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Abstract: Background: Clinical follow-ups of patients that have recovered from severe acute respiratory syndrome
(SARS) have demonstrated radiological, physical, and psychological abnormalities to varying degrees. It is important
that follow-ups be carried out to assess the clinical significance and persistence of such abnormalities. Oseltamivir
has been widely used to treat viral diseases in clinical settings. Objectives: The aim of this study was to describe the
long-term outcomes of patients with SARS and to describe the effects of oseltamivir on SARS, along with variables
associated with outcomes. Study design: This study evaluated 67 survivors of severe acute respiratory syndrome
treated with or without oseltamivir for 12 years after discharge from the hospital. At each visit, patients underwent
physical examinations, pulmonary-function testing, echocardiographic examinations, and quality-of-life evaluations.
Results: All survivors were asymptomatic and had normal clinical examinations. Mild pulmonary abnormalities were
detected by lung function tests in 7 (10.45%) subjects, including residual ground-glass opacification or fibrosis (n=6)
and air trapping (n=1). The need for mechanical ventilation (P=0.02) during the iliness was a significant risk factor
in predicting pneumonic fibrosis. There were no significant cardio-pulmonary function differences between those
survivors treated with or without oseltamivir. Median scores for the physical role domain of the 36-item Short-Form
General Health Survey decreased more than scores in the normal population, along with no significant differences
between the two groups. Conclusions: After a complete clinical resolution, a considerable proportion of patients
affected with SARS recovered. There were no significant differences in cardio-pulmonary function and quality-of-life
measures between those treated with or without oseltamivir.
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Background

Severe acute respiratory syndrome (SARS) is an
emerging infectious disease caused by identi-
fied coronavirus (CoV) known as SARS-associ-
ated CoV (SARS-CoV) [1]. It first manifested in
humans in China in November 2002 and has
subsequently spread worldwide [2]. Although
many studies have addressed short-term out-
comes, no studies have provided detailed infor-
mation beyond 10 years of follow-up.

It has been reported that fatality rates in pa-
tients affected with SARS-CoV have exceeded
10% [3]. Moreover, long-term pulmonary sequ-
elae in the form of bronchiectasis and pulmo-

nary fibrosis may be as high as 20% [4]. Other
physical and psychological abnormalities may
also be observed in severe cases, namely de-
creased quality of life and neurocognitive func-
tion impairment. Therefore, it is important to
study long-term outcomes of patients with SA-
RS to determine whether patients affected with
SARS can return to normal and to determine
variables associated with bad outcomes.

Published clinical trials have found that neur-
aminidase inhibitors, namely oseltamivir, selec-
tively inhibit influenza A and B viral neuramini-
dase (a highly conserved active site that plays
an essential role in viral replication), thereby
inhibiting influenza virus release from infected
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cells and reducing viral spread within the respi-
ratory system [5]. During the SARS epidemic,
many patients have received oseltamivir thera-
py to counter symptoms of acute respiratory
distress, according to clinical practical guide-
lines [6]. The efficacy of oseltamivir in treat-
ment of SARS and long-term follow-ups has
not yet been established. Also, based on find-
ings for other human coronaviruses, such as
Middle East respiratory syndrome coronavirus,
it is important to know the efficacy and safety
of oseltamivir in the treatment of diseases
caused by coronaviruses.

Objectives

The aim of this follow-up study was to delineate
the characteristics and outcomes of patients
affected with SARS, at 12 years after an acute
episode of SARS, and to correlate the develop-
ment of complications with clinical indices and
laboratory abnormalities during the iliness. Fur-
thermore, this study investigated the efficacy of
oseltamivir in prophylaxis against coronavirus.

