabs were collected from

cats under anesthesia and submersed in 3 ml of virus

transport medium (minimal essential medium with antibi-

otics). All cats were euthanized at 7 days after infection

by exsanguination under ketamine anesthesia, except for

one cat that died on day 6 after infection. Experimental

procedures were approved by an independent Animal

Care and Use Committee.

Pathological Examination and

Immunohistochemistry

Necropsies and tissue sampling were performed accord-

ing to a standard protocol. After fixation in 10% neutral-

buffered formalin and embedding in paraffin, tissue sec-

tions were stained with hematoxylin and eosin for

histological evaluation or with an immunohistological

method using a monoclonal antibody against the nucleo-

protein of influenza A virus as a primary antibody for

detection of influenza viral antigen.13 Lung tissue of an

experimentally infected cynomolgus macaque (Macaca

fascicularis) experimentally infected with influenza virus

A/Hong Kong/156/1997 (H5N1) was included as a posi-

tive control. Isotype-matched and omission controls were

included as negative controls. The following tissues were

examined by these two methods: conjunctiva, nasal con-

cha, trachea, lung (nine specimens), tongue, esophagus,

stomach, duodenum, jejunum, ileum, cecum, colon, ton-

sil, tracheo-bronchial lymph node, mesenteric lymph

node, spleen, thymus, heart, liver, pancreas, kidney, ad-

renal gland, urinary bladder, olfactory bulb, cerebrum (at

level of hippocampus), cerebellum, and brain stem.

Virus Titrations

Tissue samples were weighed and homogenized in 3 ml

of transport medium with a homogenizer (Kinematica

Polytron, Lucerne, Switzerland). Ten-fold serial dilutions

of the tissue suspensions and swabs were inoculated in

MDCK cells in quadruplicate as described previously.18

All experiments were performed under biosafety level 3�

conditions.

Bacteriology

Lung swabs were tested by routine bacteriological meth-

ods (with blood agar, chocolate agar, and MacConkey

agar) under aerobic and anaerobic conditions for bacte-

rial pathogens by the Department of Medical Microbiol-

ogy and Infectious Diseases, Erasmus MC, Rotterdam,

The Netherlands.

Results

Clinical Signs

All intratracheally inoculated cats and cats fed on virus-

infected chicks showed clinical signs, including raised
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body temperature, decreased activity, protrusion of the

third eyelid, conjunctivitis, and labored breathing, from 2

days after infection onwards. Clinical signs in sentinel

cats were similar, except that they developed symptoms

later (from 5 days after infection onwards) and protrusion

of the third eyelid was not observed. Negative control

cats showed no clinical signs.

Virology and Bacteriology

Virus was isolated from pharyngeal, nasal, and rectal

swabs of all intratracheally inoculated cats, cats fed on

virus-infected chicks, and sentinel cats (Figure 1). The

only exception was the failure to isolate virus from nasal

swabs of one sentinel cat (no. 4). In general, swabs first

tested positive at 3 days after infection and remained

positive until the end of the experiment at 7 days after

infection. The titers in the pharyngeal swabs of the intra-

tracheally inoculated cats continued to increase up to

104.5 TCID50/ml during the course of the experiment.

Peak titers in nasal swabs ranged from 102.5 to 105.0

TCID50/ml. The virus titers in the rectal swabs varied

widely. No virus was isolated from any of the swabs

collected from the negative control cats.

Seventeen different organs were tested for the pres-

ence of virus by virus-isolation procedures (Figure 2).

Both in intratracheally inoculated cats and cats fed on

virus-infected chicks, virus replication was demonstrated

in extra-respiratory tissues, most often brain, liver, kidney,

and heart (Figure 2). There was no clear difference in

virus distribution between these two groups, except that

the tracheo-bronchial lymph node was positive in all three

intratracheally inoculated cats and negative in all three

cats fed on virus-infected chicks. The stomach, eyelid,

Figure 1. Infectious virus titers in pharyngeal, nasal, and rectal swabs obtained from cats infected with influenza A virus (H5N1) by the intratracheal route (top,
filled symbols), by horizontal transmission (top, open symbols), or by feeding on virus-infected chicks (bottom, filled symbols) at various time points after
infection. No virus was isolated from any swabs of negative control cats (data not shown).

