
In response to the emergence of severe acute respira-
tory syndrome (SARS), the United States established
national surveillance using a sensitive case definition incor-
porating clinical, epidemiologic, and laboratory criteria. Of
1,460 unexplained respiratory illnesses reported by state
and local health departments to the Centers for Disease
Control and Prevention from March 17 to July 30, 2003, a
total of 398 (27%) met clinical and epidemiologic SARS
case criteria. Of these, 72 (18%) were probable cases with
radiographic evidence of pneumonia. Eight (2%) were lab-
oratory-confirmed SARS-coronavirus (SARS-CoV) infec-
tions, 206 (52%) were SARS-CoV negative, and 184 (46%)
had undetermined SARS-CoV status because of missing
convalescent-phase serum specimens. Thirty-one percent
(124/398) of case-patients were hospitalized; none died.
Travel was the most common epidemiologic link (329/398,
83%), and mainland China was the affected area most
commonly visited. One case of possible household trans-
mission was reported, and no laboratory-confirmed infec-
tions occurred among healthcare workers. Successes and
limitations of this emergency surveillance can guide prepa-
rations for future outbreaks of SARS or respiratory dis-
eases of unknown etiology.

The emergence of severe acute respiratory syndrome
(SARS) presented a challenge to public health and

healthcare delivery systems worldwide. The previously
unknown respiratory syndrome was characterized by non-
specific clinical symptoms, was highly transmissible in
some circumstances, did not respond to antimicrobial ther-
apy, and could rapidly progress to severe respiratory dis-

tress and death. SARS appears to have originated in
Guangdong Province, China; however, the global impor-
tance of this illness was not recognized initially by local
health authorities. When the World Health Organization
(WHO) issued a historic global alert about cases of severe
atypical pneumonia on March 12, 2003, the outbreak had
spread through international travel from Guangdong
Province to at least Hong Kong and Hanoi, Vietnam. There
was an urgent global need for diagnosis of the etiologic
agent, detection and containment of probable cases, guid-
ance on the healthcare management of patients and poten-
tially exposed persons, identification of measures to pre-
vent and control infections, and timely public health com-
munications to a wide range of audiences.

On March 14, 2003, the U.S. Centers for Disease
Control and Prevention (CDC) launched an emergency
public health response and established national surveil-
lance for SARS to identify case-patients in the United
States and determine if domestic transmission was occur-
ring. We describe the surveillance system established to
detect SARS in the United States, focusing on its design,
challenges, and modifications that occurred as the out-
break evolved, and characteristics of the case-patients
identified. Such information is critical for preparing for
possible future outbreaks of SARS or other emerging
microbial threats with nonspecific respiratory symptoms.

Methods

SARS Case Definition
CDC’s initial surveillance definition for a suspect case

of SARS (Table 1) was based on a definition first published
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by WHO (1). These definitions specified clinical criteria
and required a potential exposure to SARS (epidemiologic
link). WHO categorized all cases with x-ray or autopsy evi-
dence of pneumonia or respiratory distress as probable, and
all others meeting the case definition were classified as sus-
pect cases. CDC initially categorized all cases as suspect,
but on April 29, 2003, CDC adopted WHO’s suspect and
probable classifications (2). 

SARS-affected areas that constituted an epidemiologic
link changed throughout the outbreak, requiring continual
modification of the case definition. CDC considered an
area SARS-affected if evidence of documented or suspect-
ed community transmission existed. Regions were
removed from the list of SARS-affected areas when CDC-
issued travel alerts or advisories were discontinued, which
meant that the area had reported no new cases of SARS for
30 days.

On April 29, 2003, after a new coronavirus (SARS-
CoV) was identified as the etiologic agent of SARS (3–6),
the case definition was changed to incorporate criteria for
laboratory-confirmed illness (7). Laboratory criteria were
refined near the end of the outbreak, resulting in the final
case definition on July 18, 2003 (Tables 2 and 3); revision
of the requirements for a convalescent-phase serum speci-
men from 21 to 28 days after illness onset was not applied
retrospectively, consistent with the instructions accompa-
nying release of this case definition. This definition also
introduced an exclusion criterion for suspect or probable
case-patients confirmed negative for SARS-CoV infection.
In this analysis, we did not apply this exclusion criterion to
allow for a complete presentation of suspect and probable
cases captured and monitored by national surveillance.
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Table 1. Initial SARS case definition,  U.S. surveillance,  
March 17, 2003 
Clinical criteria 

Respiratory illness of unknown etiology with onset since February 1, 
2003, including: 

Measured temperature >38°C 
Findings of respiratory illnessb 

Epidemiologic link criteria 
Travel within 10 days of symptom onset to area with documented or 
suspected community transmission of SARSc 
OR 
Close contactd within 10 days of symptom onset with either a person 
with respiratory illness who had traveled to SARS area or a person 
suspected to have SARS 

aSARS, severe acute respiratory syndrome. 
bFor example, cough, shortness of breath, difficulty breathing, hypoxia, or 
radiographic findings of either pneumonia or acute respiratory distress syndrome; 
suspect cases with either radiographic evidence of pneumonia or respiratory 
distress syndrome or evidence of unexplained respiratory distress syndrome by 
autopsy are designated “probable” cases by the WHO case definition. 
cHong Kong Special Administrative Region and Guangdong Province, Peoples’ 
Republic of China; Hanoi, Vietnam; and Singapore. 
dHaving cared for, having lived with, or having had direct contact with respiratory 
secretions or body fluids of patient suspected to have SARS. 

