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Abstract
Severe acute respiratory syndrome (SARS) is an infectious
atypical pneumonia that has recently been recognized in
the patients in 32 countries and regions. This brief review
summarizes some of the initial etiologic findings,
pathological description, and its lesions of digestive system
caused by SARS virus. It is an attempt to draw
gastroenterologists and hepatologists’ attention to this fatal
illness, especially when it manifests itself initially as
digestive symptoms.
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INTRODUCTION
In November 2002, a so-called atypical pneumonia with
unknown etiology appeared in Guangdong Province, China,
followed by reports from Hong Kong, Vietnam, Singapore,
Canada and Beijing of severe febrile respiratory illness that
spread to household members and health care workers[1-6,23-26].
This disease was designated “severe acute respiratory syndrome
(SARS)” later by the World Health Organization (WHO) and
global efforts to understand the cause of this illness and prevent
its spread were instituted in March 2003. Many cases could be
linked through chains of transmission to a health care worker
from Guangdong Province, China, who visited Hong Kong,
where he was hospitalized with SARS and died. Till May 19,
2003, a cumulative total of 7 864 SARS cases were reported
to WHO from 29 countries; 643 deaths (case-fatality
proportion: 8.2 %) have been reported, in which most cases
occurred in China (7291 cases)[7]. The incubation period for
the disease is usually 2 to 7 days. Infection is characterized by
fever, non-productive cough, and shortness of breath, and the
presence of minimal auscultatory findings with consolidation
on chest  radiographs.  Lymphopenia,  leucopenia,
thrombocytopenia, and elevated liver enzymes and creatinine
kinase may also present in  most cases.
    In response to this outbreak, WHO coordinated an
international collaboration that included clinical,
epidemiologic, and laboratory investigation, and initiated
efforts to control the spread of SARS. Rapid research progress
has been made in last three months. This brief review is to
focus on the etiologic and pathologic findings with an emphasis
on the known lesions in the liver and intestine.

ETIOLOGICAL FINDINGS
The isolation of a novel coronavirus was obtained from the
respiratory secretions of patients with SARS and subsequently
demonstrating this virus or a serologic response to this virus,
points to a possible etiologic association with SARS[5,6,17,20,22,27].
The discovery of this new virus occurred through a broad-
based and multidisciplinary effort by clinical, epidemiologic,
and laboratory investigators.
      Researchers around the world have sequenced the genetic
codes of SARS virus, and are searching for clues to the virus’s
origins, behavior, and future. Science is set to publish online a
paper analyzing the genome from the BCCA Genome Sciences
Center in Vancouver, as well as one from the Centers for
Disease Control and Prevention (CDC) in Atlanta (www.
sciencemag.org/feature/data/sars). Now that sequencing
technology has become cheap and widely available, almost
every country or area affected by SARS is sequencing its own
version, including Hong Kong, Singapore and China[8-10]. The
viruses themselves are something of an oddity. With a genome
of the complete -29 700 nucleotides, coronaviruses are relative
giants, and they have a complex two-step replication
mechanism. Many RNA virus genomes contain a single, large
gene that is translated by the host’s cellular machinery to
produce all viral proteins. Coronaviruses, instead, can have
up to 10 separate genes. Most ribosomes translate the biggest
one of these, called replicase, which by itself is twice the size
of many other RNA viral genomes. The replicase gene produces
a series of enzymes that use the rest of the genome as a template
to produce a set of smaller, overlapping messenger RNA
molecules, which are then translated into the so-called structural
proteins - the building blocks of new viral particles. Most
coronaviruses cause either a respiratory or an enteric disease,
and some do both. But the differences among these types can
be small. In 1999, for instance, a team led by Luís Enjuanes of
the Autonomous University of Madrid, Spain, showed that just
two point mutations can change a mostly enteric virus that can
kill piglets into a nondeadly one that excels at the respiratory
route but replicates poorly in the gut[11].
      Researchers have grouped coronaviruses into three categories
based on cross-reactivity of antibodies backed up by genetic
data; the two previously known human viruses fell into different
groups. Investigators have hoped that the genome sequence of
the new virus would help pinpoint its origins. But a first glance
at the data has yielded few clues. The new coronavirus does
not fit into any of the clusters but is a new one by itself.
Phylogenetic analysis of the predicted viral proteins indicates
that the virus does not closely resemble any of the three
previously known groups of coronaviruses. The genome
sequence will aid in the diagnosis of SARS virus infection in
humans and potential animal hosts (using PCR and
immunological tests), in the development of antivirals
(including neutralizing antibodies), and in the identification
of putative epitopes for vaccine development.

