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BACKGROUND: Severe acute respiratory syndrome (SARS)

caused the first epidemic of the 21st century and continues to threaten

the global community.

OBJECTIVE: To assess the incidence of coinfection in patients con-

firmed to have SARS-associated coronavirus (SARS-CoV) infection,

and thus, to determine the risk of ruling out SARS by ruling in

another diagnosis.

METHODS: The present report is a retrospective study evaluating

the incidence and impact of laboratory-confirmed SARS-CoV and

other pulmonary pathogens in 117 patients. These patients were

evaluated in a Toronto, Ontario, community hospital identified as

the epicentre for the second SARS outbreak.

RESULTS: Coinfection with other pulmonary pathogens occured in

patients with SARS. Seventy-three per cent of the patient population

evaluated had laboratory-confirmed SARS-CoV infection. Serology

showing acute or recent Chlamydophila pneumoniae or Mycoplasma

pneumoniae infection revealed an incidence of 30% and 9%, respec-

tively, in those with SARS. These rates are similar to previously pub-

lished studies on coinfection in pneumonia. All nucleic acid diagnostic

assays were negative for C pneumoniae and M pneumoniae in respira-

tory samples from patients with SARS having serological evidence

for these atypical pathogens.

CONCLUSIONS: Diagnostic assays for well-recognized pulmonary

pathogens have limitations, and ruling out SARS-CoV by ruling in

another pulmonary pathogen carries significant risk. Despite positive

serology for atypical pathogens, in a setting where clinical suspicion

for SARS is high, specific tests for SARS should be performed to con-

firm or exclude a diagnosis.
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Le risque d’écarter un diagnostic de syndrome
respiratoire aigu sévère en faveur d’un 
autre diagnostic : Incidence variable des 
co-infections bactériennes atypiques selon les
tests diagnostiques

HISTORIQUE : Le syndrome respiratoire aigu sévère (SRAS) a causé la

première épidémie du 21e siècle et continue de représenter une menace

globale pour l’être humain.

OBJECTIF : Mesurer l’incidence des co-infections chez les patients

avérés infectés par le coronavirus associé au SRAS (SRAS-coV) et déter-

miner ainsi s’il y a un risque à écarter un diagnostic de SRAS en faveur

d’un autre diagnostic.

MÉTHODES : Le présent rapport décrit une étude rétrospective qui visait

à évaluer l’incidence et l’impact du SRAS-coV et d’autres pathogènes pul-

monaires confirmés en laboratoire chez 117 patients. Ces patients ont été

examinés dans un hôpital communautaire de Toronto, en Ontario, identifié

comme l’épicentre de la seconde éclosion de SRAS.

RÉSULTATS : La co-infection par d’autres pathogènes pulmonaires a été

notée chez des patients victimes du SRAS. Soixante-treize pour cent de la

population de patient évalués présentaient une infection à SRAS-coV, analy-

ses de laboratoires à l’appui. Des épreuves sérologiques ont révélé la présence

d’infections aiguës ou récentes à Chlamydophila pneumoniæ ou à Mycoplasma

pneumoniæ, selon une incidence respective de 30 % et de 9 % chez les sujets

atteints de SRAS. Ces taux font écho aux résultats enregistrés lors d’études

publiées antérieurement sur la co-infection dans la pneumonie. Tous les tests

diagnostiques reposant sur l’amplification génique de l’acide nucléique se

sont révélés négatifs à l’égard de C pneumoniæ et de M pneumoniæ dans les

spécimens respiratoires provenant de patients atteints de SRAS, alors que les

épreuves sérologiques indiquaient la présence de ces pathogènes atypiques.

CONCLUSIONS : Les tests diagnostiques de dépistage des pathogènes res-

piratoires bien connus ont des limites et le fait d’écarter un diagnostic de

SRAS-coV en faveur d’un autre pathogène pulmonaire comporte un risque

important. Malgré les tests sérologiques positifs, dans un contexte clinique où

on soupçonne fort l’implication du SRAS, des tests spécifiques de dépistage

du SRAS doivent être effectués pour confirmer ou infirmer le diagnostic.

