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BACKGROUND:

 

 Severe acute respiratory syndrome 
(SARS) is a new infectious disease caused by the SARS 
virus. Current first-line treatments are experimental, and 
their effectiveness remains open to question. For more 
effective treatment and prevention of SARS, human 
SARS hyperimmune globulins for intravenous (IV) 
injection were purified in this study.

 

STUDY DESIGN AND METHODS:

 

 A combination 
of cold ethanol precipitation and ion-exchange 
chromatography was used to process pooled SARS 
convalescent plasma samples. Virus inactivation and 
removal approaches were taken to ensure safety.

 

RESULTS:

 

 The purified hyperimmune globulins were 
formulated as a 5 percent solution, with an antibody titer 
specifically against the SARS virus of 1:83, 1:1600, and 
1:200, as determined by enzyme-linked immunosorbent 
assay, immunofluorescence assay, and neutralizing 
antibody test, respectively. The purity of the SARS 
hyperimmune globulins was 99.0 percent, and the 
monomer and dimer content was 100 percent. Other 
variables analyzed met the Chinese Requirements of 
Biologics for IV immune globulin. The  SARS hyper-
immune globulins prepared were subsequently 
approved for clinical evaluation by the Chinese National 
Institute for the Control of Pharmaceutical & Biological 
Products.

 

CONCLUSION:

 

 IV-injectable, purified, and concentrated 
human SARS hyperimmune globulins were prepared from 
pooled convalescent plasma samples, which are ready to 
be further evaluated.

 

evere acute respiratory syndrome (SARS) first
emerged in southern China in late 2002. It spread
suddenly and quickly with a high mortality rate
and resulted in a global outbreak in the year that

followed. First-line treatment protocols that were used
clinically, for instance, ribavirin and steroid, were fairly
limited in terms of effectiveness.

 

1,2

 

 A preliminary study
suggests that interferon-

 

a

 

 plus steroids may be of value
in the treatment of SARS.

 

3

 

 Treatment with convalescent
plasma

 

4-6

 

 suggested that passive immunity is an effective
approach specific for SARS, as observed in other deadly
infectious diseases including Ebola.

 

7

 

 Superiorly,
preparation of virus-inactivated, purified, and concen-
trated hyperimmune globulins from pooled convalescent
plasma minimizes the risk of transmission of blood-borne
viruses, enhances the polyvalency of neutralizing anti-
bodies, and increases product consistency.

 

8,9

 

To develop such SARS hyperimmune globulins for
intravenous (IV) injection, a combination of Cohn
fractionation

 

10

 

 and ion-exchange chromatography was
employed in this study to process convalescent plasma.
The virus inactivation and removal approaches that have
been widely adopted in the plasma fractionation industry,
the solvent/detergent (S/D) technology

 

11

 

, and nanofiltra-

S
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tion, were used to ensure the safety of both employees and
the final product. The SARS hyperimmune globulins pre-
pared were subsequently approved to go into clinical trials
by the Chinese National Institute for the Control of Phar-
maceutical & Biological Products (NICPBP).

 

MATERIALS AND METHODS

 

Raw materials

 

Normal, hepatitis B hyperimmune plasma and SARS
convalescent plasma (at least 4 weeks after hospital
discharge) samples were collected via plasmapheresis
and screened routinely for hepatitis B surface antigen
(HBsAg), hepatitis C virus (HCV) antibody, human immu-
nodeficiency virus (HIV) antibody, syphilis, and alanine
aminotransferase (ALT) by Shenzhen Weiwu Guangming
Biological Products Co. according to the Chinese Require-
ments for Biologics (Ed. year 2000) issued by the Chinese
SFDA, which are basically similar to those of the US FDA.
All chemicals used in this study were of either pharmaceu-
tical or analytical grade.

