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Abstract. Since rabies is still a major cause of human death in many developing countries and the
implementation of recommended post-exposure prophylaxis by vaccination and specific immunogiob-
ulin therapy is largely hampered by its high cost, the development of cheap rabies vaccines and
immunoglobulin preparation are a high priority in these countries. In this paper various purification
methods of equine rabies immunoglobulin based on different principles are compared with respect to
their effect on final yield and biological activity. It is shown that a combination of ammonium sulphate
(AS) precipitation and DEAE ion exchange chromatography results in an acceptable recovery rate of
biclogical activity and a product of relatively high purity. Although affinity chromatography with protein
G in combination with AS precipitation results in a similar recovery rate and a product of considerably
higher purity, the cost of this procedure may be prohibitive for routine use in most developing coun-
tries. The effects of pepsin digestion time on the biological activity of the product and on the reduction
of intact horse Ig are also studied. The desirability of this digestion procedure with respect to reduc-

tion of adverse side effects and efficacy of the product for post-exposure treatment is discussed.

Introduction

Rabies is a major public health problem and remains
the cause of many thousands of human deaths in
several developing countries.}™ Post-exposure treat-
ment of rabies includes the prompt use of human or
equine rabies immunoglobulin (HRIG or ERIG) in
combination with the administration of rabies
vaccine, as recommended by the World Health Organ-
isation.?*® Although the use of ERIG is associated
with adverse side effects in one to six percent of the
individuals treated,?® the limited availability of
HRIG due to its high cost, necessitates the continued
use of ERIG in developing countries.” Significant dif-
ferences in adverse reactions caused by the use of
ERIG, have been suggested to reflect differences in
manufacturing or purification processes and protein
content.”™ Although limited information is available
on the manufacturing and purification procedures of
commercially available ERIG and ERIG preparations
produced in developing countries, most of these
depend on the use of classical methods developed
decades ago.'* Therefore we have evaluated the
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effects of different purification methods on the yield
and in vitro and in vivo biological activity of ERIG
preparations in order to define routine production
methods that minimize adverse side effects of ERIG
products with high biological activity.

Materials and methods

Immunization of horses

Two different protocols were used to immunize
horses against rabies virus. The first was according
to the method described by Lepine and Atanasiu.® In
short, horses were first immunized with inactivated
rabies virus (Pasteur strain) prepared from brains of
infected suckling mouse and subsequently by a series
of immunizations with live virus. This resulted in
virus neutralizing (VN) serum antibody levels of 100
to 300 IU per ml serum. In the second protocol horses
were immunized four times with inactivated rabies
vaccine {Pitman-Moore strain) produced in dog kid-
ney cells,” which resulted in VN serum antibody
levels of 10-30 IU per ml serum. Most of the experi-
ments were carried out with horse serum exhibiting
the higher VN antibody titers.
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Non-chromatographic purification

Salt  precipitation.  Purification of horse
immunoglobulin (Ig) by salt precipitation was per-
formed as described by Philips et al.'° In brief, a sat-
urated (NH,3,80, (AS) or Na.S0, (SS) 40% w/v)
solution was added to an equal volume of horse serum
under continuous stirring at 4°C or 20°C respectively.
After 30 min the precipitate was centrifuged for 30
min at 10 000 g. The pellet was dissolved in distilled
water, and the resulting solution was dialysed
against PBS pH 7-2 to remove AS or 88, and adjusted
to the original volume with the same buffer.

Caprylic acid. Purification of horse Ig by caprylic
acid precipitation was carried out according to the
method described by McKinney and Parkinson.!
Briefly, serum was diluted with 4 volumes of 0-01 M
acetic buffer pH 4-5. The solution was stirred slowly
and a 1:40 volume of caprylic acid (Merck, Darmstadt,
Germany) was added dropwise at 20°C. After 30 min
the suspension was centrifuged for 25 min at
10 000 g and the supernatant was filtered through a
0-45 um filter. Subsequently an AS precipitation was
carried out and the resulting solution was adjusted
to the original volume as described above.