PATHOLOGICAL CHANGES IN THE LUNG
Pathological studies of patients who died of SARS from
Guangdong, Hongkong, Beijing and Singapore showed diffuse
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alveolar damage (DAD) in the lung as the most notable
feature[5,6,12,15,21]. In those individuals with severe disease
resulting in death, scattered type II pneumocytes showed
marked cytologic changes including multinucleation,
cytomegaly, nucleomegaly, clearing of nuclear chromatin, and
prominent nucleoli. Although these changes were severe, they
were within the spectrum of epithelial changes seen in other
cases of DAD. Definite viral inclusions were not always found
in the cytoplasm of epithelial cells. Nicholis et al[12] found that
DAD was common but not universal. Morphologic changes
identified were bronchial epithelial denudation, loss of cilia,
and squamous metaplasia. Other findings included focal
intraalveolar hemorrhage, hemophagocytosis, necrotic
inflammatory debris in small airways, organizing pneumonia
or secondary bacterial pneumonia.
      DAD is a pattern of acute lung injury characterized, in the
acute phase, by hyaline membranes, interstitial and
intraalveolar edema, patchy type II pneumocyte hyperplasia,
microthrombi, and scant interstitial infiltrates of mononuclear
cells. The acute phase forms a continuum with the proliferative
or organizing phase in which proliferation of interstitial
fibroblasts and prominent type II pneumocyte hyperplasia are
the histologic hallmarks. In addition to DAD, the autopsy cases
showed acute bronchopneumonia and variable intravascular
thrombosis, all of which are common as terminal events. Biopsy
material from milder cases or earlier in the course of illness
may better define the initial lesion in SARS.
      Multinucleated syncytial cells were identified in the alveolar
spaces in a few patients. These cells contained abundant
vacuolated cytoplasm with cleaved and convoluted nuclei,
which show either CD68 or cytokeratin positive. No obvious
intranuclear or intracytoplasmic viral inclusions were
identified, and electron-microscopical examination of a limited
number of these syncytial cells revealed no coronavirus
particles. No definitive immunostaining was identified in
tissues from a patient with SARS, with the use of a battery of
immunohistochemical stains reactive with coronavirus from
antigenic groups I, II, and III. In addition, no staining of patient
tissues was identified with the use of immunohistochemical
stains for influenza viruses A and B, adenoviruses, Hendra
and Nipah viruses, metapneumoviruses, respiratory syncytial
virus, measles virus, Myocoplasma pneumoniae,and
Chlamydia pneumoniae[14].
    Evaluation of Vero E6 cells infected with coronavirus
isolated from a patient with SARS revealed viral cytopathic
effect that included occasional multinucleated syncytial cells
but no obvious viral inclusions. Immunohistochemical assays
with various antibodies reactive with coronavirus from
antigenic group I, including human coronavirus 229E, feline
infectious peritonitis virus 1, and porcine transmissible
gastroenteritis virus, and with an immune serum specimen from
a patient with SARS demonstrated strong cytoplasmic and
membranous staining of infected cells. No staining was
identified with any of several monoclonal or polyclonal
antibodies reactive with coronavirus in antigenic group II
(human coronavirus OC43, bovine coronavirus, and mouse
coronavirus) or group III (turkey coronavirus and infectious
bronchitis virus). Electron-microscopical examination of a
bronchoalveolar-lavage specimen from one patient revealed
many coronavirus-infected cells[14].
   Ksiazek and colleagues[5] noticed that the primary
histopathological lesions are consistent with a nonspecific acute
response to lung injury that can be caused by infections, trauma,
drugs, or toxic chemicals. The multinucleated syncytial cells
without viral inclusions seen in the lungs of two patients,
however, are suggestive of a number of viral infections
including measles and parainfluenzavirus, respiratory syncytial
virus, and Nipah virus infection. Multinucleated syncytial cells