 

Preparation of immunoglobulins

 

Before SARS convalescent plasma was processed, normal
and hepatitis B hyperimmune plasma samples were used
as starting materials for process optimization works.
Figure 1 is a simplified flow chart showing the preparation
process of human SARS hyperimmune globulins. Briefly,
convalescent plasma was treated with the S/D, 0.3 percent
tri-

 

n

 

-butyl phosphate (TnBP) and 1 percent Triton X-100
for 4 hours to inactivate viruses, followed by cold ethanol
precipitation.

 

10

 

 The redissolved Cohn fraction II was sub-
ject to column chromatography purification with DEAE-
Sepharose Fast Flow (Amersham Biosciences, Uppsala,
Sweden), similar to the report by Zhao and colleagues.

 

12

 

The chromatographic flow-through was concentrated and
diafiltered in a tangential flow manner with a 50-kDa cut-
off cassette (Omega membrane, Pall Corp., East Hills, NY),
followed by nanofiltration (DV50, Pall Corp.). The nanofil-
trate was formulated with 10 percent maltose and then
sterile filtered (Sterivex, Millipore, Bedford, MA) to yield
the SARS hyperimmune globulins.

 

Analytical assay

 

The titer of specific antibodies against the SARS virus was
determined by enzyme-linked immunosorbent assay
(ELISA; following instructions from the manufacturer
Beijing BGI-GBI Biotech Co.), immunofluorescence assay
(IFA, provided by Dr J.S. Tam)

 

13

 

 and neutralizing antibody
test (by NICPBP). RNA was extracted from the SARS
hyperimmune globulins and subsequently tested with a
real-time polymerase chain reaction (PCR) for SARS virus-

specific nucleic acid.

 

14

 

 Two-hundred nanograms of RNA
was used in each PCR procedure, and proper negative,
positive, and spiking controls were included. All analysis
required for IV immune globulin (IVIG) was performed
according to the Chinese Requirements for Biologics.
Briefly, purity was determined by cellulose acetate gel
electrophoresis, monomer-dimer levels by high-perfor-
mance liquid chromatography (HPLC), prekallikrein acti-
vator (PKA) levels by spectrophotometric measurement
of peptide cleavage, anticomplementary activity (ACA) by
titration with guinea pig complement, sterility by micro-
bial cultures, abnormal toxicity by intraperitoneal injec-
tion into mice and guinea pigs, pyrogenicity by IV
administration into rabbits, and heat stability by heating
at 57

 

∞

 

C for 4 hours. Residual levels of the solvent TnBP and
the detergent Triton X-100 were detected with gas chro-
matography and HPLC, respectively.

 

Fig. 1.

 

 

 

Simplified process for preparation of SARS hyperim-

mune globulins.

Plasma

S/D treatment

Cold ethanol precipitation

Fr I+II+III paste

Fr I+III paste

Fr II paste

Fr I+II+III supernatant

Fr I+III supernatant

Fr II supernatant

Redissolution
Cold ethanol precipitation

Redissolution
Anion exchange chromatography

Cold ethanol precipitation

Chromatographic flow-through

Ultrafiltration/Diafiltration
Nanofiltration

Bulk

Sterile filtration

SARS hyperimmune globulins



 

ZHANG ET AL.

1162 TRANSFUSION

 

Volume 45, July 2005

 

RESULTS

 

Analysis of SARS convalescent plasma

 

Specific antibodies against the SARS virus were detected
by ELISA in every one of the 47 convalescent plasma units
collected from recovered SARS patients. The antibody titer
of the convalescent plasma ranged from 1:2 to 1:48, mostly
between 1:8 and 1:24, apparently following a typical pat-
tern of normal distribution (see Fig. 2). Routine screening
of the 47 units for HBsAg, HCV antibody, HIV antibody,
and syphilis was negative, and ALT was normal. The
results of ELISA analysis of five normal plasma units were
negative for the presence of SARS antibody. Seven conva-
lescent plasma units were randomly selected to examine
SARS antibody titer with IFA, following the method devel-
oped by Chan and colleagues.

 

13

 

 Compared to ELISA, IFA
appeared to be a more sensitive titer detection method
(see Table 1).