Figure 2. Infectious virus titers in organ tissue homogenates obtained from cats infected with influenza A virus (H5N1) by the intratracheal route (cats 1 to 3),
by horizontal transmission (cats 4 and 5), or by feeding on virus-infected chicks (cats 6 to 8) 7 days after infection. Organs that were tested included stomach (A),
liver (B), kidney (C), heart (D), cerebrum (E), cerebellum (F), brain stem (G), olfactory bulb (H), nasal concha (I), lung (J), trachea (K), jejunum (L), tonsil (M),
eyelid (N), tracheo-broncheal lymph node (O), mesenteric lymph node (P), and spleen (Q).
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mesenteric lymph node, and spleen specimens were

negative in all cats, except for cat 1, in which all tissues

were positive. The respiratory tract specimens of the two

sentinel cats (nos. 4 and 5) also tested positive, indicat-

ing that they became productively infected after contact

with the intratracheally inoculated cats. No virus was

isolated from any of the tissues collected from the nega-

tive control cats. No bacteria were isolated from lung

specimens by bacteriological culture.

Gross Pathology

All intratracheally inoculated cats, cats fed on virus-in-

fected chicks, and sentinel cats had multifocal or coa-

lescing pulmonary lesions, which were red-purple,

slightly raised, and firmer than normal. The estimated

percentage of lung tissue involved per cat varied: 95%

(cat no. 1), 80% (no. 2), 66% (no. 3), 5% (no. 4), 33% (no.

5), 33% (no. 6), 95% (no. 7), and 33% (no. 8). Negative

control cats (nos. 9 and 10) had no pulmonary lesions.

The only gross lesions in extra-respiratory organs were

seen in cats fed on virus-infected chicks. All three cats

had enlargement of and multifocal petechial hemor-

rhages in the tonsils, mandibular lymph nodes, retropha-

ryngeal lymph nodes, or a combination of these tissues.

Two of three cats (nos. 6 and 7) had multiple petechial

hemorrhages in the liver. In one of these animals (no. 6),

petechial hemorrhage was associated with generalized

icterus, characterized by yellow staining of multiple

tissues.

Histopathology

Intratracheally inoculated cats had histological lesions in

the lung, brain, heart, kidney, liver, and adrenal gland

(Figure 3). In the lung, all three cats had multiple or

coalescing foci of inflammation and necrosis that cen-

tered on the bronchioles. In these foci, the alveolar and

bronchiolar lumina were filled with alveolar macro-

phages, neutrophils, and erythrocytes, mixed with fibrin,

edema fluid, and cellular debris. Some alveoli were cov-

ered by hyaline membranes. The epithelium of bronchio-

lar and alveolar walls had evidence of both necrosis and

hyperplasia. The bronchiolar and alveolar walls were

moderately thickened. Some foci in the lung parenchyma

showed coagulation necrosis, whereas others had evi-

dence of beginning alveolar fibroplasia and bronchiolitis

obliterans. The bronchi were much less severely af-

fected. There was edema and moderate accumulation of

mononuclear cells around pulmonary artery branches.

In the brain, all three cats had multiple randomly dis-

tributed foci of necrosis and inflammation, characterized

by aggregates of neutrophils and glial cells, interstitial

edema, neuronal necrosis, and perivascular mononu-

clear infiltrates. The leptomeninges had multifocal to dif-

fuse mononuclear infiltrates. One cat (no. 1) had segmen-

tal loss of ependymal cells lining the lateral ventricle, with

increased cellularity and edema in the underlying paren-

chyma. Another cat (no. 3) had mononuclear infiltrates in

the choroid plexi of lateral and fourth ventricles. The

lesions were generally more marked in the cerebrum than

in the brain stem, and mild or absent in the cerebellum.

In the heart, two of three cats (nos. 2 and 3) had

multiple foci of necrosis and inflammation in the myocar-

dium, mainly near to the lumen of left or right ventricle.

These foci were characterized by myocyte necrosis and

accumulation of mononuclear cells. In the kidney, one of

three cats (no. 1) had multiple foci of tubular epithelial

necrosis and presence of protein exudate in the Bow-

man’s capsule of many glomeruli. In the liver, one of three

cats (no. 1) had multiple randomly located foci of necro-

sis and inflammation, characterized by hepatocytic ne-

crosis, accumulation of erythrocytes, and infiltration by

macrophages and neutrophils. In the adrenal gland, all

three cats had multiple foci of necrosis and inflammation

in the cortex, with necrosis of adrenal cortical cells, ac-

cumulation of erythrocytes, and infiltration by neutrophils.