Study design

Study participants

This prospective study was conducted at the
Guangdong Provincial Hospital of Chinese Me-
dicine, a major hospital in South China desig-
nated to treat cases of SARS during the SARS
epidemic of 2003. Patients with SARS had pro-
bable cases of the disease, according to a mod-
ified definition of SARS provided by the Chinese
Medical Association [7]. Patients had high fever
(body temperature of 38°C or higher), evidence
of lung infiltrate according to chest radiography
or computed tomography of the thorax with or
without respiratory symptoms (cough, dyspnea,
or hypoxemia), relevant history of close contact
with a suspected or defined case of SARS, and
visitation history to a SARS-affected area with-
in 10 days. Diagnosis of SARS was confirmed
by either SARS-CoV RNA detected by reverse-
transcription polymerase chain reaction. Pati-
ents were excluded if an alternative medical or
microbiological diagnosis explained their clini-
cal presentation. Of the 103 patients that were
diagnosed during the outbreak, 7 patients died.
The remaining patients with SARS were invited
to participate in the study. Written consent for
follow-ups was obtained directly from patients
at the time of discharge from the hospital.
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Treatment

All patients received antibiotics (penicillin, fluo-
roquinolone, or macrolides) treatment of com-
munity-acquired pneumonia after admission. A
total of 34 patients received oral oseltamivir 75
mg, twice a day for 5 days. Afterward, 75 mg
once a day for another 7 days. A total of 69 pa-
tients in the cohort did not receive this antivi-
ral therapy because there were no guidelines
recommending the use of oseltamivir at the
first stage. In accordance with recommenda-
tions, therapy with intravenous corticosteroids
was initiated if patients did not respond to anti-
biotic therapy within 48 hours and other symp-
toms were compatible with SARS, including
severe toxic symptoms and illness progressing
into acute lung injury (ALI) or acute respiratory
distress syndrome (ARDS) [8]. The recommend-
ed dose of methylprednisolone for adults was
50-500 mg/day, intravenously, but modifica-
tions were made according to the needs of
individual patients.

Collection of specimens and information

After informed consent was obtained from each
patient, epidemiological data and past clinical
information were retrieved from medical reco-
rds and through patient interviews. Serum sam-
ples were collected from each patient at regu-
lar intervals and were frozen at -20°C until anal-
ysis could be performed. Other characteristics
of patients during their stay in the hospital are
outlined in Table 1.

Follow-up protocol

Following discharge from the hospital, patients
were evaluated. At each visit, patients were in-
terviewed and underwent physical examina-
tions, pulmonary-function testing, posteroante-
rior chest radiographies, and echocardiograph-
ic examinations. They also completed the SF-
36 to measure health-related quality of life
(HRQoL) [9].

Statistical analysis

An intention-to-treat (ITT) analysis was carried
out and presented retaining all enrolled partici-
pants regardless of whether they received osel-
tamivir or not. Baseline clinical and demograph-
ic characteristics are distributed as mean + SD,
median, or inter quartile range (IQR) for contin-
uous variables and as frequencies or percent-
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Table 1. Baseline characteristics

Patients treated with Patients treated without P
oseltamivir (n=34) oseltamivir (n=69) Value

Age, yr
Men, no. (%)
APACHE-II score, at admission
Any underlying medical conditions, no. (%)
Ischaemic heart disease
Pulmonary
Diabetes
Malignancy
Immunocompromising condition
Clinical illness, no. (%)
Fever
Cough
Sore throat
Chills
Myalgias or arthralgias
Difficulty breathing
Severity of illness, no. (%)
Treatment with mechanical ventilation
ARDS
Respiratory failure
Severe pneumonia
Shock
Dosage of steroid, mg

Received steroid replacement therapy at follow-up, no. (%)

Hospital Courses and Outcomes
Heating time, h
The total mortality rate, no. (%)
Mechanical ventilation time, h
From admission to death
ICU admission, day
ICU stay cost, yuan
The total duration of hospitalization cost, day