 

Process development

 

Normal and hepatitis B hyperimmune plasma samples
were used as a simulation to look for an optimized pro-
cess, before the precious SARS convalescent plasma was
processed. The simulation was at a similar scale following
the designed process (see Fig. 1), and data are reported in
Table 2. Analytical examination of the simulated products
indicates that the major variables tested were in compli-
ance with the Chinese Requirements for Biologics for

IVIG. The simulation was highly reproducible and product
yield per liter of plasma and titer recovery for specific
hepatitis B antibodies were stable.

 

Preparation of SARS hyperimmune globulins

 

The SARS convalescent plasma was processed into a
5 percent solution of SARS hyperimmune globulins,
according to the process indicated in Fig. 1. A yield of
4.04 g was obtained per liter of original convalescent
plasma. Examined with ELISA, the SARS antibody titer of
the pooled convalescent plasma that was processed was
1:12. SARS antibody titer in the hyperimmune globulins
was determined with ELISA, IFA, and neutralizing anti-
body test, and results are reported in Table 3. Calculated
from the ELISA data, titer recovery from the convalescent
plasma to SARS hyperimmune globulins was 53.3 percent.
Real-time PCR analysis of RNA extracted from the SARS
hyperimmune globulins revealed no detectable SARS
virus-specific nucleic acid. Routine assays for IVIG, such
as purity, monomer-dimer, PKA, ACA, sterility, abnormal
toxicity, pyrogenicity, and heat stability, were performed
on the SARS hyperimmune globulins obtained, and data
are reported in Table 4, compliant with the Chinese
Requirements for Biologics for IVIG. Residual levels of
TnBP and Triton X-100 were within the limit of safety.

 

DISCUSSION

 

In response to viral infections, the human body usually
generates virus-specific antibodies immunoglobulin M
(IgM) and immunoglobulin G (IgG) after 2 weeks. The
levels of IgM gradually diminish, whereas those of IgG

 

Fig. 2.
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18

16

14

12

10

8

6

4

2

1:2 1:4 1:8 1:16 1:24 1:32 1:48

0

SARS antibody titer

N
um

be
r 

of
 p

la
sm

a 
un

its

 

TABLE 1. SARS antibody titer determined by ELISA 
and IFA

 

Plasma unit
number ELISA titer IFA titer
1 1:4 1:160
2 1:4 1:100
3 1:8 1:160
4 1:16 1:320
5 1:48

 

>

 

1:320
6 1:8 1:160
7 1:16 1:320

 

TABLE 2. Characteristics of the simulated IVIG

 

Source plasma
Number
of trials Purity (%)

Monomer plus
dimer (%)

ACA
(%)

PKA
(IU/mL)

TnBP
(

 

m

 

g/mL)
Triton X-100

(

 

m

 

g/mL)
Yield
(g/L)

Titer recovery 
(%)

Normal 4 98.9 

 

± 

 

0.3 100 25 

 

± 

 

10

 

<

 

9.3 NT* NT 3.8 

 

± 

 

0.5 NA†
Hepatitis B hyperimmune 4 99.0 

 

± 

 

0.2 100 23 

 

± 

 

11

 

<

 

9.3

 

<

 

2

 

<

 

5 4.0 

 

± 

 

0.3 48.5 

 

± 

 

8.0

* NT 

 

=

 

 not tested.
† NA 

 

=

 

 not applicable.
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sustain for a longer period. In this study, examination
of the convalescent plasma collected 4 weeks after
patients recovered from SARS revealed that the SARS
virus-specific IgG was detected in all the plasma units, but
there was individual variation in the SARS antibody titer
(1:2-1:48 by ELISA). The variation in SARS antibody titer
was likely a reflection of the immunity of the infected indi-
viduals. Individual variation of virus-specific antibody in
titer as well as polyvalency may compromise the effective-
ness of therapy with convalescent plasma. Preparation of
purified and concentrated hyperimmune globulins from
pooled convalescent plasma should improve product con-
sistency, at least within the same batch, enhance the poly-
valency of neutralizing antibodies, and subsequently
improve treatment effectiveness.

