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Background 
From November 2002 to July 2003, worldwide attention turned to cases of a rapidly 
progressive respiratory illness that spread through five continents. The regions most 
affected were Guangdong Province in China, Hong Kong, Vietnam, Singapore, and 
Canada [1-3]. The illness was eventually named severe acute respiratory syndrome 
(SARS) by the World Health Organization (WHO), which launched major efforts to 
track cases, determine an etiology, establish a laboratory test for diagnosis, evaluate 
treatments, and test infection control strategies to prevent further spread. There were 
8,447 cases—21 percent occurring in health care workers (HCWs)—and 813 deaths 
(9.6 percent overall mortality) by the time SARS was contained in July 2003 [4]. The 
case-fatality rate in 2003 was estimated at 13.2 percent for patients younger than 60 
years and 50 percent for patients older than 60. Fifty percent of patients with SARS-
related acute respiratory distress syndrome (ARDS) died [4]. 
 
Epidemiology 
SARS was first reported in Guangdong Province, China in November 2002. Health 
care workers and their contacts—those who care for, live with, or have face-to-face 
contact with them, which confers a high likelihood of direct contact with respiratory 
secretions and other bodily fluids—appeared to be a major factor in the outbreak [4]. 
The initial case was a physician from Guangdong who traveled to Hong Kong to 
visit family 5 days after the onset of some symptoms [5]. Other cases in Hong Kong 
developed in people who had some contact with the index or secondary cases, 
including guests staying at the same hotel as the initial case. The infection was 
spread to Singapore, Thailand, Vietnam, and Canada by travelers returning from 
Guangdong province and Hong Kong. In Toronto, a couple returning from Hong 
Kong were considered the index cases; the disease seems to have been spread by 
HCWs and patients in the institution where they were treated, and then spread further 
when some of those patients were transferred to other hospitals, before the Canadian 
medical community was aware of SARS. An outbreak of other strains of SARS-
CoV, mainly among individuals with frequent animal contacts, was reported in 
Guangdong in late 2003 and early 2004 [6]. 
 
Adults were primarily affected in both outbreaks [7]. In the pediatric population, the 
clinical course was described as mild or brief with nonspecific laboratory 
abnormalities (e.g., lymphopenia, elevated transaminases and creatine kinase) and 
chest imaging changes; no pediatric mortalities were reported [4]. 
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Etiology 
Speculations about the etiology of this illness favored a new strain from the 
coronavirus family of viruses, due to the symptom complex and pattern of contagion. 
Two independent studies have demonstrated infection of a relatively high percentage 
of horseshoe bats in China with viruses that have nucleotide sequences nearly 
identical to SARS [8, 9]. Furthermore, genome sequencing has demonstrated that bat 
SARS-like viruses and SARS isolates from humans share 88 to 92 percent of their 
overall sequence identity [10], which raises the possibility that bats could be a 
primary reservoir [11]. Further molecular studies separated the human SARS-CoV 
isolates into early-, middle-, and late-phase outbreak viruses. Interestingly, human 
SARS-CoV isolates from 2003-2004 were more closely related to animal isolates 
than human isolates from 2002-2003. Such findings suggest an “independent 
species-crossing” event [4]. 
 
Transmission 
Based upon the case clusters from Hong Kong and Canada, SARS appears to spread 
from person to person and through face-to-face contact, suggesting droplet spread [5, 
12, 13]. During the Hong Kong outbreak, for example, almost one-half of patients 
were infected in clinics, hospitals, or nursing homes, most likely through small 
droplets that remain suspended in the air [14-16]. 
 
SARS-virus RNA was detected on a variety of hospital surfaces, including computer 
mice and elevator handrails, during the outbreaks [17]. This can be explained by the 
excretion of coronavirus in sputum, which can remain in the environment for up to 
21 days, and vomit [18]. Other possible transmission vectors are sewage and water, 
because SARS virus can be excreted in stool for several weeks after symptoms have 
resolved [18, 19]. 
 