The other tissues examined had no significant lesions.

Both sentinel cats had similar histological lesions com-

pared to the intratracheally inoculated cats, with the fol-

lowing differences. In the lung, there were relatively more

neutrophils and fewer macrophages in alveoli and bron-

chioles. There was no evidence of regeneration of alve-

olar and bronchiolar epithelium, alveolar fibroplasia,

bronchiolitis obliterans, or perivascular cuffing. In the

liver, the necrotic foci were infiltrated with relatively more

neutrophils and fewer macrophages. Only one of two

cats (no. 4) had lesions in the adrenal gland similar to

those in the intratracheally inoculated cats, while neither

had significant lesions in the heart, kidney, spleen, intes-

tine, or other tissues examined. The brain of contact cats

was not examined.

All three cats fed on virus-infected chicks had similar

histological lesions compared to the intratracheally inoc-

ulated cats, with the following differences. In the brain,

the character and distribution of lesions were similar,

except that lesions were not observed in ependyma and

choroid plexus. Only two of three cats (nos. 6 and 7) had

lesions in the heart. Small intestine lesions were found

only in cats fed on virus-infected chicks (and of these,

only in cats 6 and 7). These consisted of multifocal to

diffuse necrotic and inflammatory changes in the submu-

cosal (Meissner’s) and myenteric (Auerbach’s) plexi. Af-

fected plexi had loss and necrosis of ganglion cells and

infiltration by neutrophils and mononuclear cells. In the

adrenal gland, two of three cats (nos. 7 and 8) had

multiple lesions in the medulla similar in character to

those in the cortex. None of the cats had significant

lesions in kidney, spleen, or other tissues examined. Neg-

ative control cats had no significant lesions in the lung,

brain, heart, kidney, liver, spleen, intestine, adrenal

gland, or other tissues examined.

Immunohistochemistry

Influenza virus antigen expression was visible as diffuse

to granular red staining, which was usually darker in the

nucleus than in the cytoplasm (Figure 3). Influenza virus

antigen expression was seen most frequently in liver,

heart, brain, lung, and adrenal gland (Table 1). In the
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lung (Figure 3), virus antigen expression was seen in

many type 1 pneumocytes, type 2 pneumocytes, bron-

chiolar and bronchial epithelial cells, in occasional alve-

olar macrophages, and in rare endothelial cells and

smooth muscle cells of pulmonary vein branches. In the

brain, virus antigen expression was seen in many neu-

rons and glial cells, and in occasional choroid epithelial

cells, ependymal cells, and leptomeningeal epithelial

cells. Virus antigen expression was seen in many cardiac

myocytes and in occasional endocardial endothelial cells

in the heart; in many glomerular cells (visceral epithelial

and/or mesangial cells; cat no. 1 only) and in occasional

distal tubular epithelial cells (cat no. 6 only) in the kidney;

in many hepatocytes in the liver; in occasional large

mononuclear cells (mainly at the border between red

pulp and follicles) in the spleen; in occasional ganglion

cells and Schwann cells in submucosal and myenteric

plexi in duodenum and ileum; and in many cortical cells

and in occasional pheochromocytes in the adrenal gland.

Additionally, virus antigen expression was seen in a few

medullary epithelial cells in the thymus and in a few large

mononuclear cells in the germinal center of secondary

follicles of the mesenteric lymph node in cat 1 only.

In all tissues except spleen, thymus, and mesenteric

lymph node, influenza virus expression was closely as-

sociated with the presence of histological lesions. In gen-

eral, influenza virus antigen expression was strongest at

the transition of normal and necrotic tissue. In larger

lesions, this resulted in a ring of antigen expression at the

edge of the lesion and lack of antigen expression in the

center (liver in Figure 3). Influenza virus expression was

present in positive control tissues and absent in both

isotype and omission controls. Erythrocytes showed non-

specific light brown staining, probably because of pseu-

doperoxidase,19 most prominent in the red pulp of the

spleen.

Discussion

Our study in experimentally inoculated cats shows that

there is extensive extra-respiratory spread of H5N1 virus,

including tissues of the nervous, cardiovascular, urinary,

digestive, lymphoid, and endocrine systems. In these

tissues, we demonstrated both active virus replication

and severe pathological changes, consisting of necrosis

and inflammation. Our study also shows that infected

cats excrete H5N1 virus via the rectum, suggesting that

cat-to-cat transmission of H5N1 virus could occur

through infected feces.