 

Table 2. CDC SARS case definition, United States, as of July 31, 
2003a 
Case classificationb 

Probable case: meets the clinical criteria for severe respiratory 
illness of unknown etiology and epidemiologic criteria; laboratory 
criteria confirmed or undetermined 
Suspect case: meets the clinical criteria for moderate respiratory 
illness of unknown etiology and epidemiologic criteria; laboratory 
criteria confirmed or undetermined 

Clinical criteria 
Asymptomatic or mild respiratory illness 
Moderate respiratory illness: temperature >38°Cc and one or more 
clinical findings of respiratory illness (e.g., cough, shortness of 
breath, difficulty breathing, hypoxia) 
Severe respiratory illness: criteria for moderate respiratory illness 
with radiographic evidence of pneumonia, respiratory distress 
syndrome, or autopsy findings consistent with pneumonia or 
respiratory distress syndrome without an identifiable cause 

Epidemiologic link criteria 
Travel (including airport transit ) within 10 days of onset of 
symptoms to area with current or recently documented or suspected 
community transmission of SARS (Table 3) or close contactd within 
10 days of symptom onset with person known or suspected to have 
SARS 

Laboratory criteriae 
Confirmed: detection of antibody to SARS-CoV in a serum sample; 
detection of SARS-CoV RNA by RT-PCR confirmed by a second 
PCR assay by using a second aliquot of the specimen and a different 
set of PCR primers; or isolation of SARS-CoV 
Negative: absence of antibody to SARS-CoV in convalescent serum 
obtained >28 days after symptom onsetf 
Undetermined: laboratory testing not performed or incomplete 

Exclusion criteria 
Illness fully explained by alternative diagnosisg 
Convalescent-phase serum sample (obtained >28 days after 
symptom onset) negative for antibody to SARS-CoV. 
Case reported on basis of contact with index case subsequently 
excluded as SARS, provided other epidemiologic exposure criteria 
are not present 

aCDC, Centers for Disease Control and Prevention; SARS, severe acute respiratory 
syndrome; CoV, coronavirus; RT-PCR, reverse transcriptase–polymerase chain 
reaction. 
bAsymptomatic SARS-CoV infection or clinical manifestations other than respiratory 
illness might be identified as more is learned about SARS-CoV infection. 
cMeasured documented temperature of >38°C is preferred; however, clinical judgment 
should be used when evaluating patients for whom temperature of >38°C has not been 
documented. Factors that might be considered include patient self-report of fever, use of 
antipyretics, presence of immunocompromising conditions or therapies, lack of access 
to health care, or inability to obtain a measured temperature. Reporting authorities 
should consider these factors when classifying patients who do not strictly meet the 
clinical criteria for this case definition. 
dClose contact is defined as having cared for or lived with a person known to have 
SARS or having a high likelihood of direct contact with respiratory secretions or body 
fluids of a patient with SARS. Examples of close contact include kissing or embracing, 
sharing eating or drinking utensils, close conversation (<3 feet), physical examination, 
and any other direct physical contact. Close contact does not include activities such as 
walking near a person or sitting across a waiting room or office for a brief period. 
eAssays to diagnose SARS-CoV infection include enzyme-linked immunosorbent assay, 
indirect fluorescent-antibody assay, and RT-PCR assays of appropriately collected 
clinical specimens. Absence of SARS-CoV antibody from serum obtained <28 days 
after illness onset,f a negative PCR test, or a negative viral culture does not exclude 
SARS-CoV infection and is not considered a definitive laboratory result. In these 
instances, a convalescent-phase serum sample obtained >28 days after illness is needed 
to determine infection with SARS-CoV.f All SARS diagnostic assays are under 
evaluation. 
fDoes not apply to serum samples collected before July 11, 2003. Testing results from 
serum samples collected before July 11, 2003 and between 22 and 28 days after 
symptom onset are acceptable and will not require collection of additional sample     
>28 days after symptom onset. 
gFactors that may be considered in assigning alternate diagnoses include strength of 
epidemiologic exposure criteria for SARS, specificity of diagnostic test, and 
compatibility of clinical presentation and course of illness for alternative diagnosis. 



Inclusion Criteria
Case-patients were eligible for inclusion if they were

U.S. residents and were present in the United States during
some of their illness. Non-U.S. residents who became ill or
in whom SARS was diagnosed while they were in the
United States were monitored as patients of special inter-
est until April 30, 2003, after which they were included in
surveillance. U.S. citizens who were not present in the
United States for any period of their illness were not
included in surveillance.

National Surveillance for SARS
National surveillance began on March 17, 2003, 3 days

after CDC initiated its emergency response. The analysis
in this report covers the period March 17 through July 30,
2003, 3 weeks after WHO declared the global outbreak
over. Case definitions were distributed to state and local
health departments through CDC’s Epidemic Information
Exchange (Epi-X), a secure communications network for
public health professionals, and through CDC’s Health
Alert Network. Case definitions were also posted on a
CDC Web site dedicated to SARS. A case report form was
developed to collect demographic and clinical data as well
as information about epidemiologic links. This form was
also distributed through Epi-X and by electronic mailings
by the Council of State and Territorial Epidemiologists
(CSTE) to its membership. The case report form was mod-
ified as the outbreak evolved.