29.91+10.11 36.97+13.24 0.007
11 (32) 33 (48) 0.146
16.52+7.78 16.24+7.53 0.898
2 (6) 2(3)
1(3) 1(1) 0.553
0(0) 1(1) 1.000
0(0) 1(1)
1(3) 0(0)
34 (100) 69 (100) 1.000
26 (76) 51 (74) 1.000
7(21) 8(12) 0.245
20 (59) 45 (65) 0.664
10 (29) 9 (13) 0.059
4(12) 5(7) 0.480
25 (74) 19 (28) 0.000
7(21) 11 (16) 0.588
18 (53) 27 (39) 0.209
30 (88) 47 (68) 0.122
4(12) 5(7) 0.473
1941.46+245.20 712.71+178.41  0.000
4(12) 3(4) 0.215
11.21+3.355 10.25+5.725 0.288
3(9) 4 (6) 0.682

224.23+148.21
18.0+7.0
24.03+8.40

225.67+214.79 0.981
27.25+1.25831 0.044
16.26+7.24 0.000

58146.77+33457.06 26256.27+37704.07 0.000

24.03+8.40 16.26+7.24 0.000

Values are expressed as median (interquartile range) or n (%); Scores for the Acute Physiology, Age, and Chronic Health Evalu-
ation (APACHE I1) can range from O to 71; higher scores indicate more severe iliness. ICU, Intensive Care Unit; ARDS, Acute
Respiratory Distress Syndrome; APTT, activated partial thromboplastin time; ALT, Alanine aminotransferase.

ages for categorical variables. For all analyses,
a value of P<0.05 is considered statistically
significant. No adjustments were performed for
multiple comparisons. All analyses were con-
ducted using SPSS software version 12.0 (IBM,
USA), unless otherwise noted.

Results
Study population

During the study period, this study enrolled 103
of 108 eligible patients. Reasons for exclusion
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are outlined in Figure 1. Two patients declined
to participate in the study and one patient with
a history of psychiatric disease was excluded
after the audit. Consent was obtained from 103
survivors, these patients were included in the
study (Figure 1).

The rate of in-person follow-up at the one-
month visit was 93.2 percent, as 9 patients
died in hospital. Three patients died with multi-
system organ failure, two died of severe pneu-
monia, one died suddenly at home, and three
died of respiratory arrest.

Int J Clin Exp Med 2019;12(10):12464-12471
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122 Patients screened

'

108 Eligible

Figure 1. Enroliment of Patients
with the Severe acute respira-
tory syndrome and Follow-up for
12 years.

v

103 Enrolled

v

96 Patients survived

v
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> 3 Declined
2 Missed evaluation
> { 7 Died ’
> [ 29 Declined }

chills (59%), coughs (76%), my-
algia or arthralgias (29%), dys-
pnea (12%) and sore throats
(21%).

Twenty-five patients (74%) we-
re admitted to the ICU with
mechanical ventilation and 3
patients died (21-day mortali-
ty, 9%; 95% confidence inter-
val [Cl], 5.9%-15.8%).

67 Patients Included ]

\ 4

12-vear follow-up
620f 67 (92.5%) Completed the clinical interview
62 of 67 (92.5%) Completed the questionnaires
550f 67 (92.5%) Completed the assessment

A total of 29 patients were not evaluated be-
cause they were inaccessible or declined a
visit. Finally, there were 67 of the 96 survivors
that finished follow-up, with a rate of 69.79%.

Clinical features and short outcomes

This study retrospectively reviewed and analy-
zed data from records of SARS patients, from
onset throughout the hospital stay. These in-
cluded underlying medical conditions, clinical
symptoms, laboratory variables, duration of
mechanical ventilation, and short-time mortali-
ty rates.

Demographic details and comorbidities are
shown in Table 1. The median age of the stu-
dy population was 33 years (24-57 years), with
57% females. Seventy-three patients (81%)
were health care workers (nurses, physicians,
ward assistants, radiology and electrocardio-
gram technicians, medical students, security
personnel, paramedics, and research assis-
tants). Sixty-six (60%) patients were women.