Although it has been shown previously that cats can be

experimentally infected with influenza A viruses,5,20–22 to

our knowledge this is the first time that systemic replica-

tion has been demonstrated in this species. The exten-

sive extra-respiratory virus replication and its association

with severe necrosis and inflammation in these cats sug-

gest that the high pathogenicity of this H5N1 virus for

mammalian species, including humans, may be related

to its wide tissue tropism. Our findings in cats correspond

with previous findings from experimentally infected fer-

rets23,24 and mice.25–27 Evidence for extra-respiratory

replication of H5N1 virus in humans is the isolation of

H5N1 virus from the cerebrospinal fluid of a human pa-

tient diagnosed clinically with acute encephalitis.15 The

extensive virus-associated liver necrosis and inflamma-

tion we observed in the cats is compatible with the in-

Figure 3. Cats infected with influenza A virus (H5N1) (cats 1 to 8) have lesions associated with virus replication in multiple tissues. Necrotizing and inflammatory
changes are seen in multiple tissues, except the spleen, of cats infected with H5N1 virus (first column). See the text for a more detailed description of these
lesions. The asterisk indicates protein exudate in the Bowman’s capsule of a renal glomerulus. The two arrowheads point to the inflamed myenteric plexus in
the intestinal wall. Serial sections of these tissues (second column) show that these lesions are closely associated with the expression of influenza virus antigen.
Tissues of negative control cats (cats 9 and 10) show neither lesions (third column) nor influenza virus antigen expression (fourth column). Tissues were
stained either with H&E or by immunohistochemistry using a monoclonal antibody against the nucleoprotein of influenza A virus as a primary antibody.

Table 1. Influenza Virus Antigen Expression in Tissues of Cats Infected with Influenza A Virus (H5N1) by Different Inoculation
Routes

Tissue*

Number of animals positive per method of inoculation

Intratracheal (n � 3) Sentinel (n � 2) Fed on virus-infected chicks (n � 3)

Liver 3 2 1
Kidney 1 0 1
Heart 3 0 2
Cerebrum 3 n.d.† 3
Cerebellum 2 n.d. 1
Brain stem 3 n.d. 3
Olfactory bulb 3 n.d. 2
Lung 3 2 3
Duodenum 0 n.d. 2
Ileum 0 n.d. 1
Mesenteric lymph node 1 0 0
Spleen 2 2 0
Thymus 1 n.d. 0
Adrenal gland 3 1 3

*No virus antigen expression was seen in the following tissues of the above animals: tongue, nasal concha, nasal septum, trachea, eyelid, third
eyelid, thyroid, salivary gland, tonsil, tracheo-bronchial lymph node, retropharyngeal lymph node, mandibular lymph node, bone marrow, esophagus,
stomach, pancreas, jejunum, cecum, colon, and urinary bladder.

†Not done.
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creased serum levels of alanine aminotransferase and