At the beginning of the outbreak, health departments
were requested to report to CDC all respiratory illnesses
that they thought should be evaluated for SARS. Although
the communication chain for reporting these illnesses to
health departments varied by state, all health departments
relied on passive reporting from clinicians rather than
actively seeking to identify potential cases. CDC hosted

weekly teleconferences with state and local health depart-
ments to address developing issues related to the domestic
surveillance and response. An Atlanta-based CDC team
received illness reports by telephone or fax. State and local
health department personnel collected data, completed
case report forms, and determined case status in consulta-
tion with CDC. When a patient met the case definition,
data about that person were added to a “line list,” which
was updated and analyzed daily. Hospitalized case-patients
were actively monitored to establish outcomes, as were
persons who had pending data that could alter case status.
Illnesses that failed to meet the case definition on subse-
quent investigation (e.g., patient’s travel history clarified)
were removed from the line list. The data collection system
at both the health departments and CDC was paper-based
rather than electronic or online. Epidemiologic data were
entered at CDC into an electronic database that was
merged with laboratory data.

Laboratory Confirmation of SARS Infection
State and local health departments were asked to collect

acute- and convalescent-phase serum and stool specimens
and nasopharyngeal or oropharyngeal swab samples from
all case-patients. Before the cause of SARS was estab-
lished, specimens were tested for a wide array of bacterial
and viral pathogens at CDC. After SARS-CoV was discov-
ered, serum specimens were tested for SARS-CoV anti-
bodies, and respiratory and stool specimens were tested for
SARS-CoV by polymerase chain reaction (PCR) (4).
Diagnostic testing was initially centralized at CDC. Later,
reagents for SARS-CoV antibody and nucleic acid testing
were made available to state public health laboratories and
the Laboratory Response Network (8). To meet U.S. Food
and Drug Administration requirements for the use of non-
licensed tests in these laboratories, CDC developed
informed-consent documents and informational materials
that clinicians used when collecting specimens for SARS-
CoV testing from their patients. Case-patients were classi-
fied as confirmed, negative, or undetermined for SARS-
CoV infection (Tables 2 and 3). On July 18, 2003, the
21-day period required for convalescent-phase specimens
was extended to 28 days for newly identified cases on the
basis of evidence that seroconversion sometimes occurred
after day 21 (9). 

Laboratory Testing for Other Respiratory Pathogens
During the course of the outbreak, testing for alternative

causes that could fully explain patient illness was ordered
at the discretion of local clinicians, and SARS was often
excluded on the basis of local interpretations of test results.
Many of these illnesses were never reported to CDC.
Diagnostic testing for alternative agents was performed at
CDC early in the outbreak. In addition, evaluation of acute
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Table 3. Travel criteria for persons with suspect or probable 
SARS, United Statesa 

Area 

First date of illness  
onset for inclusion as 

reported caseb 

Last date of illness  
onset for inclusion as 

reported casec 
China (Mainland)  November 1, 2002 July 13, 2003 
Hong Kong February 1, 2003 July 11, 2003 
Hanoi, Vietnam February 1, 2003 May 25, 2003 
Singapore February 1, 2003 June 14, 2003 
Toronto, Canada April 1, 2003 July 18, 2003 
Taiwan May 1, 2003 July 25, 2003 
Beijing, China November 1, 2002 July 21, 2003 
aSARS, severe acute respiratory syndrome. 
bThe World Health Organization has specified that the surveillance period for 
China should begin on November 1; the first recognized cases in Hong Kong, 
Singapore, and Hanoi (Vietnam) had onset in February 2003. The date for 
Toronto is linked to laboratory-confirmed case of SARS in a U.S. resident who 
had traveled to Toronto; the date for Taiwan is linked to the Centers for Disease 
Control and Prevention (CDC) travel recommendations. 
cThe last date for illness onset is 10 days (i.e., one incubation period) after 
removal of a CDC travel alert. The case-patient’s travel should have occurred on 
or before the last date the travel alert was in place. 



respiratory specimens and paired serum specimens from
suspect and probable case-patients for evidence of the fol-
lowing respiratory pathogens was completed after the out-
break was over: Mycoplasma pneumoniae, Streptococcus
pneumoniae, Chlamydia pneumoniae, C. psittaci, Legion-
ella pneumophila, influenza viruses types A and B, respira-
tory syncytial virus, parainfluenza viruses types 1, 2, and 3,
human metapneumovirus (HMPV), and adenovirus. M.
pneumoniae immunoglobulin (Ig) G and IgM antibodies
were measured by using the REMEL Mycoplasma pneu-
moniae IgG/IgM Antibody Test System (REMEL Inc.,
Lenexa, KS). S. pneumoniae IgG antibodies to pneumo-
coccal surface adhesin A protein (PsaA) were measured by
using a PsaA-ELISA (enzyme-linked immunosorbent
assay) as previously described (10). A rise in IgG antibody
titers of twofold or more between acute- and convalescent-
phase serum pairs was considered positive for a pneumo-
coccal exposure or event. Chlamydia IgG and IgM anti-
bodies were measured by using a microimmunofluorescent
antibody assay (Focus Technologies, Cypress, CA).
L. pneumophila antibodies were measured by using an
indirect immunofluorescent antibody assay (11). Specific
IgG antibodies to the respiratory viruses (excluding
influenza) were measured by using an indirect enzyme
immunoassay panel, following procedures previously
described for HMPV (12). A rise in IgG antibody titers of
fourfold or greater between acute- and convalescent-phase
serum pairs was considered positive for recent virus infec-
tion. Serologic analysis for influenza was performed by
hemagglutination-inhibition assay. All serum specimens
were treated with receptor-destroying enzyme to remove
nonspecific inhibitors before testing (13).