associated with some human coronavirus infections have
occasionally been observed in cell culture, but most often in
cell cultures inoculated with animal coronaviruses. To detect
this novel coronavirus antigen, the investigators used an
extensive panel of antibodies against coronaviruses that are
representative of the three antigenic groups, including several
group 1 antiserum specimens that reacted against Urbani
SARS-associated coronavirus infected tissue-culture material.
A possible explanation for the failure of this antiserum to react
with antigens in these patients on immunohistochemical
analysis is that the host immune response has cleared the virus
from these tissues. The tissues were available late in the course
of the illness, 14 to 20 days after its onset. For many viral
respiratory infections, viral antigens and nucleic acids are
cleared within two weeks after the onset of disease.
     Electron microscopic examination showed that virus-like
particles with 100-150 nm in diameter were found in cytoplasm
and dilated reticular endoplasm of the infected alveolar
epithelial cells and endothelial cells[5, 15-17]. Other agents, such
as paramyxovirus, metapneumovirus and chlamydia, were also
identified in the pulmonary tissues[16,22]. It could be that the
coronavirus may by itself produce the disease but it may also
open the door for other viruses, or nonviruses, to aggravate
the disease.
      The pathogenesis of this disorder remains to be determined.
However, the mechanism of acute lung injury could involve
direct damage by the virus to the alveolar wall by targeting
either endothelial cells or epithelial cells. Alternatively, the
virus could infect inflammatory cells with the injury mediated
through cytokines, interleukins, or tumor necrosis factor-alpha.
It is also possible that the tissue damage in SARS is not directly
related to viral infection in tissues but is a secondary effect of
cytokines or other factors induced by viral infection proximal
to but not within the lung tissue. In influenza infections, viral
antigens are seen predominantly in respiratory epithelium of
large airways and are only rarely identified in pulmonary
parenchyma, despite concomitant and occasionally severe
interstitial pneumonitis.

LESIONS IN DIGESTIVE ORGANS
As previously described, most coronaviruses cause either a
respiratory or an enteric disease, which is also transmitted by
the faecal-oral route. During this outbreak of SARS, symptoms
of gastrointestinal tract in the patients were noticed. Many
investigators[13,19,24] found that gastrointestinal symptoms are
not uncommon at presentation, including diarrhea (19-50
percent), nausea and vomiting (19.6 percent), and abdominal
pain (13 percent) manifested in SARS patients.
      As many as 66 % of the patients in the Amoy Garden SARS
outbreak in Hong Kong also had diarrhea, contributing to a
significant virus load being discharged in the sewerage, which
caused 361 cases of SARS[3]. During hospitalization, some
patients were present with mildly elevated aminotransferase
levels (indicating liver damage), or developed dysfunction of
the liver at the later stage of the disease. Some patients
presented with severe acute abdominal pain requiring
exploratory laparotomy. All these patients developed typical
SARS. These clinical findings suggest that SARS virus does
involve the digestive system, especially the epithelial cells of
intestinal mucosa.
     Patholologic evaluation of the fatal cases showed that, except
the lung changes, hepatocytes underwent fatty degeneration,
cloudy swelling, apoptosis and dot necrosis, with Kupffer cell
proliferation and portal infiltrates of lymphocytes[15,16]. There
were regional hemorrhages, vascular congestion and
lymphocytic infitration in gastrointestinal walls of the patient.
Suckling mice inoculated with SARS-infected samples also