Clinical Presentation 
SARS-CoV disease can be similar to other viral illnesses. During the first week, 
patients can have influenza-like symptoms that include fever, rigors, headache, 
malaise, and myalgias. During the second week of illness, respiratory symptoms, 
such as dry cough and dyspnea, may emerge, in addition to diarrhea. During this 
time, respiratory distress can rapidly progress to full-blown pneumonia, leading to 
respiratory failure. Up to 70 percent of patients develop large volume watery 
diarrhea [20]. 
 
The WHO and the U.S. Centers for Disease Control and Prevention (CDC) issued 
separate, but similar, definitions for SARS [20, 21]. According to the WHO, a 
probable case is defined by 

• Fever above 38 degrees C (100.5 degrees F), plus 
• One or more lower respiratory tract symptoms (cough, 

dyspnea), plus 
• chest radiograph findings of pneumonia or acute respiratory 

distress syndrome (ARDS), and 
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• No other cause for for acute illness and respiratory failure 
[20]. 

The CDC outlines laboratory criteria in its definition [22]. 
 
Laboratory and Imaging 
Among the laboratory tests for SARS are SARS-CoV diagnostic assay by reverse 
transcription-polymerase chain reaction (RT-PCR) and serocoversion by ELISA. A 
single positive test does not confirm diagnosis, given their high rates of false 
positives and negatives. Thus, RT-PCR is usually done first and, when positive, 
ELISA is used to confirm results. Further confirmation can be carried out in 
reference laboratories by testing for serum antibodies to SARS-CoV: a four-fold or 
greater increase in antibody titer in two clinical specimens from different sources or 
the same source on two different days confirms the SARS diagnosis. 
 
SARS diagnosis can be excluded if another diagnosis fully explains the illness, if the 
case was classified based upon an exposure to another patient who is subsequently 
found not to have SARS, or if a convalescent serum sample obtained less than 28 
days after the onset of symptoms proves to be negative for antibodies to the SARS 
virus [20, 21]. Overall, the viral culture sensitivity to confirm a SARS diagnosis is 
lower than that of other serologic tests [21]. 
 
Predictors of Outcome 
Nonspecific laboratory abnormalities that may be observed with SARS include 
elevated serum aminotransferases and creatine kinase reported early in the course of 
the disease, with leukopenia and thrombocytopenia as the respiratory phase peaks 
[7]. Elevated lactate dehydrogenase was reported in 71 percent of 138 patients in a 
case series from Hong Kong [23] and appears to be associated with a poor outcome. 
[24, 25]. 
 
Chest x-ray patterns range from normal to diffuse interstitial infiltrates characteristic 
of ARDS [26-29]. Computed tomographic (CT) scan images may show parenchymal 
abnormalities in patients with seemingly normal chest x-rays [30-32]. Small (less 
than 1 cm in diameter) cysts are common in advanced disease, and both 
pneumothorax and pneumomediastinum have been reported [33, 34]. These findings 
are not specific and can be seen in other viral and bacterial respiratory diseases, but 
they are useful for guiding treatment. 
 
Treatment 
The mainstay of treatment is supportive care [35]. Antibiotics are ineffective. Several 
antiviral agents, including ribavirin, have been tried, but the efficacy of these drugs 
has not been established [3, 12, 36-39]. In the retrospective series of 144 cases from 
Toronto, there was a trend toward a worse outcome in patients who had received 
ribavirin [4]. Most reported treatment regimens have also included corticosteroids, 
but there is no evidence of their efficacy. 
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Prevention 
The severity of SARS and its rapid spread highlighted the need for swift and drastic 
preventive methods. To a great extent, we may consider the large-scale response to 
the H1N1 influenza pandemic to be reflective of lessons learned from the SARS 
pandemic. 
 
The WHO issued its first ever travel advisory against nonessential travel to 
Guangdong Province, China, and Hong Kong in April of 2003—a decision that was 
quickly supported by the CDC, who even broadened the restricted area and cautioned 
travelers to Toronto to avoid hospitals or other places in which SARS was likely to 
be transmitted. The CDC also advised travelers to carry materials for personal 
protection, such as surgical masks or alcohol-based hand rubs [20, 21]. By late June 
and early July 2003, the number of SARS cases worldwide had decreased through 
voluntary quarantines and strict infection control measures, and the WHO began 
lifting its travel advisories. 
 