Specimens from some or all of the following sources
were tested by PCR for evidence of bacterial or viral infec-
tion: bronchoalveolar fluid, sputum, tracheal aspirates,
nasal washings, and nasal, nasopharyngeal, and oropha-
ryngeal swab samples. All the bacterial methods used
have been described previously (11,14–16) except the
L. pneumophila real-time PCR assay (Online Appendix).

Total nucleic acid was extracted from 100 µL of speci-
men by using the QIAamp Virus BioRobot MDx kit (QIA-
GEN Inc., Valencia, CA). Reverse transcriptase (RT)–PCR
assays for influenza A and B viruses; respiratory syncytial
virus; human parainfluenza viruses 1, 2, and 3 (17); and
HMPV (12) were performed as previously described. RT-
PCR assays for adenovirus and picornavirus (inclusive of
rhinovirus and enterovirus) were performed by using these
same amplification conditions with primer pairs to the con-
served regions of the hexon gene and the 5′-untranslated
region: adenovirus [(+) 5′-CCC(AC)TT(CT)AACCAC-
CACCG-3′; (-) 5′-ACATCCTT(GCT)C(GT) GAAGTTC-
CA-3′] and picornavirus [(+) 5′-GGCCCCTGAATG
(CT)GGCTAA-3′; (-) 5′-GAAACACGGACACCCAAA
GTA-3′]. All nucleic acid extracts were also tested by RT-
PCR for the GAPDH housekeeping gene to ensure RNA
integrity and absence of RT-PCR inhibitors.

Results
From March 17 to July 30, 2003, CDC received reports

of 1,460 respiratory illnesses under evaluation for SARS,
of which 398 (27%) met the case definition for suspect or
probable SARS before laboratory-based exclusion criteria
for SARS-CoV–negative status were applied (Figure 1).
Seventy-two (18%) of those meeting the case definition
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Figure 1. A) Number of U.S. severe acute respi-
ratory syndrome (SARS) cases reported to
Centers for Disease Control and Prevention
(CDC) by week of illness onset (N = 398a) and
B) number of unexplained respiratory illness
reports received by CDC by week of illness
report (N = 1,460), January–July 2003. (SARS-
CoV, severe acute respiratory syndrome–asso-
ciated coronavirus). 



had chest x-ray evidence of pneumonia and were classified
as probable case-patients. Eight case-patients (2%) were
confirmed to be positive for SARS-CoV, 206 (52%) were
confirmed to be negative for SARS-CoV by serologic test-
ing, and 184 (46%) had undetermined SARS-CoV status
because of the absence of convalescent-phase serum sam-
ples. Cases were reported from 41 states and Puerto Rico,
with the highest case counts in California (74), New York
(51), and Washington (30); no cases were reported from 9
states or the District of Columbia (Figure 2).

Of the eight confirmed SARS-CoV–positive case-
patients, all had radiographic evidence of pneumonia and
six were identified in the first month of surveillance (Table
4). Five traveled to Hong Kong, two to Toronto, and one to
Singapore. Further case details have been presented else-
where (18–21). Among the eight confirmed SARS-
CoV–positive case-patients, seven had illnesses that were
associated solely with travel to an affected area. Although
the eighth case-patient traveled with her spouse (subse-
quently confirmed as a case-patient) to an affected area
(Hong Kong, where both stayed in a hotel in which intense
local transmission occurred [22]), the epidemiologic link
was classified as close contact because the onset of illness

occurred 13 days after the couple’s return to the United
States (18,20). 

The median age of all suspect and probable case-
patients was 39 years (range 3 months to 91 years), and
53% were male (Table 4). Almost one third (124/398,
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Figure 2. Number of suspect and probable cases of severe acute
respiratory syndrome (SARS) cases reported to Centers for
Disease Control and Prevention March 17–July 30, 2003, by state
of residence (N = 398). (SARS-CoV, severe acute respiratory syn-
drome–associated coronavirus).