demonstrated hepatocytic lesions, including swelling, vacuolar
and hydropic degenerations, focal cellular condensation and
necrosis. But no coronavirus-like particles were found in
hepatocytes.
     Epidemiologic investigation also showed that the virus
could survive in stools for at least two days and in diarrhoeal
stools, which has a higher pH, for up to four days. It can also
survive on plastic surfaces for up to 48 hours, but it is not yet
known how big a dose of the virus is required to cause
infection[18].
     According to the experience of Prince of Wales Hospital in
Hong Kong[20], where SARS outbreak happened, the difficulty
of making a firm diagnosis until chest radiographic changes
appear has important implications for health-care personnel
and for surveillance. Three major reasons for spread of infection
to health-care workers are: failure to apply isolation precautions
to cases not yet identified as SARS, breaches of procedure,
and inadequate precautions. Every patient must now be
assumed to have SARS, which has major long-term
implications for the health-care system. Another reason for
spread among health-care workers is infected workers
continuing to work despite symptoms, such as mild fever. Such
individuals must now cease working. However, staying at home
can also have disastrous consequences for exposed family
members. Potential cases therefore require early isolation from
both workplace and household. Extreme measures are required
to protect health-care workers, who account for about 20 % of
cases. Therefore, gastroenterologists and hepatologists should
pay more attention when contacting the patients.
    SARS has been appropriately elicited because current
knowledge regarding the transmission of this disease is rapidly
evolving and clinicians must provide patient care while dealing
with a degree of uncertainty. The Centers for Disease Control
and Prevention have published and regularly update logical
recommendations for preventing the spread of the causative
agent. The causative organism appears to spread predominantly
by contact and droplets and may spread  by airborne routes as
well. The use of N-95 masks, gowns, double gloves, hand
hygiene, and eye protection seem well advised and appear to
have substantially curtailed spread within hospitals.
    Global efforts have described this new syndrome with
dramatic speed, and identified and sequenced the apparent
etiologic agents. With expedited efforts to develop a specific
diagnostic test, effective infection-control techniques, and to
develop effective therapies and vaccines for SARS-associated
coronavirus, and to create a true global health network, there
is much reason for optimism. To be prepared for that challenge,
health care professionals must not forsake their patients, the
research community must  help provide answers to the
unanswered questions, and health care leadership must take
the knowledge from that research to rapidly implement
whatever strategies necessary to better combat this newly
emerging infectious disease[28].

REFERENCES
1 Centers for Disease Control and Prevention. CDC update: out-

break of severe acute respiratory syndrome-worldwide, 2003.
MMWR 2003; 52: 241-248

2 World health organization. Situation Update-SARS. Available
at http://www.who.int/mediacentre/releases/2003/pr31/en/

3 Hong Kong Department of Health Report. Main findings of an
investigation into the outbreak of severe acute respiratory syn-
drome at Amoy Gardens. http://www.info.gov.hk/dh/ap.htm
(accessed April 19, 2003)

4 Booth CM, Matukas LM, Tomlinson GA, Rachlis AR, Rose DB,
Dwosh HA, Walmsley SL, Mazzulli T, Avendano M, Derkach P,
Ephtimios LE, Kitai I, Mederski BD, Shadowitz SB, Gold WL,
Hawrylurk LA, Rea E, Chenkin JS, Cescon DW, Poutanen SM,

Detsky AS. Clinical features and short-term outcomes of 144 pa-
tients with SARS in the Greater Toronto Area. JAMA 2003; 289:
1-9

5 Ksiazek TG, Erdman D, Goldsmith C, Zaki SR, Peret T, Emery
S, Tong S, Urbani C, Comer JA, Lim W, Rolin PE, Dowell S, Ling
AE, Humphrey C, Shieh WJ, Guarner J, Paddock CD, Rota P,
Fields B, DeRisi J, Yang JY, Cox N, Hughes J, LeDuc JW, Bellini
W, Anderson LJ, the SARS Working Group. A Novel Coronavirus
Associated with Severe Acute Respiratory Syndrome. New Eng
J Med, 2003. http://www.nejm.org, May 10, 2003

6 Rota PA, Oberste MS, Monroe SS, Nix A, Campagnoli R, Icenogle
JP, Penaranda S, Bankamp B, Maher K, Chen MH, Tong S, Tamin
A, Lowe L, Frace M, DeRisi JL, Chen Q, Wang D, Erdam D, Peret
TC, Burns C, Ksiazek TG, Rollin PE, Sanchez A, Liffick S,
Holloway B, Limor J, McCausland K, Olsen-Rassmussen M,
Fouchier R, Gunther S, Osterhaus ADME, Drosten C, Paliansch
MA, Anderson LJ, Bellini WJ. Characterization of a novel
coronavirus associated with severe acute respiratory syndrome.
Science. Available at Sciencexpress/www.sciencexpress.org/1
May 2003/10.1126/science.1085952

