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Emerging and re-emerging zoonoses have raised great concerns in both
human and animal health worldwide in the past 20 years. Rudolph Virchow
proposed a “one medicine” discipline and emphasized the importance of
cooperation 150 years ago. In the face of emerging threats from unpre-
dictable zoonoses, human medicine and veterinary medicine should not
be separate and independent sciences. Anatomic pathologists who are
capable of analyzing and interpreting anatomical manifestations of dis-
eases to obtain a definite diagnosis or exclude a wide variety of diseases
play an important role in the diagnostic team. Although disease-associated
microbes are numerous, morphologic patterns of tissue reaction caused
by microbes are limited. Therefore, the interactions between microbes
and host determine the histological changes in the target tissues. The
contributions of anatomic pathology, with its use of morphologic simi-
larities and special techniques, are important in zoonosis diagnosis. This
can be seen in retrospective case studies of recent zoonoses such as
multinucleated syncytial giant cells in severe acute respiratory syndrome
and mouse hepatitis virus infection, syncytial cells in Henipahvirus infec-
tion and paramyxovirus, neuronal vacuolation in bovine spongiform
encephalopathy and variant Creutzfeldt-Jakob disease, and Streptococcus
suis type 2 meningitis. In Taiwan, the Chinese Society for Comparative
Pathology, which was established in 1994, provides for this interaction.
Interlaboratory cooperation plays an important role in the diagnosis, sur-
veillance, and control of emerging and re-emerging zoonoses. (Tzu Chi
Med J 2007;19(3):127-133)
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1. Introduction

Emerging and re-emerging diseases have had a dev-
astating impact on both human and animal health
worldwide in the past 20 years, and zoonotic diseases
have raised particular attention (Table 1). It is esti-
mated that three-fourths of emerging diseases are
zoonotic (1,2). Facing the invasion of so many unpre-
dictable pathogens and the emergence of bioterror-
ism as a global threat, a fast and definite diagnosis
has become more important to eradicate or control
the spread of diseases. Among diagnostic tools, ana-
tomic pathology is effective in recognizing or excluding
infectious diseases based on morphological changes
in organs in affected species (3-5). Human and
veterinary pathologists are familiar with their own
fields. However, German physician Rudolph Virchow
(1821-1902), a towering figure in 19" medicine
and pathology, stated, “Between animal and human
medicine, there is no dividing line—nor should there
be” while working on the zoonosis of trichinosis and
hydatid disease (6,7). This emphasis based on dis-
eases across species lines established the concept of
“one medicine” and led to the development of com-
parative medicine and comparative pathology.

The diagnosis of infectious diseases, especially zoo-
nosis, requires the collaborative efforts of physicians,
epidemiologists, microbiologists, parasitologists, and
pathologists, as well as veterinarians to seek causal
agents. Anatomic pathologists are capable of analyzing
and interpreting anatomical or functional manifesta-
tions of diseases from autopsy, biopsy and cytology
materials using routine processes and advanced diag-
nostic skKills. They can provide important clues to the
diagnostic team in characterization of diseases (3,8,9).
Years of experience have shown that data obtained
from animal necropsies can be useful in determining
the cause of death, which allows comparison with
human counterpart diseases. Histopathological and
cytopathological observations often allow for estab-
lishment of a definite diagnosis or exclusion of a
wide variety of diseases. Compared with other diag-
nostic methods such as culture, immunodiagnosis

and molecular biology, anatomic pathology is safe,
economical, fast and reliable. It can help provide
a disease diagnosis using formalin-fixed tissues,
and direct visualization of lesions with fewer false-
negative results.

2. Pathological diagnosis of infectious
diseases

Although disease-associated microbes are numer-
ous, morphologic patterns of tissue reaction caused
by microbes are limited. Therefore, the interactions
between microbes and host determine the histologic
changes in the target tissues. This allows anatomic
pathologists to analyze rare or unknown pathogens
and quickly report their findings to a diagnostic
team, which gathers information from the pathologi-
cal, microbiological, immunological and molecular
aspects to confirm disease. In pathological study, a
routine hematoxylin and eosin (H&E) stained section
can directly visualize some infectious agents or their
products (e.g. bacterial clumps, most protozoans, all
helminthes and viral inclusion bodies) within lesions
(Table 2, Figs. 1-4) (10-12). To detect infectious
organisms not observed by routine H&E sections,
advanced techniques in histochemistry, immuno-
histochemistry, transmission electron microscopy,
polymerase chain reaction (PCR), in situ PCR, in situ
hybridization, and other molecular techniques are
being developed (Table 3, Figs. 5-10) (13-186).