©2006 Pulsus Group Inc. All rights reserved

ORIGINAL ARTICLE

Severe acute respiratory syndrome (SARS) was initially
reported in southern China in November 2002 (1,2). It

received international attention after persons exposed to an ill
patient in a Hong Kong hotel travelled internationally and
subsequently infected other persons in early 2003 (3). One
such person returned to Toronto, Ontario, and infected several
others, triggering the first outbreak of SARS in Toronto (4). The

causative agent has since been identified as a novel coronavirus
(SARS-associated coronavirus [SARS-CoV]) (5-9). SARS is a
syndrome typically characterized by fever and respiratory symp-
toms with associated chest x-ray abnormalities, similar to infec-
tions caused by several other pulmonary pathogens (1,2,4).
Initial case definitions by the World Health Organization and
the United States Centers for Disease Control and Prevention
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(CDC) required the presence of fever, respiratory symptoms, an
epidemiological link and radiographic features (10,11). This
original CDC case definition added that the respiratory illness
was without known etiology (11). Currently, a rapid point-of-
care test is not available and SARS diagnostic tests continue
to evolve. Case definitions have since been updated to include
SARS-specific laboratory assays (10,11).

Throughout the first SARS epidemic in Toronto, when pri-
vate and negative-pressure rooms were few, identification of
other pulmonary microbial pathogens that helped to explain
symptoms was considered as grounds to exclude SARS. In fact,
patients were excluded from previously published SARS studies
if another microbial pathogen was identified to explain the
clinical presentation (12). Toronto experienced a second SARS
epidemic, with North York General Hospital (NYGH), a
Toronto community hospital, as the epicentre. Recognition of
this outbreak was delayed, in great part because of a lack of an
epidemiological link in ill patients and also because other more
common pathogens or respiratory conditions were considered
more likely for causing the patients’ symptoms. It is now
known that certain patients were coinfected with SARS-CoV
and other pulmonary pathogens.

Briefly, the literature on community-acquired pneumonia
(CAP) documents a dual pathogen infection incidence
between 3% and 40%, predominantly with pathogens causing
atypical pneumonia (13-15). These pneumonia studies diag-
nosed Chlamydophila pneumoniae and Mycoplasma pneumoniae
by serology. Noteworthy, a SARS study from Hong Kong that
used serological assays failed to detect atypical respiratory
pathogen coinfection (16). Nevertheless, before the SARS-CoV
was identified, initial reports from China documented
Chlamydophila-like particles in addition to coronavirus by elec-
tron microscopy of respiratory specimens obtained from autop-
sied SARS patients (17). Moreover, early efforts to identify the
SARS-causing pathogen identified a novel coronavirus, as well
as metapneumovirus (18). These findings raised the question
of whether coinfection of Chlamydophila or other pulmonary
pathogens in SARS-CoV-infected patients played a role in dis-
ease severity and mortality.

In patients presenting with fever and respiratory symptoms,
we report the incidence of pulmonary pathogens using available
diagnostic assays during a SARS epidemic. Among patients who
had laboratory-confirmed SARS-CoV infection, we also sought
to determine the incidence of coinfection with other pulmonary
pathogens and whether this was predictive of disease severity.

METHODS
After the SARS epidemic was identified in Toronto in early 2003,

a clinical protocol, drawn up by the NYGH infectious diseases

service, was instituted for physicians evaluating patients with fever

and respiratory symptoms (pharyngitis, cough, dyspnea and chest

discomfort) who may have been exposed to SARS-CoV. This

protocol was designed to systematically evaluate all patients for

common pulmonary pathogens using available laboratory diagnos-

tics as part of an effort to help exclude a SARS diagnosis and to

help focus treatment. The NYGH institutional review board

approved the present study.

The clinical protocol included the following for every patient:

• A thorough history, emphasizing epidemiological links, as

well as a physical examination and chest imaging (chest

x-ray and a computed tomography scan).

• Routine microbiological studies (Gram stain and/or

culture) of respiratory specimens, blood and urine. For

patients with risk factors, acid-fast bacilli staining and

cultures were performed.