Table 4. Characteristics of SARS case-patients, U.S. SARS surveillance, March 17–July 18, 2003a 
Overall SARS-CoV positive SARS-CoV negative SARS-CoV undetermined 

Characteristic 
Probable, % 

(n = 72) 
Suspect, % 
(n = 326) 

Probable, % 
(n = 8) 

Probable, % 
(n = 39) 

Suspect, % 
(n = 167) 

Probable, % 
(n = 25) 

Suspect, % 
(n = 159) 

Age (years)        
   0–4 15 14 0 15 10 20 19 
   5–9 4 4 0 3 5 8 4 
   10–17 3 2 0 5 2 0 0 
   18–64 58 73 100 54 76 52 70 
   >65 20 7 0 23 7 20 7 
Sex        
   Female 44 47 50 41 50 48 45 
   Male 56 53 50 59 50 52 55 
Race        
   White 47 58 37 54 62 40 53 
   Black 1 2 0 0 2 4 1 
   Asian 40 33 63 36 28 40 38 
   Other 2 0 0 2 0 0 2 
   Unknown 10 7 0 8 8 16 6 
Exposure        
  Travel 83 81 88 87 82 84 81 
  Close contact 14 16 12b 13 17 8 14 
  Health care worker 0 1 0 0 0 0 1 
  Unknown 3 2 0 0 1 8 4 
Hospitalized        
   Yes 61 25 88 59 26 56 23 
   No 39 75 12 41 73 44 75 
   Unknown 0 1 0 0 1 0 2 
Mechanically ventilated        
   Yes 3 1 12 0 1 4 1 
   No  89 93 88 97 95 80 91 
   Unknown 8 6 0 3 4 16 8 
aSARS-CoV, severe acute respiratory syndrome–associated coronavirus. 
bThis case-patient also traveled to Hong Kong and stayed at Hotel M; however, onset of illness was 13 days after returning to the United States. 



31%) of the patients were hospitalized. The median length
of hospitalization for the 90 persons with adequate hospi-
talization duration data was 3 days (range 1–14). Twenty-
one percent of hospitalized patients (19/91 patients with
data on intensive care unit admissions) were admitted to an
intensive care unit; only 2 of the 8 SARS-CoV–positive
case-patients were admitted to intensive care units. Among
all 398 suspect and probable case-patients, 4 (1%) required
mechanical ventilation, one of whom was SARS-CoV pos-
itive (Table 4). No deaths were reported. 

Travel to an affected area was the most commonly
reported epidemiologic link (83% of cases). Mainland
China was the most frequent destination (39% of travelers),
followed by Hong Kong (38%), and Toronto (18%); 22% of
case-patients traveled to more than one affected area. The
frequency of travel to China, Hong Kong, and Toronto
among SARS case-patients is shown by date of illness
onset in Figure 3; the periods during which these areas were
considered SARS-affected for surveillance purposes are
also shown.

No healthcare workers with suspect or probable SARS
(n = 31) were confirmed to be SARS-CoV positive; 17
(55%) were confirmed SARS-CoV negative, and the
remainder had undetermined SARS-CoV status. The only
possible case of recognized secondary transmission was
between the married couple described above.

Number of Illnesses Reported and 
Completeness of Surveillance Data

The number of illnesses reported was highest during the
first 6 weeks of surveillance and varied over the course of
the outbreak (Figure 1). Among suspect and probable

cases, the completeness of critical surveillance variables
related to case definition and severity of illness was as fol-
lows: date of symptom onset, 98%; radiologic chest imag-
ing for pneumonia, 80%; hospitalization status, 99%; hos-
pital discharge date for admitted case-patients, 73%; and
healthcare worker as occupation, 94%. Although collec-
tion of convalescent-phase sera was essential for assessing
infection with SARS-CoV, samples needed for definitive
laboratory determination of case status were not obtained
from 46% of patients (probable case-patients: 35%; sus-
pect case-patients: 49%; chi-square = 4.68; p = 0.03).

Surveillance System Sensitivity and Predictive Value
Sensitivity refers to the proportion of SARS-CoV

cases in the population that were detected by the surveil-
lance system (23). Because SARS-CoV confirmatory lab-
oratory testing was performed only on patients identified
by the surveillance system, we cannot evaluate sensitivity
for the system overall. If we limit analysis to the popula-
tion of suspect and probable cases with definitive labora-
tory results (N = 214), we can evaluate the sensitivity
of the probable case definition; all the confirmed SARS-
CoV–positive patients (N = 8) had been classified
as probable cases, leading to a sensitivity of 100%. The
predictive value positive refers to the proportion of report-
ed cases that actually have the health-related event under
surveillance (SARS-CoV infection). The predictive
value positive among cases with definitive laboratory
results was 4% (8/214). The predictive value positive
among the 47 probable cases with definitive laboratory
results was 17%.
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Figure 3. Number of suspect and proba-
ble cases reporting travel within the past
10 days to mainland China, Hong Kong,
and Toronto, by date of illness onset (N =
307). Lines between solid circles denote
periods during which onset of illness
within 10 days of travel to the area ful-
filled epidemiologic criteria for inclusion
as a case of severe acute respiratory
syndrome (SARS). Arrows denote the
date on which an area was added to the
U.S. surveillance case definition as
SARS-affected.



Flexibility and Timeliness of Surveillance
The United States was one of many countries reporting

SARS cases to WHO, which established international case
definitions and reporting standards. Although flexibility
was limited by the need to maintain harmonized interna-
tional surveillance, U.S. surveillance remained flexible
enough to incorporate frequent modifications rapidly. For
example, when mainland China was added to the list of
SARS-affected areas, within hours, case-patients who trav-
eled to provinces other than Guangdong were added to the
line list, and travel to mainland China quickly became the
most common travel exposure (Figure 3).