7 World Health Organization. Cumulative probable cases of se-
vere acute respiratory syndrome (SARS). http://www.who.int/
csr/sars/cases (accessed May 19, 2003)

8 Enserink M, Vogel G. Hungry for details, scientists zoom in on
SARS genomes. Science 2003; 300: 715-716

9 Marra MA, Jones SJM, Astel CR, Holt RA, Brooks-Wilson A,
Butterfield YS, Khattra J, Asano JK, Barber SA, Chan SY, Cloutier
A, Coughlin SM, Freeman D, Girn N, Griffith OL, Leach SR, Mayo
M, McDonald H, Montgomery SB, Pandoh PK, Petrescu AS,
Robertson AG, Schein JE, Siddiqui A, Smailus DE, Stott JM, Yang
GS, Plummer F, Andonov A, Artsob H, Bastien N, Bernard K,
Booth TF, Bowness D, Drebot M, Fernando L, Flick R, Garbutt
M, Gray M, Grolla A, Jones S, Feldmann H, Meyers A, Kabani A,
Li Y, Normand S, Stroher U, Tipples GA, Tyler S, Vogrig R, Ward
D, Watson B, Brunham RC, Krajden M, Petric M, Skowronski
DM, Upton C, Roper RL. The genome sequence of the SARS-
associated coronavirus. Sciencexpress /www. sciencexpress. org/
1 May 2003/10.1126/science.1085953

10 Center for Disease Control and Prevention. SARS coronavirus
sequencing. Availiable at: http://www.cdc.gov/ncidod/sars/
sequence.htm

11 Enserink M. Calling all coronavirologists. Science 2003; 300: 413-
414

12 Nicholls JM, Poon LLM, Lee KC, Ng WF, Lai ST, Leung CY, Chu
CM, Hui PK, Mak KL. Lung pathology of fatal severe acute res-
piratory syndrome. Lancet, Published online May 16, 2003/http:/
/image.thelancet.com/extras/03art4347web.pdf

13 Lee N, Hui D, Wu A, Chan P, Cameron P, Joynt GM, Ahuja A,
Yung MY, Leung CB, To KF, Lui SF, Szeto CC, Chung S, Sung
JJY. A Major Outbreak of Severe Acute Respiratory Syndrome in
Hong Kong. N Engl J Med 2003; 348:1986-1994

14 Zhao JM, Zhou GD, Sun YL, Wang SS, Yang JF, Mao LY, Pan D,
Mao PY, Cheng Y, Wang YD, Xin SJ, Zhou XZ, Lu JY, Li L, Chen
JM. Pathological and etiological findings in a dead case of severe
acute respiratory syndrome in China. Jifangjun Yixue Zazhi 2003;
28: 379-382

15 Wang CE, Qin ED, Gan YH, Li YC, Wu XH, Cao JT, Yu M, Si BY,
Yan G, Li JF, Zhu QY. Pathological observation on sucking mice
and Vero E6 cells inoculated with SARS samples. Jifangjun Yixue
Zazhi 2003; 28: 383-384

16 Hong T, Wang JW, Sun YL, Duan SM, Chen LB, Qu JG, Ni AP,
Liang GD, Ren LL, Yang RQ, Guo L, Zhou WM, Chen J, Li DX,
Wen XB Xu H, Guo YJ, Dai SL, Bi SL, Dong XP, Ruan L. Chlamy-
dia-like and coronavirus-like agents found in dead cases of atypi-
cal pneumonia by electron microscopy. Zhonghua Yixue Zazhi
2003; 83: 632-636

17 Ksiazek TG, Drosten C, Gunther S, Preiser W, Finkelstein S, Rose
D, Green K, Tellier R, Draker R, Adachi D, Ayers M, Chan AK,
Skowronski DM, Salit I, Simor AE, Slutsky AS, Doyle PW, Krajden
M, Petric M, Brunham R, Geer AJ. Identification of a novel
coronavirus in patients with severe acute respiratory syndrome.
N Eng J Med, 2003 http://www.nejm.org, May 10, 2003