Chromatographic purification

lon-exchange. Purification of horse Ig by ion-
exchange was performed batchwise essentially as
described by Ter Avest et al.'? with minor
modifications, using DE-52 cellulose (Whatmann,
Maidstone, U.K.) or DEAE CL-6B (Pharmacia, Upp-
sala, Sweden). One gram DE-52 cellulose in 6 ml
0-01 M phosphate buffer (PB) pH 6-0 was added per
ml of serum. The DEAE CL-6B gel was washed twice
with 0-5 m HCL, twice with 0-5 M NaOH and twice
with PB pH 6.0 prior to use. For the DEAE 1 ml gel
per 1 ml serum was used. After stirring for 1 h at 20°C
the suspension was centrifuged at 4500 g for 25 min.
The supernatant was concentrated by AS precipita-
tion and adjusted to the original volume as described
above.

Affi-T gel. Purification of horse Ig by Affi-T gel
KEM-en-TEC (Copenhagen, Denmark)® was per-
formed as described by Lihme and Heegaard.® Briefly
the serum was adjusted to 0-75 M SS and three vol-
umes of Affi-T gel were added under gentle shaking
at 20°C. After 1 h the gel was washed three times
with three volumes of 0-75 M AS. Bound Ig was eluted
three times with one volume 0-05 M Tris pH 9-0. The
eluates were pooled, concentrated by AS precipita-
tion and the resulting solution was adjusted to the
original volume as described above.

Pratein-A. Purification of horse Ig by Protein-Al416
was performed by mixing four volumes of serum with
one volume of 0-5 M sodiumphosphate buffer pH 8-1
and run through a Protein-A sepharose CL-4B
column (Pharmacia, Uppsala, Sweden). Unbound
material was washed from the column with 0-1 M
sodiumphosphate buffer pH 8.1 until the £280 value
reached the baseline level, The bound Ig was eluted
with 0-1 M citrate buffer pH 3-8 in fractions to which
0-25 volumes of 1 M Tris pH 8.9 had been added. Frac-
tions with the highest protein concentrations (see
below) were pooled, precipitated with AS and
the resulting solution was adjusted to the original
volume as described above.

Frotein (3. Purification of horse Ig by Protein-G
sepharose 4 fast flow (Pharmacia, Uppsala, Sweden)
was performed as described for the Protein-A
purification. Instead of a citrate elution buffer a
0-1 M glycine buffer pH 2.7 was used.

Pepsin digestion

F(ab)2 fragments of horse Ig were prepared by
adjusting serum sample with 0.1 M HCL to pH 3.8
and adding 2600 units of pepsin (Flow, Worthington,
U.5.A.) per mg protein, Afterincubation at 37°C, sam-
ples were taken from 30 min to 48 h at regular inter-
vals and adjusted to pH 7-0 by adding 0-1 m NaOH.
The digested samples were AS precipitated and
adjusted to the original volume as described above.
Protein concentrations of the samples and biological
activities were measured as described below. Remain-
ing intact IgG was detected by SDS-PAGE?® and sil-
verstaining using  Phastsystem  equipment
(Pharmacia, Uppsala, Sweden} and intact rabies
virus-specific IgG was quantitated by an indirect
ELISA.Y In short, plates were coated with rabies
virus antigen, serial dilutions of samples containing
horse anti-rabies virus Ig were added and bound Ig
was measured with a Protein-G conjugate.