3. Comparative pathology provides
diagnostic clues in emerging and
re-emerging zoonoses

It is very difficult to predict when and where the
next zoonosis will emerge and the ultimate outcome
depends on myriad interconnected factors. Thus,
rapid and efficient collaboration based on the one
medicine concept is necessary. Comparative pathol-
ogy particularly focuses on comparison of the disease

Table 1 — Major emerging and re-emerging zoonoses in the last 20 years

Year Disease Main hosts

1986 Bovine spongiform encephalopathy (BSE), UK Cattle, human
1993 Cryptosporidiosis, USA Cattle, human
1994 New variant Creutzfeldt-Jakob disease (vCJD), UK Human

1994 Hendra virus infection, Australia Horse, human
1998 Nipah virus infection, Malaysia Pig, human

1999 West Nile fever, USA Bird, horse, human
2002 Severe acute respiratory syndrome (SARS), Asia Human, Chinese horseshoe bat, masked palm civet, raccoon dog
2003 Highly pathogenic avian influenza (HPAI, avian flu), Asia Bird, human

2003 Monkey pox, USA Prairie dog, human
2005 Streptococcus suis type 2 infection, China Pig, human
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Table 2 — Spectrum of tissue reaction to infection (modified from Robbins and Cotran, Pathologic Basis of Disease,

7' edition)

Infectious agent

Tissue response

Example

Bacteria Suppurative inflammation Streptococcus suis type 2 infection (Fig. 1)
Granulomatous inflammation Tuberculosis
Mononuclear inflammation Leptospirosis
Necrotizing inflammation Clostridium perfringens
Fungi Granulomatous inflammation Histoplasmosis, blastomycosis
Helminthes Granulomatous inflammation Toxocara spp. migration
Absence/minimal reaction Trichinellosis (Fig. 1), Toxocara spp. migration
Prions Vacuolation of neurons and neuropil Scrapie (Fig. 2), bovine spongiform encephalopathy,
variant Creutzfeldt-Jakob disease (Fig. 3)
Protozoans Necrosis/granuloma Toxoplasmosis, amebiasis, cryptosporidiosis
Viruses Cytopathic Herpesvirus

Cytoproliferative
Inclusion body

Syncytial formation

Papillomavirus, Epstein-Barr virus, Marek’s disease

Adenovirus (intranuclear); poxvirus, rabies virus (intracytoplasmic) (Fig. 4);
paramyxovirus, herpesvirus (intranuclear and intracytoplasmic)

Paramyxovirus, herpesvirus, coronavirus, Henipahvirus

Fig. 1 — Pig trichinellosis: section shows larvae surrounded
by nurse cells and mononuclear cell infiltration in the

striated muscle (hematoxylin & eosin, 100x).

Fig. 2 — Sheep scrapie: prominent vacuolation in neurons
and neuropil in the medulla oblongata (hematoxylin &
eosin, 200x).

Fig. 3 — Human variant Creutzfeldt-Jakob disease: vacuola-

tion in the cerebellar cortex and amyloid plaques (hema-
toxylin & eosin, 100x). (Courtesy of Dr Chin-Cheng Lee,

Shin Kong Wu-Ho-Su Memorial Hospital, Taiwan.)

Fig. 4 — Human rabies: typical Negri body in the cytoplasm
of the Purkinje cells of the cerebellum (hematoxylin &
eosin, 200x).
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Table 3 — Special techniques to detect infectious agents
in tissues

Technique Use

Acid-fast stain Mycobacteria (Fig. 5),
Nocardia, cryptosporidium

Brown-Brenn stain Gram+, Gram—

Grocott’s methenamine silver stain  Fungi

Immunohistochemistry Antigen detection (Fig. 6)

In situ hybridization Nucleic acid detection (Fig. 7)

In situ polymerase chain reaction Nucleic acid detection

Mucicarmine stain Cryptococci (Fig. 8)

Periodic acid-Schiff stain Fungi (Fig. 9), amebae

Transmission electron microscopy  Ultrastructure of target cells
or microbes (Fig. 10)

Fig. 7 — Horse rabies: positive signal is seen in affected
neurons by in situ hybridization (200x). (Courtesy of
Dr Lin-Lin Chueh, National Taiwan University, Taiwan.)

Fig. 5 — Bovine tuberculosis: many acid-fast bacilli, stained
as red rods, are distributed in macrophages and multinucle-
ated giant cells in the affected lung (acid-fast stain, 400x).

Fig. 8 — Mandrill cryptococcosis: a thick layer of meninges
is infiltrated by numerous Cryptococcus neoformans
organisms with large polysaccharide capsules (Mayer’s
mucicarmine, 200x).

Fig. 6 — Pig streptococcal meningitis: the leptomenin-
ges are heavily infiltrated by an admixture of neutrophils
and lymphocytes. Streptococcus suis type 2 antigen is
clearly demonstrated within the leukocytes by immuno- Fig. 9 — Human candidiasis: numerous Candida organ-
histochemistry (non-biotin horseradish-peroxidase with isms with hyphae in the esophageal mucosa are demon-
hematoxylin counterstain, 400x). strated on periodic acid-Schiff stain (200x).
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process in humans and other animals. To solve the
complexities of emergence and re-emergence of zoo-
noses, effective and integrated collaboration between
human and veterinary pathology is needed. With the
use of morphologic features and auxiliary special tech-
niques, anatomic pathologists contribute greatly to
the diagnosis and consequent management of zoo-
noses (Table 4).