18 Donnelly CA, Ghani AC, Leung GM, Hedley AJ, Fraser C, Riley
S, Abu-Raddad LJ, Ho ML, Thach TQ, Chau P, Chan KP, Lam
TH, Tse LY, Tsang T, Liu SH, Kong JHB, Lau EMC, Ferguson

Zhang JZ et al. SARS and its lesions in digestive system          1137



NM, Roy M, Anderson RM. Epidemiological determinants of
spread of causal agent of severe acute respiratory syndrome in
Hong Kong. Lancet. Published online May 7, 2003/http://image.
thelancet.com/extras/03art4453web.pdf, t

19 Tomlinson B, Cockram C. SARS: experience at Prince of Wales
Hospital, Hong Kong, Lancet 2003; 361: 1486-1487

20 Poon LLM, Wong OK, Luk W, Yuen KY, Peris JSM, Guan Y. Rapid
diagnosis of a coronavirus associated  severe acute respiratory
syndrome (SARS). Clin Chem 2003; 49: 1-3

21 Chan WY, Hui PK. Pathology of SARS 2003 Hong Kong. Avail-
able at http://www.eelab.com

22 Peirs JSM, Lai ST, Poon LLM, Guan Y, Yam LYC, Lim W, Nicholls
J, Yee WKS, Yan WW, Cheung MT, Cheng VCC, Chan K H, Tsang
DNC, Yung RWH, Ng TK, Yuen KY, and members of the SARS
study group*. Coronavirus as a possible cause of severe acute
respiratory syndrome. Lancet 2003; 361: 1319-1325

23 Poutanen SM, Low DE, Henry B, Finkelstein S, Rose D, Green K,
Tellier R, Draker R, Adachi D, Ayers M, Chan AK, Skowronski
DM, Salit I, Simor AE, Slutsky AS, Doyle PW, Krajden M, Petric
M, Brunham RC, McGeer AJ. National Microbiology Laboratory,
Canada; Canadian Severe Acute Respiratory Syndrome Study
Team. Identification of severe acute respiratory syndrome in
Canada. N Engl J Med 2003; 348: 1995-2005

24 Tsang KW, Ho PL, Ooi GC, Yee WK, Wang T, Chan-Yeung M,
Lam WK, Seto WH, Yam LY, Cheung TM, Wong PC, Lam B, Ip
MS, Chan J, Yuen KY, Lai KN. A cluster of cases of severe acute
respiratory syndrome in Hong Kong. N Engl J Med 2003; 348:
1977-1985

25 Lee N, Hui D, Wu A, Chan P, Cameron P, Joynt GM, Ahuja A,
Yung MY, Leung CB, To KF, Lui SF, Szeto CC, Chung S, Sung JJ.
A major outbreak of severe acute respiratory syndrome in Hong
Kong. N Engl J Med 2003; 348: 1986-1994

26 Drosten C, Gunther S, Preiser W, Van Der Werf S, Brodt HR, Becker
S, Rabenau H, Panning M, Kolesnikova L, Fouchier RA, Berger A,
Burguiere AM, Cinatl J, Eickmann M, Escriou N, Grywna K,
Kramme S, Manuguerra JC, Muller S, Rickerts V, Sturmer M, Vieth
S, Klenk HD, Osterhaus AD, Schmitz H, Doerr HW. Identification
of a Novel Coronavirus in Patients with Severe Acute Respiratory
Syndrome. N Engl J Med 2003; [epub ahead of print]

27 Fouchier RA, Kuiken T, Schutten M, Van Amerongen G, Van
Doornum GJ, Van Den Hoogen BG, Peiris M, Lim W, Stohr K,
Osterhaus AD. Aetiology: Koch’s postulates fulfilled for SARS
virus. Nature 2003; 423: 240-241

28 Masur H, Emanuel E, Lane HC. Severe Acute Respiratory
Syndrome: Providing Care in the Face of Uncertainty. JAMA 2003;
289: (DOI 10.1001/jama.289.21.JED30036)

Edited by Zhu LH

1138                 ISSN 1007-9327          CN 14-1219/ R          World J Gastroenterol     Jun 15, 2003   Volume 9   Number 6