The median time between symptom onset and reporting
suspect or probable cases to CDC decreased during the
first 12 weeks of national surveillance from 8 to 3 days.
After week 12, the median time to national reporting
increased to a median of 15 days, with 40% (30/76) of
cases reported >50 days after illness onset. Data on date
illness was reported to local and state health departments
were not collected.

Evaluation of Alternative Respiratory Pathogens
Among the 201 suspect and probable case-patients for

whom serologic or PCR testing was performed at CDC, 95
(47%) demonstrated evidence of at least one alternative
respiratory infection. Among specimens tested, picor-
navirus (enterovirus/rhinovirus) was the most common
pathogen identified (29 of 114, 25%), followed by human

influenza A or B virus (25/166 [15%]) and M. pneumoniae
(22/200, 11%; Table 5). Patients with probable and suspect
cases of SARS were equally likely to have an alternate
cause identified (46% each). SARS-CoV–negative case-
patients and those with unknown SARS-CoV status were
also equally likely to have an alternate cause identified
(45% and 49%, respectively). Adequate specimens were
available for only two of the eight SARS-CoV–positive
case-patients, one of whom also showed a fourfold or
greater rise in antibodies to influenza B. 

Discussion
During the U.S. emergency public health response to

SARS, >1,000 unexplained respiratory illnesses were
reported by state and local health departments to CDC.
Countless additional illnesses were investigated and rapidly
ruled out for SARS by state and local health departments.
Despite the large surveillance burden, discovery of the etio-
logic agent for SARS and development of effective diagnos-
tic tests showed that the United States experienced limited
SARS activity during the global outbreak, similar to much
of Europe, Africa, Australia, and South America. There was
no evidence of community transmission in the United States
even though SARS-affected countries were common travel
destinations for U.S. residents. Investigation of close con-
tacts of the eight U.S. SARS-CoV–infected patients yielded
one instance of secondary domestic transmission, although
travel-related exposure cannot be definitively excluded for
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Table 5. Results of diagnostic testing for other infectious respiratory pathogens, U.S. SARS surveillance, March–July, 2003  

SARS-CoV 
status 

Mycoplasma 
pneumoniae 

Streptococcus 
pneumoniae 

Chlamydia 
pneumoniaed 

Legionella 
pneumophila HMPV 

Influenza 
A or B 

Para-
influenza 
1, 2, or 3 

 
RSV Adenovirus Picornaviruse 

Positive            
Chest imaging 
resultsf positive 

0/2 
(0%) 

0/1 
(0%) 

0/2 
(0%) 

0/2 
(0%) 

0/1 
(0%) 

1/1 
(100%) 

0/1 
(0%) 

0/1 
(0%) 

0/1 
(0%) -- 

Negative           
Chest imaging 
results positive 

3/24 
(13%) 

0/16 
(0%) 

0/24 
(0%) 

0/24 
(0%) 

2/22 
(9%) 

0/21 
(0%) 

1/22 
(5%) 

0/22 
(0%) 

0/22 
(0%) 

3/10 
(30%) 

Chest imaging 
results negative 

11/99 
(11%) 

5/71 
(7%) 

2/95 
(2%) 

0/96 
(0%) 

8/90 
(9%) 

16/84 
(19%) 

5/90 
(6%) 

2/90 
(2%) 

5/90 
(6%) 

12/45 
(27%) 

Undetermined           
Chest imaging 
results positive 

3/14 
(21%) 

1/1 
(100%) 

0/15 
(0%) 

0/14 
(0%) 

1/13 
(8%) 

1/13 
(8%) 

2/13 
(15%) 

0/13 
(0%) 

1/13 
(8%) 

4/13 
(31%) 

Chest imaging 
results negative 

5/61 
(8%) 

0/1 
(0%) 

0/61 
(0%) 

0/60 
(0%) 

1/47 
(2%) 

7/47 
(15%) 

4/47 
(9%) 

1/47 
(2%) 

3/47 
(6%) 

10/46 
(22%) 

Totals 
 

22/200 
(11%) 

6/90 
(7%) 

2/197 
(1%) 

0/196 
(0%) 

12/172 
(7%) 

25/166 
(15%) 

12/172 
(7%) 

3/172 
(2%) 

9/172 
(5%) 

29/114 
(25%) 