For any future outbreaks of SARS or similar respiratory illness, it will be imperative 
to isolate hospitalized patients in negative pressure rooms, which draw air in (rather 
than letting it out) when opened, helping to control contagion. Since the past 
outbreak was spread by HCWs, infection control measures, such as droplet 
precautions, are of particular importance [4, 20, 21]. HCWs and visitors should wear 
surgical masks to prevent airborne and droplet acquisition; these can be discarded 
into the nonregulated waste stream if they do not have blood or bodily fluids on them 
[4, 20-21]. Furthermore, HCWs should be barred from work if they develop fever or 
respiratory symptoms within 10 days of exposure to SARS [20, 21] and should 
remain on sick leave for a full 10 days after fever and respiratory symptoms have 
resolved. However, HCWs are not advised to remain home during the 10-day 
incubation period for SARS if they have no symptoms. 
 
For individuals with suspected SARS, the most important element of community 
infection control, according to the CDC, is to remain at home for a full 10 days after 
fever and symptoms resolve [21]. Meanwhile, household contacts of the patient 
should practice strict hand washing and use gloves for contact with bodily fluids [20, 
21], utensils and bedding should not be shared without proper washing, and surgical 
masks should be considered for close contact between SARS patients and uninfected 
contacts. Like HCWs’ contacts, those of SARS patients may leave the home as long 
as they are asymptomatic. 
 
Conclusion 
Health care institutions worldwide face a major challenge should SARS re-emerge, 
the risk of which is heightened by its similarities to other coronavirus strains of 
animal origin and the fact that it persists within animal reservoirs. They will have to 
confront emergency department overcrowding, increased sick call amongst staff, 
strict implementation of infection control measures, and the need to rapidly educate 
the general public to avoid a worldwide panic. History has shown us that coordinated 
leadership, improved communication among health care organizations, investment in 
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preventive measures infrastructure, and modification of critical care services are 
essential to mitigating the effects of future outbreak [40]. 
 
References 
1. Christian MD, Poutanen SM, Loutfy MR, Muller MP, Low DE. Severe acute 

respiratory syndrome. Clin Infect Dis. 2004;38(10):1420-1427. 
2. Peiris JS, Guan Y, Yuen KY. Severe acute respiratory syndrome. Nat Med. 

2004;10(12 Suppl):S88. 
3. Booth CM, Matukas LM, Tomlinson GA, et al. Clinical features and short-term 

outcomes of 144 patients with SARS in the greater Toronto area. JAMA. 
2003;289(21):2801-2809. 

4. Cleri DJ, Ricketti AJ, Vernaleo JR. Severe acute respiratory syndrome (SARS). 
Infect Dis Clin N Am. 2010;24(1):175-202. 

5. Tsang KW, Ho PL, Ooi GC, et al. A cluster of cases of severe acute respiratory 
syndrome in Hong Kong. N Engl J Med. 2003;348(20):1977-1985. 

6. Jiang S, He Y, Liu S. SARS vaccine development. Emerg Infect Dis. 
2005;11(7):1016-1020. 

7. US Centers for Disease Control and Prevention. Preliminary clinical description 
of severe acute respiratory syndrome. MMWR Morb Mortal Wkly Rep. 
2003;52(12):255-256. 

8. Lau SK, Woo PC, Li KS, et al. Severe acute respiratory syndrome coronavirus-
like virus in Chinese horseshoe bats. Proc Natl Acad Sci USA. 
2005;102(39):14040-14045. 

9. Li W, Shi Z, Yu M, et al. Bats are natural reservoirs of SARS-like coronaviruses. 
Science. 2005;310(5748):676-679. 

10. Wang LF, Shi Z, Zhang S, Field H, Daszak P, Eaton BT. Review of bats and 
SARS. Emerg Infect Dis. 2006;12(12):1834-1840. 

