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Duration of RT-PCR positivity in severe

acute respiratory syndrome
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ABSTRACT: Severe acute respiratory syndrome (SARS) is a highly infectious respiratory infection

with a high mortality. The duration of infectivity is unknown. The RT-PCR positivity for SARS-

associated coronavirus (SARS-CoV) was followed in 45 virologically confirmed SARS patients.

Serial RT-PCRs for SARS-CoV were performed in the nasopharyngeal aspirate, stool and urine

of 45 SARS patients who survived until discharge. All patients had at least one site that was

positive for SARS-CoV on presentation. Time to RT-PCR conversion was studied in all patients.

There were 15 males (33.3%) and 30 females (66.7%), with a mean¡SD age of 40.7¡14.7 yrs.

The median (range) time of RT-PCR conversion was 30 days (2–81). On discharge from the

hospital, 18 (40%) remained RT-PCR positive in at least one site. For patients with positive RT-PCR

on discharge, the median (range) time to RT-PCR conversion after discharge was 13 days (2–60).

A significant proportion of severe acute respiratory syndrome patients remained RT-PCR

positive for severe acute respiratory syndrome-associated coronavirus for a substantial duration

after discharge. The clinical significance is unknown and this finding merits further study. It is

prudent to advise patients to adhere to strict personal hygiene on discharge until RT-PCR becomes

negative.

KEYWORDS: Infectivity, RT-PCR, severe acute respiratory syndrome, severe acute respiratory

syndrome-associated coronavirus, transmission

S
evere acute respiratory syndrome (SARS)
is a highly infectious, rapidly progressive
pneumonia affecting all age sectors. SARS

has spread in an epidemic manner. The total
number of cases worldwide has reached .8,000
with 774 mortalities within a period of 9 months
[1]. The average number of secondary cases
generated by a ‘‘typical’’ infectious individual
(basic reproductive number, R0) in a completely
susceptible population, in the absence of control
measures, was estimated to be around three for
SARS [2–4]. The duration of infectivity is cur-
rently unknown. The World Health Organization
(WHO) advises that patients with SARS can be
considered for discharge from hospital if they are
afebrile for 48 h with resolving cough, together
with improving radiological, haematological and
biochemical parameters [5]. However, transmis-
sion to close contacts by recovered SARS patients
was reported [6]. In this study, the duration of
positivity of RT-PCR to SARS-associated corona-
virus (SARS-CoV) was examined in clinical
specimens of patients with SARS.

MATERIALS AND METHODS
This is a retrospective analysis of prospectively
collected clinical and virological data of patients
with confirmed SARS, admitted to the Dept of
Medicine and Geriatrics, United Christian
Hospital, Hong Kong SAR, China, during a
community outbreak from March 24 to May 4,
2003. All patients met a modified WHO defini-
tion of SARS, which included fever of o38 C̊,
cough or shortness of breath, new pulmonary
infiltrates on radiological examination, and
absence of an alternative diagnosis, together with
virological documentation of SARS-CoV infection
(paired serology and/or positive RT-PCR for
SARS-CoV from clinical specimens). All patients
were treated with a standard protocol of broad-
spectrum antibiotics, ribavirin and a tailing regi-
men of corticosteroid [7, 8]. A proportion of
patients were treated additionally with an experi-
mental agent, lopinavir/ritonavir (LPV/r) in an
open-label clinical trial [9]. The clinical, haema-
tological, biochemical, radiological and virologi-
cal findings were prospectively entered into a
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pre-set database, and the findings in the first 75 patients had
been reported previously [8].

Nasopharyngeal aspirate (NPA), urine and stool specimens
were collected on presentation and RT-PCR was performed
according to previous publications [8, 10]. Patients who had
positive RT-PCR in NPA, stool or urine at presentation were
included. In the included patients, follow-up specimens were
taken at intervals of 7¡2 days from symptom onset, until
SARS-CoV was undetectable in two consecutive specimens.
Patients who died during hospitalisation were excluded from
the final analysis.

Data are expressed as mean¡SD, unless otherwise specified.
Time to RT-PCR conversion was calculated from the date of
specimen collection on presentation to the day when SARS-
CoV was undetectable from all clinical specimens, which had
to be confirmed by consecutive negative tests from all clinical
sites. The potential associations of the following baseline
characteristics with the time to RT-PCR conversion were
explored: age, sex, active comorbid conditions, sites of positive
RT-PCR, the need for pulse methylprednisolone rescue,
diarrhoea, first lactate dehydrogenase level, initial viral load
of NPA specimens, and whether the patient was treated with
LPV/r. Potential risk factors affecting the time to RT-PCR
conversion were analysed by the log-rank test (for categorical
variables) and Cox’s regression (for continuous variables).
Hazard ratios (HRs) are given with 95% confidence interval
(CI). The Kaplan–Meier product-limit estimator was used to
estimate RT-PCR conversion and for the time-to-conversion
plot. A two-tailed p-value of ,0.05 was considered statistically
significant.

RESULTS
There were 127 patients with confirmed SARS admitted to the
current authors’ unit during the study period, of whom 52
(40.9%) had a positive RT-PCR from NPA, stool or urine at the
time of presentation. Of these 52 patients, seven died during
hospitalisation, and they were excluded from further analysis.
A remaining 45 patients were available for study, and follow-
up was complete in all of them.