A total of 34 patients (23.3%) were treated with
oseltamivir. APACHE-II scores at admission we-
re 16.52+7.78. Four patients had medical co-
morbidities including ischemic heart disease
(n=2, 6%), chronic obstructive pulmonary dis-
ease (n=1, 3%), and immunocompromising con-
dition (n=1, 3%). At presentation, patients had
the following symptoms: fever >38°C (100%),
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Multivariable analysis show-
ed that presence of diabetes
(relative risk, 3.1; 95% Cl, 1.4-
7.2; P=0.01) and other co-
morbid conditions (RR, 2.5;
95% Cl, 1.1-5.8; P=0.03) we-
re independently associated
with poor outcomes (death,
ICU admission, or mechanical
ventilation).

Of the 69 patients treated without oseltamivir,
19 (28%) required mechanical ventilation with
APACHE-II scores of 16.24+7.53. Features of
the clinical examination most commonly found
in these patients, at admission, were fever
(100%), coughs (74%), myalgia (13%), and dys-
pnea (7%). Common laboratory features includ-
ed elevated lactate dehydrogenase (87%),
hypocalcemia (60%), and lymphopenia (54%).
Epidemiologic and clinical characteristics did
not significantly differ between the two groups.

In addition, there were no statistically signifi-
cant differences between the two group in
terms of incidence of ARDS (p=0.588), res-
piratory failure (p=0.588), severe pneumonia
(p=0.122), and shock (p=0.473), as well as
heating time (p=0.288), mechanical ventilat-
ion time (p=0.981), and total mortality rate
(p=0.682).

Multiple logistic regression was used to assess
whether oseltamivir treatment was indepen-
dently associated with improved outcomes.
Results show that oseltamivir treatment was
not found to be associated with significantly
better outcomes (p>0.05, data not shown).

Pulmonary function testing and chest radio-
logical outcomes

Even though symptoms were not systematically
recorded, most (if not all) patients were free of

Int J Clin Exp Med 2019;12(10):12464-12471
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Table 2. Findings in Heart Function Tests

Patients treated with

Patients treated without

ftem oseltamivir (n=26) oseltamivir (n=38) P Value
EF% 69.78+4.994 70.28+4.008 0.790
FS% 39.56+4.53 39.31+3.920 0.886
CO, L/min 5.100+£1.0014 7.736+£12.837 0.292
SV, mL 65.250+8.7953 61.046+£13.5767 0.311
Right ventricular outflow tract, mm 23.33+2.06 22.90+2.968 0.626
AR, mm 26.67+5.050 23.17+3.48 0.024
LA, mm 29.00£2.179 28.24+4.006 0.472
RV, mm 17.44+2.128 17.0742.137 0.651
Ventricular septal 9.67+1.803 9.03+1.295 0.350
LV(D), mm 45.89+2.369 44.34+2.468 0.113
LV(S), mm 27.67+2.236 26.76+2.516 0.318
LVPW, mm 9.56+1.424 8.97+1.052 0.275
PA, mm 21.00+1.323 19.31+1.795 0.007

EF indicates ejection fraction; FS, fractional shortening; CO, cardiac output; SV, stroke output; AR, aortic root wide; LA, left
atrium wide; RV, Right ventricle; LV(D), Left ventricular (diastolic) wide; LV(S), Left ventricular (systolic) wide; LVPW, Left ven-

tricular posterior wall; PA, Pulmonary artery wide.

respiratory symptoms at follow-up. Lung func-
tion abnormalities were detected in 7 patients
(20.58%) treated with oseltamivir, with mild
obstructive defect in one (6.25%), mild restric-
tive defect in three (18.75%), and moderate
restrictive defect in three (18.75%). Isolated
reductions in carbon monoxide transfer factor
(TLCO) were found in 6 patients.

No significant differences were identified be-
tween patients with or without oseltamivir
(P>0.05). The need for mechanical ventilation
(P=0.02) during the illness was a significant
risk factor in predicting pneumonic fibrosis.

Radiological abnormalities of any degree were
detected in 7 patients (15.4%), either air trap-
ping or residual ground-glass opacification.
There were no significant differences in radio-
logical abnormalities between subjects treated
with or without oseltamivir (P>0.05).

