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Abstract In order to evaluate the efficacy of convales-
cent plasma therapy in the treatment of patients with se-
vere acute respiratory syndrome (SARS), 80 SARS patients
were given convalescent plasma at Prince of Wales Hospi-
tal, Hong Kong, between 20 March and 26 May 2003. Good
outcome was defined as discharge by day 22 following the
onset of SARS symptoms. Poor outcome was defined as
death or hospitalization beyond 22 days. A higher day-
22 discharge rate was observed among patients who were
given convalescent plasma before day 14 of illness (58.3%
vs 15.6%; P<0.001) and among those who were PCR pos-
itive and seronegative for coronavirus at the time of plasma
infusion (66.7% vs 20%; P=0.001).

Introduction

Severe acute respiratory syndrome (SARS) is a highly in-
fectious respiratory illness caused by a novel coronavirus,
which has affected more than 8,000 patients worldwide and
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caused more than 700 deaths [1–3]. In the absence of ef-
fective established therapy, treatment of SARS to date has
mainly been empirical and experimental. In Hong Kong,
ribavirin and steroids have been used, and 74% of pa-
tients have recovered without requiring admission to the
intensive care unit [4]. However, no control study has yet
been conducted comparing ribavirin/steroid treatment with
a placebo, and the potential efficacy of ribavirin against
the SARS-coronavirus has been controversial. Many ex-
perts are also concerned about the side-effects of high-dose
steroids.

Convalescent plasma therapy has been used to treat pa-
tients with Machupo virus (Bolivian hemorrhagic fever)
[5], Junin virus (Argentinian hemorrhagic fever) [6], Lassa
fever [7] and Ebola virus [8]. The use of pooled plasma or
immunoglobulin from patients who recovered from West
Nile encephalitis has demonstrated protective effects in in-
fected mice and clinical benefits in patients [9, 10]. Despite
some limitations in the methodologies described in these
previous reports, the data has suggested there is a clini-
cal benefit to convalescent plasma therapy. Postulating that
convalescent plasma of SARS patients carries antibodies
against coronavirus and may suppress viremia, we admin-
istered convalescent plasma to 80 SARS patients who had
progressive disease after initial treatment with ribavirin and
steroids. The results of this experience are presented here.

Patients and methods

The records of 80 patients with SARS who had received
convalescent plasma between 20 March and 26 May 2003
at the Prince of Wales Hospital in Hong Kong were an-
alyzed. In each case SARS was diagnosed according to
CDC criteria [11]. Starting in mid-March 2003, patients
admitted with suspected SARS were given cefotaxime and
levofloxacin (or clarithromycin) on the day of admission
to cover community-acquired pneumonia. If fever per-
sisted, ribavirin (administered as 1200 mg p.o. t.i.d. or
i.v. 400 mg q8h) and prednisolone (0.5–1 mg/kg) were
started on day 3. Patients with radiographic progression and
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Table 1 Comparison of
clinical characteristics of
patients with SARS according
to outcome

Characteristic Good outcomea Poor outcomeb P value Logistic regression
P value

No. of patients 33 47
Age 37.9±12.5 50.2±15.1 <0.001 0.009
Admission LDH (IU/l) 268.6±117.6 334±183.7 0.08 0.014
Mean day of plasma
infusionc

11.7±2.3 16.0±6.0 <0.001 0.012

Mean plasma volume 253.6±99.9 297.23±141.4 0.11 0.174
PCR positive and
seronegative for SARSd

20 10 <0.001 0.006

aDischarged by day 22 from
symptom onset
bDeath before day 22 or late
discharge
cCalculated from day of
symptom onset
dStatus at time plasma was
given

hypoxemia were given pulsed methylprednisolone (500 mg
i.v. daily for 2–3 doses). Patients whose condition con-
tinued to deteriorate, as defined by SaO2<90% on 0.5
FiO2, were then given 200–400 ml (4–5 ml/kg) of ABO-
compatible convalescent plasma at the discretion of the
attending clinicians and according to convalescent plasma
availability. The potential benefits and risks of convalescent
plasma were carefully explained to the patients and their
families.

Convalescent plasma was obtained from patients who had
recovered from SARS patients. Recovery was defined as an
afebrile status for at least 7 days, radiographic improvement
of 25%, no further need of an oxygen supplement, and at
least 14 days following symptom onset. Informed consent
was obtained from the donors who needed to be seronega-
tive for hepatitis B and C, HIV and syphilis and seropositive
for coronavirus (titer range, 160–2,560).

Apheresis was performed using a Baxter CS 300 cell sep-
arator (Baxter, Deerfield, IL, USA). A 600–900 ml plasma
sample was harvested from each donor, and each sample
was divided and stored as 200–225 ml aliquots at −70◦C
without any detergent or heat treatment.

Good outcome was defined as discharge by day 22 fol-
lowing the onset of SARS symptoms. Poor outcome was
defined as death before day 22 or hospitalization beyond
22 days. The discharge criteria of the Hospital Authority
were as follows: (i) afebrile status for 4 consecutive days;
(ii) improvement in previously abnormal leukocyte counts,
platelet counts, creatinine phosphatase kinase, lactate dehy-
drogenase, liver function tests and C-reactive protein; (iii)
radiographic improvement; and (iv) at least 21 days fol-
lowing the onset of illness. This last factor led us to define
good outcome as discharge by day 22. Using this defini-
tion, we were able to divide the patients into two distinct
non-overlapping outcome groups.