aspartate aminotransferase, indicative of liver damage,28

seen in six of seven human patients.6,29 The virus-asso-

ciated ganglioneuritis of the intestinal nervous plexi we

observed in the cats is noteworthy considering that diar-

rhea was diagnosed in 9 of 12 human patients.15,29 Al-

though ganglioneuritis from influenza virus infection has

never been reported to our knowledge, ganglioneuritis

from other causes, including virus infections, may result

in diarrhea.30 Another example of extra-respiratory infec-

tion by avian influenza viruses in mammalian hosts in-

volves the infection of human conjunctivae by viruses of

the H7N7 subtype.31–34

There was evidence for at least two routes of virus

entry, from blood and from the intestinal lumen, into extra-

respiratory tissues of the cats. Evidence for virus entry

from blood comes first from the pattern of virus infection

in renal glomeruli and randomly located foci in liver and

adrenal gland. This pattern closely resembles that seen

in blood-borne spread of bacteria, eg, Salmonella septi-

cemia.35 Second, the predominance of virus-associated

myocardial lesions adjacent to the lumen of the heart

ventricles and, third, the expression of virus antigen by

endothelial cells of pulmonary veins and endocardium

also point toward blood-borne spread of H5N1 virus. This

route of virus spread corresponds to the detection of

H5N1 virus in the serum of a human patient.15 In contrast

to the above tissues, the submucosal and myenteric plexi

in the intestine may have been infected directly from the

intestinal lumen. We only observed virus expression by

immunohistochemistry and associated lesions in the in-

testine of cats fed on virus-infected chicks. Although virus

entry by this route has not been demonstrated before for

influenza virus, herpes simplex virus has been shown to

enter the submucosal and myenteric plexi from the intes-

tinal lumen via nerve fibers projecting through the mu-

cosa and interacting directly with surface epithelial

cells.36 Entry of influenza virus into host tissues directly

from the intestinal lumen remains to be conclusively dem-

onstrated because we cannot exclude the possibility that

the cats fed on virus-inoculated chicks received some

inoculum through the respiratory tract while feeding. Vi-

rus entry via the intestinal lumen is of interest for humans

because of reports of fatal H5N1 virus infection after

consuming raw poultry products (Avian influenza, huma-

n–East Asia (64) Viet Nam. ProMED-mail 2005; 4 April:

20050404.0971 http://www.promedmail.org) or after us-

ing the mouth to suck exudate from the upper respiratory

tract of fighting cocks (Avian influenza, human–Thailand

(06) ProMED-mail 2004; 9 Sept: 20040909.2513 http://

www.promedmail.org). Park and colleagues37 demon-

strated a third route of influenza virus entry in extra-

respiratory tissues of experimentally infected mice. They

showed that influenza virus could enter the brain from the

nasal cavity by way of the olfactory nerves—which pen-

etrate the cribriform plate—and olfactory bulb. We have

no evidence for this route of entry in the cats because the

virus-associated lesions in the olfactory bulb and adja-

cent cerebral tissue did not appear more chronic or more

frequent than those elsewhere in the brain. However,

more detailed studies at earlier time points after infection

would be needed to exclude this possibility.

Cat-to-cat spread of H5N1 virus may have occurred

because of virus excretion from a number of organ sys-

tems. The first and most obvious possibility is excretion

from the respiratory tract, based on virus isolation from

nasal and pharyngeal swabs as well as from trachea and

lung samples. This also has been found for H5N1 virus

infection in human patients6,15,29 and in experimentally

infected ferrets.23,24 The second possibility, previously

considered important only for influenza virus infection in

birds,11 is excretion from the digestive tract. This is

based on virus isolation from rectal swabs as well as from

jejunum samples. Surprisingly, we did not find immuno-

histochemical evidence for virus replication in the epithe-

lium of the digestive tract at any of the seven levels

(esophagus, stomach, duodenum, jejunum, ileum, ce-

cum, colon) tested, even though this is an important site

of influenza virus replication in birds.11 Transmission of

H5N1 virus by infected feces should be considered in

humans. The virus has been isolated from a rectal swab

of a human patient.15 Also, a high proportion of H5N1

influenza patients presented with severe and watery di-

arrhea, which increases the risk of transmission via feces.

H5N1 virus also has been isolated from the feces of

experimentally infected ferrets.23 The third and previ-

ously not considered possibility of virus excretion is from

the urinary tract. This is based on virus isolation from

kidney samples of five of six cats and virus antigen de-

tection in the glomeruli or renal tubular epithelial cells of

two of eight cats. Virological examination of urine sam-

ples of H5N1 virus-infected hosts is necessary to deter-

mine whether urine could form a source of H5N1 virus. It

cannot be excluded that there were other sources of

excreted virus, like blood and saliva.

Our results on the pathogenesis and replication of

H5N1 virus in experimentally infected cats has several

implications for the clinical and epidemiological man-

agement of the ongoing H5N1 virus outbreak. First, the

severity of the lesions associated with H5N1 virus rep-

lication outside the respiratory tract could partly ex-

plain the increased pathogenicity of this virus for mam-

malian hosts, including humans. If so, supportive

measures in patients with severe disease should be

directed not only to the respiratory tract but also to

other organ systems. Second, the potential for H5N1

virus to enter mammalian hosts via the intestine pro-

vides a possible explanation for how this virus could

present clinically in absence of respiratory tract dis-

ease, as suggested by the recent findings in two pa-

tients with encephalitis and diarrhea.15 Therefore,

H5N1 virus infection needs to be included in the dif-

ferential diagnosis of a broader range of clinical pre-

sentations than is currently done. Finally, the possibility

for the spread of H5N1 virus via feces in mammals

needs to be taken into account in the epidemiological

control of H5N1 virus infections. The above measures

may limit the risk of H5N1 virus developing into a

pandemic influenza virus.
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