• A respiratory infection specimen kit (RISK), designed at

NYGH, which included collection supplies and containers

for the following assays: SARS-CoV, C pneumoniae, 

M pneumoniae and influenza serology; polymerase chain

reaction (PCR) for detection of SARS-CoV in blood and

respiratory specimens (sputum, throat swabs, nasopharyngeal

swabs and bronchoalveolar lavage fluid if available), as

well as stool or rectal swabs; viral cultures of nasopharyngeal

swab specimens or bronchoalveolar lavage fluid; and urine

for Legionella species antigen detection.

• Routine serial hematology and biochemistry.

An off-site, shared hospital laboratory performed the routine

microbiological studies. The National Microbiology Laboratory

in Winnipeg, Manitoba, performed SARS serology and PCR tests.

The sensitivity and specificity of the different SARS diagnostic

assays, in addition to other parameters and limitations, are dis-

cussed elsewhere (19-21). The C pneumoniae serology (micro-

immunofluorescence assay), M pneumoniae serology (ELISA),

viral cultures, Legionella species urine antigen test and influenza

serology (complement fixation) were performed and interpreted

by the Central Public Health Laboratory (CPHL) in Toronto

(Ontario Ministry of Health and Long-Term Care). Interpretive

criteria have been previously published (19) and are discussed in

the Results section. Given the unexpectedly high number of blood

specimens with serological evidence for acute or recent infection

with C pneumoniae or M pneumoniae, the respiratory specimens

obtained from these patients using the RISK previously described

were retrospectively evaluated by nucleic acid diagnostics to con-

firm the presence of atypical pathogens. Specifically, following

collection of the respiratory specimens from patients between

March 27 and July 30, 2003, samples were stored at –70°C until

thawed once in August or September 2003, during which time they

were used to assess for atypical pathogen DNA. PCR for detection

of M pneumoniae in respiratory samples was performed by The

Hospital for Sick Children’s Diagnostic Virology Laboratory and by

the CPHL for C pneumoniae. Nucleic acid extraction protocols,

PCR primers and procedures are available from the authors affiliated

with each respective laboratory (SR and MAF).

A total of 117 patients were evaluated at NYGH between

March 27 and July 30, 2003. Patient demographic criteria and the

results of diagnostic tests ordered were entered in a computer data-

base and updated by two clinical research nurses who communicated

laboratory results to NYGH infectious disease consultants. Entered

data were verified by supervising authors (GZ and BM) before the

final analysis. Patient confidentiality was maintained by labelling

each patient with an established reference number. The assigned

disease severity category for each patient was based on the most

advanced disease state. Table 1 describes the disease severity grading

scale. Treatment was at the discretion of the admitting physician in

consultation with the infectious diseases service. Antibiotics were

administered based on CAP guidelines (22). Those with suspect or

probable SARS (based on CDC or World Health Organization

criteria) with progressive disease were treated optionally with

steroids, ribavirin and/or interferon (10,11). SARS-specific therapy

rapidly evolved throughout the course of the present study and

preliminary efficacy data have been reported (23).
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Statistics
The incidences of SARS-CoV, other pulmonary pathogens and

coinfection were estimated by using simple proportions. Logistic

regression models were fit among patients positive for SARS to

estimate odds ratios for development of severe disease among

patients with and without various coinfections. All P values from

regression models are two-sided and derived from the Wald test.

No adjustments were made for multiple comparisons (24).

RESULTS
Epidemiology and diagnostic study results
Table 2 describes the characteristics of patients evaluated. Over
40% of the patients were health care workers, and two-thirds
were women. The majority of patients were classified as having
mild disease. On admission, routine blood, urine and respiratory
sample cultures did not yield any pathogenic organisms.