aSARS, severe acute respiratory syndrome; CoV, coronavirus; HMPV, human metapneumovirus; RSV, respiratory syncytial virus; PCR, polymerase chain reaction. 
bDenominators for results of tests vary as specimens of appropriate type and of adequate amount necessary for PCR and serologic testing were obtained only for a subset 
of case-patients. Positive results shown are those persons for whom evidence of acute infection was demonstrated by serologic and/or PCR testing on the specimens 
available for testing.  
cOnly one of the two SARS-CoV–positive case-patients had evidence of infection with another agent (influenza B). For 22 suspect and probable cases, more than one 
agent was identified. Combinations included: HMPV, Influenza B (FluB) + S. pneumoniae (N = 1); Mycoplasma, picornavirus + S. pneumoniae (N = 1); Mycoplasma + 
FluA (N = 5); HMPV + parainfluenza virus (HPIV) (N = 1); C. pneumoniae, adenovirus + FluB (N = 1); Mycoplasma + picornavirus (N = 3); adenovirus + picornavirus 
(N = 1); Mycoplasma + HPIV (N = 1); HPIV + picornavirus (N = 1); FluB + picornavirus (N = 1); adenovirus + HMPV (N = 1); HPIV + picornavirus (N = 1); HMPV + 
picornavirus (N = 1); Mycoplasma + picornavirus (N = 1); S. pneumoniae + picornavirus (N = 1); S. pneumoniae + HMPV (N = 1). 
dAll specimens tested for serologic or PCR evidence of C. pnuemoniae were also tested for evidence of C. psittaci; no acute C. psittaci infections were diagnosed. 
eInclusive of rhinovirus and enterovirus. 
fPlain film x-ray, computed tomographic scan, etc. 



this case (18,20), and the source of exposure is considered
undetermined by WHO. In addition, no healthcare workers
identified by national surveillance had laboratory evidence
of SARS infection, despite evidence of unprotected expo-
sures to confirmed case-patients (24). While effective sur-
veillance and timely infection-control measures likely
helped limit transmission, why the United States experi-
enced few SARS-CoV infections despite opportunities for
importation and spread remains unclear.

National surveillance during the emergency response
met important surveillance objectives. It identified illness
clusters for further investigation, tracked progression of
the epidemic in the United States, and facilitated specimen
collection from suspect and probable case-patients for
SARS diagnosis. This surveillance allowed for rapid and
frequent updates to the healthcare and public health com-
munities and to the public on the status of the outbreak. 

Despite these successes, the system had several impor-
tant limitations. Like all passive systems, it relied on astute
healthcare providers to detect and report illnesses that
might have been SARS. The lack of a rapid diagnostic test
that could reliably diagnose SARS-CoV infection during
the early phase of illness increased the workload and anx-
iety of clinicians, public health personnel, patients, their
contacts, and the general public. Frequent, labor-intensive
contact with healthcare providers was needed to obtain
updated clinical information for reported case-patients. As
a result, classification of patients as suspect and probable
case-patients was dynamic and often changed as new
information became available. This situation sometimes
created seeming discrepancies between national and state
and local health department case counts, which in turn
complicated public communication. The evolution of the
worldwide outbreak required frequent modifications of the
case definition, and establishing consistent criteria to
define a SARS-affected area on the basis of community
transmission was difficult. Finally, the paper-based report-
ing system increased the difficulty of reporting to CDC
and delayed timeliness of reports, and the resulting data-
base did not allow states immediate access to their own
information. 

The time between disease onset and reporting to CDC
increased in the latter phase of the outbreak. This increased
reporting lag may reflect the growing surveillance work-
load as the outbreak progressed, delays in reporting until
alternative diagnoses were evaluated, or a decreasing sense
of urgency fueled by low disease rates and low likelihood
of confirmed SARS among U.S. case-patients and lack of
evidence for community transmission. The value of
remaining vigilant throughout all stages of an outbreak
should not be underestimated. It was critical in the context
of this outbreak that infection-control measures be rapidly
implemented for all suspect and probable case-patients

since a single case in any area could quickly have a global
impact. Evidence from Toronto, Hong Kong, Hanoi,
Singapore, and Taiwan suggests that in some circum-
stances a single patient led to a large number of secondary
cases and chains of transmission (25,26). Moreover,
although most patients with SARS show radiographic evi-
dence of pneumonia, as was observed for all the confirmed
U.S. case-patients with SARS-CoV disease, in an outbreak
setting, heightened vigilance and infection-control meas-
ures should be maintained for suspect as well as probable
case-patients because of growing evidence that a small
proportion of patients may not exhibit evidence of pneu-
monia and because features of pneumonia often do not
develop until days 4–7 of illness (27,28). The timeliness of
infection-control measures implemented for U.S. case-
patients could not be assessed because relevant data were
not collected as part of national surveillance. 

The clinical signs and symptoms of SARS infections are
similar to that of other respiratory illnesses. Empiric man-
agement of patients with respiratory illness, limited state
and local capacity to perform reliable respiratory diagnos-
tics, and lack of national surveillance for respiratory syn-
dromes, such as pneumonia, complicated the challenge of
rapid identification of SARS patients. Comprehensive test-
ing for a variety of respiratory pathogens among patients
with suspect and probable cases found that 46% had evi-
dence of a possible infection with bacterial and viral respi-
ratory pathogens other than SARS-CoV. Our finding that
one case-patient with confirmed SARS-CoV also tested
positive for influenza B infection is consistent with accu-
mulating evidence that co-infections involving SARS-CoV
and other bacterial or viral respiratory pathogens occur
(29,30). This underscores the importance of obtaining con-
valescent-phase serum samples to make final determina-
tions about infection with SARS-CoV and of maintaining
infection-control measures despite identification of alterna-
tive agents. Moreover, in determining alternative diag-
noses, the strength of the epidemiologic exposure criteria
for SARS, the specificity of the diagnostic test, and the
compatibility of the clinical signs and symptoms and
course of illness for the alternative diagnosis should be
taken into account (Tables 2 and 3). Testing for respiratory
pathogens could not be completed until after the outbreak;
this precluded timely re-assessment of case-patients to
determine if an agent other then SARS-CoV was most like-
ly responsible for the clinical illness. To help facilitate
more timely diagnostic evaluation, CDC plans to develop
real-time PCR assays for important respiratory pathogens
for use by public health laboratories. Improving local
capacity for diagnosing respiratory illness should strength-
en national preparedness for respiratory illness threats. 