11. Halpin K, Hyatt AD, Plowright RK, et al. Emerging viruses: coming in on a 
wrinkled wing and a prayer. Clin Infect Dis. 2007;44(5):711-717. 

12. Poutanen SM, Low DE, Henry B, et al. Identification of severe acute respiratory 
syndrome in Canada. N Engl J Med. 2003;348(20):1995-2005. 

13. Donnelly CA, Fisher MC, Fraser C, et al. Epidemiological and genetic analysis 
of severe acute respiratory syndrome. Lancet Infect Dis. 2004;4(11):672-683. 

14. Leung GM, Hedley AJ, Ho LM, et al. The epidemiology of severe acute 
respiratory syndrome in the 2003 Hong Kong epidemic: an analysis of all 1755 
patients. Ann Intern Med. 2004;141(9):662-673. 

15. Yu IT, Li Y, Wong TW, et al. Evidence of airborne transmission of the severe 
acute respiratory syndrome virus. N Engl J Med. 2004;350(17):1731-1739. 

16. Booth TF, Kournikakis B, Bastien N, et al. Detection of airborne Severe Acute 
Respiratory Syndrome (SARS) coronavirus and environmental contamination in 
SARS outbreak units. J Infect Dis. 2005;191(9):1472-1477. 

17. Dowell SF, Simmerman JM, Erdman DD, et al. Severe acute respiratory 
syndrome coronavirus on hospital surfaces. Clin Infect Dis. 2004;39(5):652-657. 

18. Liu W, Tang F, Fontanet A, et al. Long-term SARS coronavirus excretion from 
patient cohort, China. Emerg Infect Dis. 2004;10(10):1841-1843. 

 www.virtualmentor.org Virtual Mentor, September 2010—Vol 12 723



19. Louie L, Simor AE, Chong S, et al. Detection of SARS coronavirus (SARS-
CoV) from stool specimens using commercially available real-time reverse 
transcriptase PCR assays. J Clin Microbiol. 2006;44(11):4193-4196. 

20. World Health Organization. WHO guidelines for the global surveillance of 
severe acute respiratory syndrome (SARS): updated recommendations, October 
2004. 
http://www.who.int/entity/csr/resources/publications/WHO_CDS_CSR_ARO_20
04_1.pdf. Accessed June 16, 2010. 

21. US Centers for Disease Control and Prevention. Public Health Guidance for 
Community-Level Preparedness and Response to Severe Acute Respiratory 
Syndrome (SARS). http://www.cdc.gov/ncidod/sars/guidance. Accessed August 
19, 2010. 

22. US Centers for Disease Control and Prevention. Revised U.S. surveillance case 
definition for severe acute respiratory syndrome (SARS) and update on SARS 
cases—United States and worldwide, December 2003. MMWR Morb Mortal 
Wkly Rep. 2003;52(49):1202-1206. 

23. Lee N, Hui D, Wu A, et al. A major outbreak of severe acute respiratory 
syndrome in Hong Kong. N Engl J Med. 2003;348(20):1986-1994. 

24. Wong RS, Wu A, To KF, et al. Haematological manifestations in patients with 
severe acute respiratory syndrome: retrospective analysis. BMJ. 
2003;326(7403):1358-1362. 

25. Chiang CH, Shih JF, Su WJ, Perng RP. Eight-month prospective study of 14 
patients with hospital-acquired severe acute respiratory syndrome. Mayo Clin 
Proc. 2004;79(11):1372-1379. 

26. Peiris JS, Chu CM, Cheng VC, et al. Clinical progression and viral load in a 
community outbreak of coronavirus-associated SARS pneumonia: a prospective 
study. Lancet. 2003;361(9371):1767-1772. 

27. US Centers for Disease Control and Prevention. Update: outbreak of severe acute 
respiratory syndrome—worldwide, 2003. MMWR Morb Mortal Wkly Rep. 
2003;52(13):269-272. 