Table 3 summarizes the observed rates of SARS and other
pulmonary pathogens. Noteworthy, C pneumonia serology was
interpreted as follows by the CPHL: an acute infection was
present if one single immunoglobulin (Ig) M titre was greater
than 1:10; a recent infection was present if one single IgG titre
was greater than 1:512 or if IgG was greater than 1:16 and IgA
was at least 1:16. Recent infection implied that the infection
occured within the previous three months. A total of 84 patients
were tested for C pneumoniae by serology, and 38 (45%) of
these were positive for recent infection and two (2%) were
positive for acute infection. Of these 84 patients that had
serology completed for C pneumoniae, 62 also had respiratory
specimens available for nucleic acid testing. In addition, there
were 19 patients whose respiratory specimens were only tested
by PCR for C pneumoniae (ie, C pneumoniae serology testing
was not performed). One of these 19 patients was found to have
a positive result for C pneumoniae DNA and was also SARS-
positive. A total of 103 patients were tested for C pneumoniae
by either PCR or serology, or both; in fact, 62 of 103 patients
had both PCR and serology performed. Respiratory samples for
nucleic acid testing were available from 31 of 40 patients diag-
nosed with acute or recent C pneumoniae by serology, and each
was negative by PCR. Ninety-eight patients were tested for
M pneumoniae by serology and 13 were positive for acute infec-
tion based on a positive IgM. Respiratory specimens from all
13 patients were negative by PCR. A total of 108 patients had
M pneumoniae testing: 27 had serology testing only, 10 had
PCR only and 71 had both PCR and serology testing.

Three patients had positive viral cultures, of which two
had influenza A and one had coxsackie virus. Overall, of the
85 patients confirmed to have SARS, 35 (41%) had laboratory
evidence of recent or acute coinfection by serology or PCR
(26 with C pneumoniae and eight with M pneumonia, as well as
one with influenza A by culture). Of the 32 patients with neg-
ative SARS testing, 13 were positive for recent infection with
C pneumoniae and five were positive for acute infection with
M pneumoniae by serology only.

Impact of pulmonary infection and coinfection on disease
severity
Table 4 displays results from logistic regression models that
assess the association of SARS and other pathogens with the
probability of severe disease. SARS positivity was associated
with a statistically significant increased probability of severe
disease. Both C pneumoniae and M pneumoniae positivity by
serology were associated with an increased probability of severe
disease, but neither association was statistically significant.
Other pulmonary pathogens had such low rates of positive
results that they were not formally analyzed for their associa-
tion with severe disease.

Table 5 summarizes the impact of coinfections on the prob-
ability of the development of severe disease. To assess the
impact of coinfection on the probability of developing severe
disease, analyses were restricted to patients who were positive
for SARS. Among this group, the odds of severe disease were

Incidence of coinfection in SARS
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TABLE 1
Disease severity scoring system

Disease severity Criteria

Mild Discharged home with follow-up or admitted to

a medical ward

Never admitted to an ICU

Survived

Moderate Admission to an ICU for close monitoring and/or

oxygen treatment if not available in a medical ward*

Never intubated

Survived

Severe Required intubation and ventilation

Expired

*Clinical criteria for transfer to an intensive care unit (ICU) are identical to
those published elsewhere (31,32)

TABLE 2
Characteristics of patients evaluated for fever and
respiratory symptoms during a severe acute respiratory
syndrome outbreak

Characteristics Patients (n=117)

Median age, years 47 (minimum, 17; 25th percentile, 35;

75th percentile, 60; maximum, 96)

Men, n (%) 38 (32)

Health care workers, n (%) 51 (44)

Disease severity, n (%)

Mild 90 (77)

Moderate 5 (4)

Severe 22 (19)

TABLE 3
Detection of pulmonary pathogens in patients evaluated
during a severe acute respiratory syndrome (SARS)
epidemic

Number of Positive
Diagnostic study patients evaluated results, n (%)

SARS test* (PCR or serology) 117 85 (73)

Chlamydophila test serology† 84 40 (48)

Mycoplasma test serology† 98 13 (13)

Legionella urine antigen test 84 0 (0)

Influenza serology† 83 0 (0)

Viral culture 48 3‡ (6)

*Five patients had an autopsy before SARS-associated coronavirus assays
were available. Autopsy findings were consistent with SARS; †Only serology
results showing acute or recent infection were included; ‡Influenza A was
detected in two samples and coxsackie virus was detected in one sample.
PCR Polymerase chain reaction
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compared between patients with and without evidence for
coinfection. The only pathogens that yielded positive tests
frequently enough to lead to meaningful analyses were C pneu-
moniae and M pneumoniae. No statistically significant associa-
tion was found between increased disease severity in patients
with SARS and serological evidence for acute or recent C pneu-
moniae or M pneumoniae infection.