Age, sex, lactate dehydrogenase level at admission, time
of convalescent plasma administration and co-morbidities
were analyzed to determine whether or not they were pre-
dictive of clinical outcome. Numerical data were compared
using independent samples and Student’s t-test, and cate-
gorical data by Fisher’s exact test. Differences were con-
sidered significant at the level of P<0.05. All values were
expressed as mean ± standard deviation unless stated oth-
erwise. Logistic regression analysis was performed for age,
lactate dehydrogenase level, time of convalescent therapy
and viral status.

Results and discussion

Among the 339 patients with suspected SARS admitted
to the Prince of Wales Hospital between10 March and
20 May 2003, 92 demonstrated clinical deterioration de-
spite treatment with methylprednisolone. Eighty of these
patients (43 females and 37 males) were given convales-
cent plasma around day 14 (range, 7–30 days) following the
onset of symptoms. The median age of the patients receiv-
ing convalescent plasma was 45 years (range, 21–82 years).
The mean volume of plasma infused was 279.3±127.1 ml
(range, 160–640 ml). Thirty-three patients had a good clin-
ical outcome; they were given convalescent plasma ear-
lier than the patients with a poor outcome (11.67±2.3 vs
16.04±6.0 days; P<0.001; Table 1). Patients (n=48) given
convalescent plasma before day 14 had a better outcome
than those given plasma after day 14 (58.3% vs 15.6%;
P<0.001). The mortality rates in the two groups were 6.3%
and 21.9%, respectively (P=0.08). One major factor affect-
ing the timing of convalescent plasma administration was
plasma availability. Overall, the mortality rate was 12.5%
among the 80 patients given convalescent plasma. The over-
all SARS-related mortality rate in Hong Kong was 17%
(299/1755) during the SARS epidemic from 6 March to
24 May.

Sixty-one percent of the patients with a good outcome
were PCR positive and seronegative for coronavirus at the
time of plasma infusion as compared with 21% in the
group with a poor outcome (P<0.001). The 30 patients
who were PCR positive and seronegative for coronavirus
at the time of convalescent plasma therapy had a better out-
come than those who were already seropositive (66.7%
vs 20%; P=0.001). Age was a poor prognostic factor
(Table 1). In the multivariate analysis, only the time of
convalescent plasma therapy and coronavirus PCR positiv-
ity were significant factors.

No immediate adverse effects were observed with conva-
lescent plasma infusion. There was no correlation between
clinical outcome and either the volume of plasma infused
or the coronavirus antibody titers of the donors.

In our experience, patients whose clinical condition de-
teriorated after receiving ribavirin and methylprednisolone
had a higher discharge rate by day 22 when convalescent
plasma was administered before day14 of illness onset.
Patients receiving convalescent plasma after day 14 had a
longer hospital stay and a higher mortality rate.
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For most viral illnesses, viremia peaks in the first week
of infection. The patient usually develops a primary im-
mune response by day 10–14, which is followed by clear-
ance of the virus. Therefore, convalescent plasma should,
theoretically, be more effective when given early in the
course of disease. In a study of patients with Lassa fever in
Nigeria, all eight patients who received convalescent
plasma on or before day 10 of illness recovered and sur-
vived, while only three of eight patients who received
plasma after day 10 survived [7]. In SARS, the viral load
also peaks in the first week of infection [12], and clinical
deterioration in the third week is thought to be the result of
inflammatory or hyperimmune attacks on lung tissue rather
than direct viral-induced tissue damage. This was consis-
tent with our finding of better clinical outcome in patients
given convalescent plasma early in the course of the disease
(i.e., before day 14, or during the viremic and seronegative
stage).

The volumes of convalescent plasma we administered
were similar to those given to patients with Ebola hem-
orrhagic fever [8]. Although we did not observe any cor-
relation between clinical outcome and either the volume
of convalescent plasma given or the antibody titers of the
donors, this observation could be misleading; since the at-
tending physicians tend to give repeated infusions from
multiple donors to patients responding poorly in a desper-
ate attempt to reverse the course.

Our study has several limitations. (i) It was not random-
ized: whether or not patients received convalescent plasma
was at the discretion of the attending physicians and accord-
ing to plasma availability. Fluctuations in plasma availabil-
ity also resulted in some patients receiving plasma earlier in
the course of illness than others, but this allowed us to make
an interesting comparison of the effects of early versus late
plasma therapy. (ii) The amount of antibodies given to each
patient was not standardized. This might have contributed
to the variations in clinical outcome. (iii) Even though we
did not observe any immediate adverse reactions, the po-
tential risk of transfusion-transmitted infection was present.
Ideally, convalescent plasma should go through a viral inac-
tivation procedure before being infused into recipients. (iv)
We did not have a placebo group for comparison. Although
there were 12 patients whose condition deteriorated after
methylprednisolone treatment and never received plasma
therapy, these patients were given further doses of methyl-
prednisolone, penta-globulin or other antiviral drug-like
protease inhibitors. Using them for comparison, one may
argue that methylprednisolone or another therapy may have
a deleterious effect and convalescent plasma had minimal
benefits or vice versa.

Despite the many limitations, our data suggest it may be
worthwhile to test the effectiveness of therapy with con-

valescent plasma or SARS-specific hyperimmune globulin
in patients in the early phase of SARS during the next
outbreak.
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