28. Nicolaou S, Al-Nakshabandi NA, Muller NL. SARS: imaging of severe acute 
respiratory syndrome. AJR Am J Roentgenol. 2003;180(5):1247-1249. 

29. Bitar R, Weiser WJ, Avendano M, Derkach PE, Low DE, Muradali D. Chest 
radiographic manifestations of severe acute respiratory syndrome in health care 
workers: the Toronto experience. AJR Am J Roentgenol. 2004;182(1):45-48. 

30. Muller NL, Ooi GC, Khong PL, Nicolaou S. Severe Acute Respiratory 
Syndrome: radiographic and CT findings. AJR Am J Roentgenol. 2003;181(1):3-
8. 

31. Hui JY, Cho DH, Yang MK, et al. Severe acute respiratory syndrome: spectrum 
of high-resolution CT findings and temporal progression of the disease. AJR Am 
J Roentgenol. 2003;181(6):1525-1538. 

32. Muller NL, Ooi GC, Khong PL, Zhou LJ, Tsang KW, Nicolau S. High-resolution 
CT findings of severe acute respiratory syndrome at presentation and after 
admission. AJR Am J Roentgenol. 2004;182(1):39-44. 

33. Sihoe AD, Wong RH, Lee AT, et al. Severe acute respiratory syndrome 
complicated by spontaneous pneumothorax. Chest. 2004;125(6):2345-2351. 

 Virtual Mentor, September 2010—Vol 12 www.virtualmentor.org 724 



34. Chu CM, Leung YY, Hui JY, et al. Spontaneous pneumomediastinum in patients 
with severe acute respiratory syndrome. Eur Respir J. 2004;23(6):802-804. 

35. Stockman, LJ Bellamy R, Garner P. SARS: systematic review of treatment 
effects. PLoS Med. 2006;3(9):e343. 

36. Peiris J, Lai S, Poon L, Guan Y. Coronavirus as a possible cause of severe acute 
respiratory syndrome. Lancet. 2003;361(9366):1319-1325. 

37. Ho JC, Ooi GC, Mok TY, et al. High-dose pulse versus nonpulse corticosteroid 
regimens in severe acute respiratory syndrome. Am J Respir Crit Care Med. 
2003;168(12):1449-1456. 

38. Stroher U, DiCaro A, Li Y, et al. Severe acute respiratory syndrome-related 
coronavirus is inhibited by interferon-alpha. J Infect Dis. 2004;189(7):1164-
1167. 

39. Groneberg DA, Poutanen SM, Low DE, Lode H, Welte T, Zabel P. Treatment 
and vaccines for severe acute respiratory syndrome. Lancet Infect Dis. 
2005;5(3):147-155. 

40. Chen YC, Chang SC, Tsai KS, Lin FY. Certainties and uncertainties facing 
emerging respiratory infectious diseases: lessons from SARS. J Formos Med 
Assoc. 2008;107(6):432-442. 

 
Adriel Malave, MD, is a senior pulmonary, critical care, and sleep medicine fellow at 
the University of South Florida in Tampa. His research interests include clinical 
pulmonary involvement in patients with spinal cord injury and amyotrophic lateral 
sclerosis. 
 
Elamin M. Elamin, MD, is an associate professor of medicine in the Division of 
Pulmonary, Critical Care and Sleep Medicine at the University of South Florida in 
Tampa and medical director of neurorespiratory critical care at the James A. Haley 
Veterans Hospital, also in Tampa. His research interests include clinical and 
translational research related to sepsis, acute respiratory distress syndrome, and ICU 
sedation. 
 
Related in VM 
The Patient-Physician Relationship in Quarantine, September 2010 
 
SARS Revisited, April 2006 
 
 
The viewpoints expressed on this site are those of the authors and do not necessarily 
reflect the views and policies of the AMA. 
 
 
Copyright 2010 American Medical Association. All rights reserved. 
 
 

 www.virtualmentor.org Virtual Mentor, September 2010—Vol 12 725

http://virtualmentor.ama-assn.org/2010/09/ccas3-1009.html
http://virtualmentor.ama-assn.org/2006/04/jdsc1-0604.html