 

8,9

 

A combination of cold ethanol precipitation and
chromatography was selected in the process development
over Cohn fractionation or salting out alone, to ensure a
higher purity and monomer plus dimer content in the
hyperimmune globulin preparation. Although the prod-
uct yield and titer recovery of this study are comparable

to large-scale production, these are not
satisfactory for the process of precious
plasma, for example, SARS convalescent
plasma. Better yield and titer recovery
may be obtained with other approaches,
for instance, affinity chromatography
or preparative electrophoresis. Further
study is needed for the improvement
in product yield and titer recovery. The
SARS virus is 80 to 140 nm in diameter

 

15

 

and lipid-enveloped and, thus, is
expected to be removed and/or inacti-
vated by the nanofiltration (50 nm) and
the S/D technology, which is validated
virus clearance methods for viruses
including HBV, HCV, and HIV. Moreover,
cold ethanol precipitation, low pH for-
mulation, and perhaps chromatography
partitioning can also add to the product
safety. In the hyperimmune globulins,
no SARS virus-specific genetic material
was detectable with a real-time PCR.
Additional experiments are necessary to
evaluate virus clearance capacity of the
process.

Treatment of SARS with convales-
cent plasma is associated with a shorter
hospital stay and lower mortality, when
compared to first-line treatments.

 

4-6

 

 The
dosage of convalescent plasma varies in
these studies. Fifty milliliters was used
by Zhou and colleagues,

 

5

 

 whereas 200 to
400 mL was used in the other two stud-

ies.

 

4,6

 

 Standardization based on neutralizing antibody titer
may improve effectiveness and consistency in treatments
with convalescent plasma or hyperimmune globulins. The
timing of administration of SARS convalescent plasma or
hyperimmune globulins is important to obtain good clin-
ical responses,

 

6

 

 especially early in the disease course when
viral load is high.

 

16

 

 Properly designed and controlled clin-
ical trials are needed to further characterize the quality,
efficacy, and safety of the SARS hyperimmune globulins
prepared.
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TABLE 3. SARS antibody titer determined by ELISA, IFA, and neutralizing 
antibody test

 

ELISA titer IFA titer
Neutralizing 
antibody titer

SARS antibody reference* 1:40 1:1280 1:128
SARS hyperimmune globulins 1:83 1:1600 1:200

* Reference for the ELISA and neutralizing antibody test was a hyperimmune globulin 
preparation used by the NICPBP, and reference for the IFA was a convalescent plasma 
sample preparation provided by Dr J.S. Tam.

 

TABLE 4. Characteristics of the SARS hyperimmune globulins

 

Assay items Specifications for IVIG*
SARS hyperimmune

globulins
Identity (immunodiffusion) Precipitate only with human

antiserum
Pass

Identity (immunoelectrophoresis) IgG as major precipitate line Pass
Appearance Colorless or slightly yellow

clear solution
Colorless clear
solution

pH 3.8-4.4 4.1
Maltose content (g/L) 90-110 98
Purity (electrophoresis)

 

≥

 

95.0% 99.0%
Monomer plus dimer

 

≥

 

95.0% 100.0%
Heat stability (57

 

∞

 

C) No jelling or particulates Pass
ACA

 

£

 

50% 11%
PKA

 

£

 

35 IU/mL Not detected
Anti-A hemagglutinin

 

£

 

1:64 1:4
Anti-B hemagglutinin

 

£

 

1:64 1:4
Pyrogenicity Negative Pass
Sterility No microbial growth Pass
Abnormal toxicity Normal weight gain without

toxic reactions
Pass

TnBP residue

 

£

 

10.0 

 

m

 

g/mL (in-house limit)

 

<

 

2.0
Triton X-100 residue

 

£

 

10.0 

 

m

 

g/mL (in-house limit)

 

<

 

5.0

* According to the Chinese Requirements for Biologics for IVIG, unless specified.
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