Ventricular performance

In this study, several echocardiographic param-
eters were used to assess cardiac systolic and
diastolic function. At present, the pulmonary
artery wide was significantly higher (21.00+
1.323 vs. 19.31+1.795, P<0.001) in the group
of patients that required oseltamivir compared
to those that did not (Table 2). However, other
parameters, including ejection fraction, frac-
tional shortening, cardiac output, stroke out-
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put, left atrium wide, right ventricle, left ven-
tricular (diastolic/systolic) wide, and left ven-
tricular posterior wall, were not found to be
significantly different between the two groups.

Quality of life

Twelve years after discharge from the hospital,
92.54 percent were working. Most patients had
returned to their original position (Table 3). Re-
ported reasons for not returning to work inclu-
ded immobility of large joints (femoral head
necrosis), persistent fatigue, and weakness.
There were no significant differences noted in
the proportion of patients returning to their
original work position between the two groups
(P>0.05).

Medical Outcome Study 36-Item Short Form
Health Survey (SF-36) was administered, at
12 years after hospital discharge, to assess
health-related quality of life. Eight domains of
the SF-36 (physical functioning, role-physical,
bodily pain, general health, vitality, social func-
tioning, role-emotional, and mental health) we-
re clustered to form two higher order domains,
physical and mental health scores. Each do-
main was scored from O to 100, with higher
scores indicating better quality of life.

SF-36 domain scores of patients that did and
did not require oseltamivir, compared with nor-
mative data, are shown in Table 3. There was

Int J Clin Exp Med 2019;12(10):12464-12471
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Table 3. Return to Work and Health-Related Quality of Life among
Patients with the Acute Respiratory Distress Syndrome treated with or
without oseltamivir

Patients treated  Patients treated

Outcome with oseltamivir without oseltamivir

(n=28) (n=39) Value
Working status no./total no. (%)’
Not working 2/28 (7) 3/39 (8) 0.656
Returned to work 26/28 (93) 36/39 (92)
SF-36 score”

Physical functioning 0.082
Median (normal value) 80.63 (89) 88.52 (89)
Interquartile range 67.5-95 85-95

Physical role 0.084
Median (normal value) 60.94 (84) 84.26 (84)
Interquartile range 25-100 25-100

Body Pain 0.072
Median (normal value) 78 (77) 85.83 (77)
Interquartile range 69.5-94 69.5-100

General health 0.571
Median (normal value) 58 (77) 56.70 (77)
Interquartile range 43-77 40-72

Vitality 0.723
Median (normal value) 64.06 (68) 66.11 (68)
Interquartile range 61.25-75 55-75

Social functioning 0.865
Median (normal value) 87.50 (88) 86.57 (88)
Interquartile range 87.5-100 62.5-100

Emotional role 0.316

Median (normal value) 64.58 (84) 74.07 (84)
Interquartile range 33.33-100 66.67-100

Mental health 0.820
Median (normal value) 67.75 (78) 68.59 (78)
Interquartile range 65-76 60-80

IThis category includes return to school, home duties, volunteer work, or paid employ-
ment. “The domains of the Medical Outcomes Study 36-item Short-Form General Health
Survey (SF-36) are defined as follows: physical functioning, the extent to which health
limits physical activity; physical role, the extent to which physical health interferes with
work or limits activity; pain, the intensity of pain and the effect of pain on patient’s
ability to work; general health, patient’s own evaluation of his or her health or health
outlook; vitality, the degree of energy the patient has; social functioning, the extent to
which health or emotional problems interfere with social activities; emotional role, the
extent to which emotional problems interfere with work or activities; and mental health,
general mental health. Scores for each domain can range from O to 100; higher scores
denote a better health-related quality of life. The normal Chinese values are from Li et
al. A total of 1 patients with oseltamivir and 2 without oseltamivir at 12 year did not
complete the questionnaires. The numbers evaluated were therefore 31 with oseltami-
vir and 54 without oseltamivir.

impairment of HRQoL among SARS survivors
treated with oseltamivir at 12 years. Physical
functioning and role physical domains were
lower than in survivors treated without oselta-
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mivir. However, there were
no significant differences
in SF-36 domains betw-
een the two groups (p>
0.05).