Of the 45 patients, the mean¡SD age was 40.7¡14.7 yrs, with
15 (33.3%) males and 30 (66.7%) females. They presented at a
median of 3 days from symptom onset. All had virological
confirmation by RT-PCR in at least one clinical site, together
with positive paired serology. In these 45 patients, the speci-
mens in which RT-PCR was positive on presentation were as
follows: NPA in 36 (80%), stool in 38 (84.4%) and urine in 15
(33.3%). All three sites were positive in 13 patients (28.9%), and
two sites were positive in 18 patients (40%). The patients
stayed a mean¡SD of 35.2¡15.4 days in hospital. The median
(range) time of RT-PCR conversion was 30 days (2–81; fig. 1).
On discharge from the hospital, 18 (40%) remained RT-PCR
positive in at least one site. NPA was positive in 10 (22.2%),
stool in seven (15.6%) and urine in five (11.1%) patients. All
three sites were positive in one patient (2.2%) and two sites
were positive in two (4.4%). The median (range) time to RT-
PCR conversion from the day of discharge was 13 days (2–60).

Positive initial urine RT-PCR was predictive of a delay in
RT-PCR conversion (p50.0077; fig. 2). Patients who received
LPV/r, in addition to standard treatment with ribavirin and

corticosteroid, had earlier RT-PCR conversion (p50.0281;
fig. 3). Multivariate Cox’s regression showed both factors were
independently associated with time to RT-PCR conversion.
The adjusted HRs for urine RT-PCR positivity and LPV/r
treatment were 0.39 (95% CI: 0.19–0.82; p50.013) and 1.96 (95%
CI: 1.02–3.75; p50.043), respectively. The other baseline factors
were not predictive of the time to RT-PCR conversion.

DISCUSSION
This study shows that a significant proportion of SARS
patients have detectable viral RNA for SARS-CoV in their
clinical specimens for a substantial period of time. Positive
urine RT-PCR on presentation is related to delayed RT-PCR
conversion, whilst treatment with LPV/r is associated with
earlier conversion. It is noteworthy that the current patients
had already stayed for a mean of 35.2 days in hospital before
discharge, and yet a significant proportion (40%) still had
at least one site that was RT-PCR positive at the time of
discharge. The prolonged hospital stay was due to a local
quarantine policy that demanded SARS patients to remain in
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FIGURE 1. Kaplan–Meier curve showing the time for RT-PCR conversion from

the first positive specimen.
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FIGURE 2. Time to RT-PCR conversion with respect to the initial urine RT-PCR

status: …..: positive (n515); ––––: negative (n530). p50.0077.
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hospital until they met the WHO discharge criteria [5], or for 21
days, whichever was longer.

The findings of this study agree with a laboratory-based study
that viral RNA may still be detectable in clinical specimens in
some patients .30 days from symptom onset [11]. It is
interesting to find that urine RT-PCR positivity was related
to delayed RT-PCR conversion. SARS is predominantly a
disease of the aerodigestive tract and SARS-CoV is mostly
recovered from the nasopharynx and the stool, and the virus is
less frequently detectable in the urine [11, 12]. Positive urine
RT-PCR for SARS-CoV may reflect a higher viral load and/or
the susceptibility for dissemination in an individual, with
resulting delayed clearance of the virus. Treatment with LPV/r
was associated with earlier RT-PCR conversion, and this
finding is consistent with the current authors’ previous report
that LPV/r was associated with lowering of viral load during
the course of illness and improved clinical outcomes when
compared with historical controls [9].

The clinical significance of the prolonged RT-PCR positivity is
currently unknown. Although viral RNA remains detectable in
clinical specimens, it does not imply that the virus is necessa-
rily viable or transmissible. No transmission to close contacts
was documented in the current patients after discharge.
However, it should be noted that the current patients were
advised to exercise strict personal hygiene measures until
RT-PCR conversion was confirmed. Conversely, SARS-CoV is
difficult to culture from clinical specimens. Virus isolation
from various clinical specimens ranged only 21.4–37.9% during
the first 2 weeks of illness, despite the high infectivity during
this period [11]. Negative culture cannot be taken to mean zero
risk of infectivity. Moreover, transmission to close contacts by
recovered SARS patients is known to have occurred [6]. Before
there is further data to ascertain the duration of infectivity in
SARS, the current authors feel that it is prudent to monitor RT-
PCR status in various clinical specimens of SARS patients.

SARS patients should also be advised of hygienic measures
(e.g. wearing a surgical mask, toilet disinfection, disinfection of
food utensils) until RT-PCR conversion is confirmed.

To conclude, a significant proportion of severe acute respira-
tory syndrome patients remained RT-PCR positive for severe
acute respiratory syndrome-associated coronavirus on dis-
charge for a substantial period of time. Further studies are
needed to explore the duration of infectivity in severe
acute respiratory syndrome patients with delayed RT-PCR
conversion.
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FIGURE 3. Time to RT-PCR conversion with respect to the treatment received

(…..: standard, i.e. ribavirin plus corticosteroid [7, 8], n524; ––––: lopinavir/ritonavir

in addition to standard treatment [9], n521). p50.0281.
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