DISCUSSION
In the present study, every patient with fever and/or any respira-
tory tract infection symptoms was assessed for SARS-CoV and
other pulmonary pathogens by one or more laboratory assays in
an effort to confirm a diagnosis. We were limited because five
patients died before any SARS diagnostic assay was available;
however, these patients had undergone an autopsy and findings
were consistent with a SARS diagnosis (25). In addition, two of
these deceased patients had a hospital roommate or spouse who
was later confirmed to have a positive SARS assay. Further lim-
iting our study was that, in several instances, not all RISK spec-
imens could be analyzed. This was because the large number of
requests for diagnostic tests often overwhelmed clinical and lab-
oratory personnel and resources during the SARS outbreak,
requiring prioritization of tests. Specifically, for the 117 patients
evaluated, serological tests for C pneumoniae, M pneumoniae and
influenza were performed on 84 (71%), 98 (84%) and 83 (71%)
patients, respectively, while viral culture was performed on
48 (41%) patients and Legionella species urine antigen test on
84 (71%) patients. Nucleic acid detection assays were per-
formed on available respiratory specimens from 62 of 84 patients
who had C pneumoniae serology, while an additional 19 patients
were tested by PCR for C pneumoniae only. For M pneumoniae,
71 of 98 patients tested by serology also had respiratory speci-
mens tested by PCR, while 10 patients only had PCR testing.
With these limitations in mind while interpreting the data, the
results nevertheless remain informative.

Regarding coinfection in SARS-confirmed patients, rou-
tine serology showed a significant incidence of C pneumoniae
and M pneumoniae recent or acute infection, reminiscent of
prior CAP studies (13-15). Because serological tests are rou-
tine and are considered the most useful means of determining
the cause of an outbreak or the prevalence of infection in epi-
demiological studies (26), one can infer that a significant pro-
portion of patients with SARS have had a recent or an acute

infection with C pneumoniae or M pneumoniae, and that sero-
logical detection of these pulmonary pathogens in someone
with fever and respiratory symptoms cannot be used to exclude
a diagnosis of SARS. We are cognizant that validated and
standardized serological techniques are lacking for atypical
bacteria (26), which prompted us to evaluate respiratory spec-
imens for M pneumoniae and C pneumoniae by nucleic acid
diagnostics from patients diagnosed with such atypical infec-
tions by serology. Neither of these pathogens could be detected
by PCR in patients confirmed to be infected by serology. We
are not the first group to observe such disturbing discordance
between PCR and serological diagnostic assays (27). However,
one needs to exercise caution with PCR diagnostics in this
context, because these also have not been evaluated in a sys-
tematic fashion, and especially because the timing of specimen
collection and quality of processing will impact results (26).
Nevertheless, the negative PCR data for both M pneumoniae
and C pneumoniae in all patients with SARS tested, with the
exception of one patient, do suggest a very low likelihood of
true coinfection with these atypicals. The gold standard assay
for C pneumoniae and M pneumoniae is culture, which is,
unfortunately, an elaborate and time-consuming procedure
requiring specialized media and expertise that was not practical
to use during this SARS outbreak (27). It has also not escaped
our attention that SARS-CoV may also cause a nonspecific
rise in atypical pathogen antibodies; however, to our knowl-
edge, no evidence or literature exists supporting that a positive
SARS serology interferes with atypical pathogen serological
assays. Currently, our preliminary data do not fully address this
possibility.