Retrospective case studies of recently occurring
zoonoses reflect the importance of diagnostic pathol-
ogy with its use of morphologic similarities in disease
diagnosis. In 2003, an outbreak of severe acute respi-
ratory syndrome (SARS) occurred in several countries
and caused human deaths. The cause of the disease
has been attributed to a coronavirus. Coronaviruses
in animal species have been well known for years. In
coronavirus mouse hepatitis virus (MHV), multinucle-
ated syncytial giant cells (Fig. 11) in lesions of the

Fig. 10 — Pig cryptosporidiosis: numerous Cryptosporidia
are embedded in the microvilli of the ileum (scanning elec-
tron microscope (SEM), 3750x). Insert: Opened schizont and
unidentified stage of Cryptosporidium spp. surrounded by
microvilli (SEM, 12,000x). (Reprinted with permission from:
Liu CH, Chu RM, Lin YL. Intestinal cryptosporidiosis of pigs
in Taiwan. Chin J Gastroenterol 1985;2:196-203.)

liver and colon share common features with one of
the characteristic lesions of SARS (Fig. 12) (16,17).
Further study indicated that intranasal infection of
A/J mice with MHV strain 1 produced pulmonary
pathologic features of SARS, including interstitial
pneumonitis, dense macrophage infiltrates, giant
cells, and hyaline membranes, resulting in death in
all animals (17,18).

Outbreaks of equine Hendra virus infection in
Australia in 1994 and Nipah virus infection in Malaysia
in 1998 both caused mortalities in humans, horses
and pigs. The two viruses are now classified as a new
genus Henipahvirus in the family Paramyxoviridae. In
past years, paramyxoviruses have caused devastating
mortality in humans and major economic loss from
animal outbreaks, such as that seen in measles in
humans, canine distemper in canine species, and
rinderpest in cattle, as well as Newcastle disease in
poultry. The most commonly affected organs are those
in the respiratory, gastrointestinal and nervous sys-
tems. Among the lesions, syncytial cells throughout
the epithelium and in the vascular endothelium are
a characteristic diagnostic feature (19).

Examples of scrapie in sheep versus kuru, and
bovine spongiform encephalopathy in cattle versus
variant Creutzfeldt-Jakob disease show common
features of vacuolation of neuronal cell bodies and
processes, spongiform changes in neuropil, no inflam-
matory infiltrates, and astrogliosis in the central nerv-
ous system (20). Important morphologic observations
from veterinary and human diagnostic pathologists
provide valuable information in the exploration of
mysterious diseases, such as prion diseases.

Streptococcus suis type 2 infection is a re-
emerging zoonosis and is transmitted from pigs to
humans through close contact. An infection in Sichuan,
China, in 2005 caused 215 cases of human disease
and 39 deaths. Purulent meningitis was the most com-
mon finding in both human and pig cases (21,22).
Routine H&E sections plus immunohistochemical
staining provided rapid diagnosis and contributed
greatly to the treatment of the disease.

Table 4 — Examples of common pathological features providing diagnostic clues of zoonoses

Causative agent Human

Animal model

Common features

Coronavirus

Severe acute respiratory syndrome Mouse hepatitis virus

Syncytial cells

Hendra virus and
Henipahvirus infection

Paramyxovirus

Canine distemper, rinderpest,
Newcastle disease

Syncytial cells in the epithelium
and vascular endothelium

Prion Kuru, variant
Creutzfeldt-Jakob disease

Scrapie, bovine spongiform
encephalopathy

Vacuolation of neuronal cell bodies and
processes, spongiform change in neuropils,
no inflammatory infiltrates, and astrogliosis

Streptococcus suis type 2

Streptococcus suis type 2
infection in humans

Streptococcus suis type 2
infection in pigs

Purulent meningitis

Leptospirosis

Leptospirosis

Leptospirosis

Interstitial nephritis

Cryptosporidium parvum

Cryptosporidiosis

Cryptosporidiosis

Organisms lining the epithelial cells

West Nile fever

West Nile fever

West Nile fever in horses

Nonsuppurative meningoencephalitis
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Fig. 11 — Mouse hepatitis virus: syncytial cells in the omen-
tum (hematoxylin & eosin, 100x). [Courtesy of Dr Chung-
Tiang Liang, National Laboratory Animal Center, Taiwan.)

Fig. 12 — Severe acute respiratory syndrome (SARS): syn-
cytial giant cells and hyaline membranes are observed
in the lungs of SARS-infected patients (hematoxylin &
eosin, 100x). (Courtesy of Dr Cheng-Hsiang Hsiao, National
Taiwan University Hospital, Taiwan.)

4, Conclusion

Humans and other animals live in an unprecedented
era in which emerging and re-emerging zoonoses can
occur anywhere and anytime and the consequences
can be severe. To control and prevent zoonotic diseases,
human medicine and veterinary medicine should not
be separate and independent sciences. Through the
one medicine discipline, anatomic pathologists con-
tribute valuable information to the diagnostic team by
interpreting and analyzing morphologic changes. In
Taiwan, this interaction was established through the
Chinese Society for Comparative Pathology in 1994.

In 2005, proceedings from the conferences of the
society were published, and work continues in this
area. We believe that comparative pathology will play
an important role in the diagnosis, surveillance and
control of unpredictable emerging and re-emerging
ZOoonoses.
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