In June 2003, the Council of State and Territorial
Epidemiologists (CSTE) added respiratory illness due to
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SARS-CoV to the list of nationally reportable diseases.
CDC has adopted the case definitions detailed in the CSTE
position statement (31). This new definition, which was
updated again on October 30, 2003, will improve the pre-
dictive value positive of national surveillance by consider-
ing “reports under investigation” that require monitoring
and infection control as separate from cases of confirmed
SARS-CoV disease that will be reported to the national
system. The statement sets the stage for future SARS sur-
veillance. CDC has developed a SARS preparedness plan
for the United States that outlines in more detail recom-
mendations for surveillance (32); as part of preparedness
efforts, a Web-based surveillance module for SARS-CoV
disease reporting is now in place.

In the absence of recognized SARS cases, initial sur-
veillance will likely consist of sentinel case detection with
a focus on unexplained illnesses in healthcare workers and
travelers returning from areas that were affected by SARS
in the recent global outbreak. Because hospitals experi-
enced high rates of transmission in affected areas, infec-
tion-control teams may additionally institute passive or
active surveillance for pneumonia or fevers among staff
and patients, combined with diagnostic testing for SARS-
CoV. The intensity of surveillance efforts will need to be
tailored to the degree of local transmission within both the
community and healthcare facilities. Contact tracing
should rapidly identify possible early cases of secondary
SARS and any unrecognized sources of infection for per-
sons without epidemiologic links. 

Challenges remain, including how best to allocate lim-
ited public health resources for preparedness planning in
light of the world’s limited experience with SARS infec-
tions and how to synchronize national case definitions and
reporting requirements with the systems established by
international agencies, such as WHO. Although whether
SARS will become a recurring problem is unclear, lessons
learned while preparing for that eventuality will be impor-
tant for other global infectious disease outbreaks. 
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Appendix 

Legionella pneumophila Real-Time PCR Assay 

Primers and a fluorescent probe were based on the nucleotide sequences of the 5S 
RNA gene of Legionella pneumophila serogroup 1 for a genus-specific assay. Primers 
for the 5S gene target were as follows: 5´-GCG ACT ATA GCG ITI TGG AA-3´ 
(forward primer) and 5´-CGA TGA CCT ACT TTC ICA TGA-3´ (reverse primer). 
The probe sequence was 5´-Fam-TC ACA CTA TCA TIG GCG CGG AAA QSY7-
3´. They were designed by using ABI Primer Express software (Applied Biosystems, 
Foster City, CA). The fluorogenic probes were synthesized with a FAM (6-carboxy-
fluorescein) reporter molecule attached at the 5´ end and a QSY7 NHS ester quencher 
dye linked to a linker arm nucleotide phosphoramidite (Glen Research, Sterling, VA) 
close to the 3´ end. The probes were synthesized with a 3´ terminal phosphate group 
to prevent extension during PCR. Primers and probes were synthesized in the 
Biotechnology Core Facility at CDC by using model 394-8 DNA synthesizer and 
standard phosphoramidite chemistries (Applied Biosystems, Foster City, CA). 

Reactions were prepared in a 96-well MicroAmp optical plate (Applied Biosystems) 
for the 5S RNA assay by addition of a 5-μL aliquot of extracted DNA to 20 μL of a 
PCR master mixture consisting of 1X TaqMan 2X universal PCR master mix 
(Applied Biosystems), 300 nM each primer, and 100 nM fluorescent-labeled probe. 
Primers and probes were previously titrated to check for amplification efficiency. The 
amplification and detection were performed with an AB Prism 7700 Sequence 
Detection System (Applied Biosystems). The thermal cycle conditions were: 50°C for 
2 min, 95°C for 10 min, and 40 cycles of 95°C for 15 s, and 60°C for 1 min. Standard 
procedures for the operation of model 7700 were followed in this study, including the 
use of all default program settings with the exception of reaction volume, which was 
changed from 50 mL to 25 mL. Cycle threshold (CT) values, defined as the fraction of 
a cycle number at which the measured fluorescence generated by the released reporter 
molecule during cleavage exceeds a fixed threshold value above baseline, were 
automatically calculated by the instrument for each reaction. Target gene copy values 
were derived from a standard curve generated by plotting the CTvalues of a dilution 
curve that consisted of 10-fold serial dilutions ranging from 7.5 × 106 to 7.5  × 
100 copies. Each run contained at least four no-template controls to establish the 
baseline emission intensity of the quenched reporter dye. Negative controls (one for 
every five DNA extracted samples) were included. Specificity was determined by 
testing DNA extracted from other bacterial species that are commonly found in the 
human respiratory tract. Amplification plots were compared with the ones obtained by 
using only the serial dilutions of the L. pneumophila isolate as DNA templates. 

 