Although efforts and resources currently concentrate on
SARS-CoV and other emerging pathogen diagnostics, the
finding of discordant results for better understood and more
prevalent atypical pathogens by our group and others, as well
as highly variable results among different laboratories (26,28),
also emphasizes the desperate need for developing improved
gold-standard diagnostic tests for these infectious agents.
Diagnosing the next novel respiratory infectious syndrome will
also likely require excluding other known pathogens, such as
C pneumoniae, in a timely manner with adequate confidence.
This task will only be possible with uniform and standardized
interpretation criteria for the different serological and nucleic
acid assays. It is uncertain whether SARS will recur on a
global level, and the issue of distinguishing between SARS,
influenza and other pulmonary pathogens is an issue of intense
debate. An executive summary published in 2003 states that
“confirming a flu diagnosis means you’re relatively safe in ruling
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TABLE 4
Logistic regression models for severe disease among
those infected or not infected with severe acute
respiratory syndrome-associated coronavirus (SARS-CoV),
Chlamydophila pneumoniae or Mycoplasma pneumoniae

OR 95% CI P

SARS-CoV

Negative, 2/32 (6%)* 1 – –

Positive, 20/85 (24%) 4.6 1.0 to 21.0 0.05

Chlamydophila

Negative serology, 6/44 (14%) 1 – –

Positive serology, 7/40 (18%) 1.3 0.4 to 4.4 0.63

Mycoplasma

Negative serology, 10/85 (12%) 1 – –

Positive serology, 3/13 (23%) 2.3 0.5 to 9.6 0.27

*Fractions and percentages indicate the proportion of patients who had
severe disease among patients in the relevant category

TABLE 5
Logistic regression models for severe disease among
patients with laboratory-confirmed severe acute respiratory
syndrome-associated coronavirus: Impact of coinfections

OR 95% CI P

Chlamydophila

Negative serology, 5/35 (14%)* 1 – –

Positive serology, 7/31 (23%) 1.8 0.5 to 6.2 0.39

Mycoplasma

Negative serology, 10/63 (16%) 1 – –

Positive serology, 1/8 (13%) 0.8 0.1 to 6.8 0.80

*Fractions and percentages indicate the proportion of patients who had
severe disease among patients in the relevant category
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out SARS” (29). We are unaware of any data that support this
statement. Before and during the SARS epidemic in Toronto,
there was minimal background influenza (and other respiratory
viruses) based on routine surveillance (unpublished data of
MAF and FBJ). One patient in our study had culture-positive
influenza A and a positive SARS assay. Based on all the data,
we currently do not agree with the concept of ruling out SARS
by ruling in influenza (or another pathogen) because it has
inherent risks that can prove catastrophic. A positive diagnostic
result for influenza or another pulmonary pathogen in a patient
with progressive respiratory failure may delay recognition of a
SARS outbreak, in many ways similar to the experience of the
second SARS outbreak in Toronto.

Clearly, the discordance between serology and PCR for
C pneumonia and M pneumonia limits our ability to accurately
assess the true incidence and impact of coinfection by atypical
bacteria in those with SARS. For patients with SARS and evi-
dence of C pneumoniae or M pneumoniae by serology, recent or
acute infection was not associated with increased disease sever-
ity. This finding is in contrast to that of a Chinese study in
which Chlamydophila-like organisms observed by electron
microscopy in deceased SARS patients were thought to con-
tribute to increased disease severity (17).

CONCLUSIONS
The incidence of coinfection with atypical bacteria in SARS-
confirmed patients is dependent on the diagnostic assay used.
Serological evidence of recent or acute infection was 30% for
C pneumoniae and 9% for M pneumoniae in patients with

SARS, similar to prior pneumonia coinfection studies (13-15).
However, PCR did not detect nucleic acid from either M pneu-
moniae or C pneumoniae at the time of respiratory specimen
collection in those with positive serology, thus limiting our
ability to confidently determine the incidence and impact of
atypical coinfection in patients with SARS. When performing
diagnostic testing for respiratory pathogens, it is imperative to
be aware of the limitations associated with the different tests
used. One needs to be very cautious when excluding a SARS
diagnosis by ruling in another infectious etiology, because
infection with multiple respiratory pathogens has been reported
to occur in up to 27% of patients (30). Based on our experi-
ence and data, in a setting where clinical suspicion for SARS
is high, specific tests for SARS should be used to confirm or
exclude this diagnosis.
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