Discussion

SARS is a life-threatening
illness resulting in signifi-
cant long-term morbidity,
including cardiopulmonary
impairment and decreas-
ed quality of life. Ten years
after the SARS outbreak,
it is worth recounting th-
ese events in detail and
summarizing subsequent
understanding of SARS-
CoV. This may be impor-
tant as we continue to be
confronted by novel emer-
ging disease threats, in-
cluding the novel Middle
East respiratory syndrome
(MERS) coronavirus. This
threat can cause severe
pneumonia and renal fail-
ure, with high fatality ra-
tes.

Histopathological changes
from lung biopsy speci-
mens suggested the pos-
sibility of immunopatho-
logical damage, a broad
spectrum antiviral age-
nt (oseltamivir), therefore,
was recommended for
empirical treatment. Ose-
ltamivir has been demon-
strated as an active neur-
aminidase inhibitor that
significantly reduces the
duration of symptomatic
illness and hastens the
return of activity to nor-
mal levels when initiated
promptly in patients with
naturally acquired influen-
za [10].

Few reports have described long-term out-
comes of SARS survivors. The present study
is the first to report more than ten years of
effects on changes in both cardiopulmonary

Int J Clin Exp Med 2019;12(10):12464-12471
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function and health-related quality of life. At 12
years, residual abnormalities of cardiopulmo-
nary function were still observed in some of the
cohort, mostly consisting of a small number of
restrictive defects, along with right heart dys-
function. Isolated abnormalities in pulmonary
function could represent pulmonary fibrosis or
a late phase in recovery, according to other lon-
gitudinal studies [11]. The rate of radiological
abnormalities was lower than that reported in
an earlier study, 12 years after admission, sug-
gesting that radiological abnormalities caused
by SARS might improve over time.

There were no significant differences between
the two groups with respect to cardiopulmo-
nary function, radiological abnormalities, and
quality of life. Quality of life in the SARS survi-
vors was lower than the normal population, as
with previous reports with other SARS patients
[12]. Interestingly, it was found that physical
function, physical roles, pain, vitality, emotional
roles, and mental health domains of patients
treated with oseltamivir were lower than that
those without oseltamivir 12 years after hospi-
tal discharge. These results raised the question
as to why the mental health domain de-
clined at 12 years. One possible reason for the
decline in mental health at 12 years may be
depression. Depression has been associated
with decreased life satisfaction and lower qual-
ity of life [13].

This was not a randomized study, therefore,
there are a few limitations. For example, the
use of steroid treatment might have confound-
ed the outcome because steroids can blunt
host immune response and promote viral repli-
cation. However, both controls and oseltamivir-
treated patients received the same protocol of
corticosteroid therapy and cumulative methyl-
prednisolone doses did differ between the two
groups (P<0.05). Thus, the worse outcome in
the treatment group was the result of higher
steroid use. In subgroup analysis, patients that
received oseltamivir as the initial treatment
seemed to run a more severe disease course
and had an increase in SARS-coronavirus load.
Their need for higher doses of methylpredniso-
lone for severe respiratory deterioration was
therefore increased [14]. Therefore, oseltami-
vir-associated poor outcomes might be expla-
ined as immunopathological damage by steroid
effects. In addition, the limitations of this stu-
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dy include the inability to measure premorbid
cardiopulmonary function and quality of life.
This study also did not follow a normal control
group. However, it should be noted that demo-
graphics were used, namely age, gender, and
underlying medical conditions. Corrected neu-
ropsychologic test scores were used for statisti-
cal analyses, correcting for variables known to
affect test performance [15].

In summary, this study revealed that a consid-
erable proportion of patients with a history of
SARS coronavirus-associated pneumonia could
recover fully from their critical illness to a nor-
mal healthy status. Results suggest that com-
plete recovery is possible. Long-term follow-up
is important in assessing longitudinal changes
of patients with SARS, allowing for better under-
standing of the disease and prognostic coun-
seling of families.
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