Measurement of recovery

Protein measurement. Protein concentrationsin the
samples were measured according to the method
described by Bradford.'®

Inhibition ELISA. The inhibition ELISA to deter-
mine rabies virus-specific Ig is a method based on a
monoclonal antibody (MoAb) combination used for
the detection of rabies virus glycoprotein as previ-
ously described.'®® In short, ELISA plates were
coated with 0-1 gl volumes (250 ng/well) of MoAb 6-
15-C4 in PBS pH 7-2 for 2 h at 37°C. After washing,
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plates were blocked with ELISA buffer containing 0-1
M Tris pH 7-4, 0-1% Triton X-100, 0-1% Tween 20, 3%
NaCl, 0-5% BSA and 10% normal sheep serum (EBT)
and incubated for 18 h at 4°C. In separate plates 50
ul of serial twofold dilutions of the samples were incu-
bated with 50 gl of rabies virus antigen strain Pitman
Moore (1.5 ug/ml). After 18 h incubation at 4°C the
serum antigen mixture was transferred to the MoAb
coated plate and incubated for 2h at 37°C. Plates were
washed and remaining binding capacity of rabies
virus antigen was detected by incubation with biotin
labeled MoAb 2-22-C5 for 1 h at 37°C. Horse radish
peroxidase (HRPO) bound streptavidin (Amersham
International, Amersham, U.K.) was allowed to bind
to biotin for 30 min at 37°C. Plates were developed
using tetramethylbenzidine as a substrate.”®

Rapid fluorescent focus inhibition test (RFFIT). Virus
neutralizing antibodies in the IgG preparations were
measured by the RFFIT using the CVS-11 strain and
expressed in international units (IU) described by
Smith et al 22

Specific activity ratio. The specific activity of the Ig
preparations was defined in IU per mg protein mea-
sured in the RFFIT and presented as the ratio
between the specific activity of the sample, divided
by the specific activity of the original horse serum
sample.

Recovery

In vivo protection experiment

The in vivo neutralization test was performed in
weanling NIH outbred mice as described by Atana-
sin.?! In short, threefold dilutions of the sample were
incubated with 30 LD50 of the CVS-26 strain, for 90
min at 37°C. The mixtures (30 ¢l) were inoculated
intracerebrally and the mice were observed for the
development of typical clinical signs for 21 days. Neu-
tralization titers were expressed in IU,

Results
Comparison of different purification methods

Non chromatographic methods. As shown in Fig. 1
SS and AS precipitation of serum from immunized
horses, resulted in a recovery of 93 and 75% of bio-
logical activities respectively as measured in RFFIT
with specific activity ratios of 2.9 and 2.8 respectively,
and in a recovery of 94 and 88% of the biological activ-
ities as measured in inhibition ELISA respectively.
Caprylic acid precipitation of albumin and other non
IgG proteins from serum of immunized horses in com-
bination with AS precipitation resulted in a recovery
of 58% of the biological activity measured in RFFIT
with a specific activity ratio of 4.6 and in a recovery
of 45% of the biological activity as measured in inhi-
bition ELISA.

lon-exchange chromatography. DE-52 and DEAFE ion
exchange purification followed by AS precipitation of
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Figure 1. Recovery of biological activity and relative purity of ERIG preparations obtained by different
purification methods using serum from a horse immunized with inactivated rabies vaccine prepared on
cell-culture (Pitman-Moore strain). SS: Na,SO, precipitation; AS: (NH,),80, precipitation; Cap.: caprylic
acid precipitation; DE52, DEAE affinity chromatography; Prot-A, affinity chromatography; Affi-T, affinity
chromatography and Prot-G, affinity chromatography.
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Figure 2, Influence of different incubation times with pepsin (2600 U/ml) at 37°C on
biological activities measured by RFFIT and indirect ELISA and on the specific activ-
ity of DEAE/AS purified ERIG from a horse immunized with inactivated rabies vac-
cine (Pitman-Moore strain). RV: rabies virus.

serum from immunized horses resulted in the recov-
ery of 31 and 34% of biological activities determined
by RFFIT with specific activity ratios of 6.9 and 10-0
respectively. Analysis of the DE-52/AS and DEAE/AS
purified preparations in the inhibition ELISA,
resulted in the recovery of 35 and 26% of the biolog-
ical activities respectively (Fig. 1).

Affinity chromatography

Affinity chromatographic purification of horse
serurn with Prot-A, Affi-T and Prot-G sepharose gels
followed by AS precipitation resulted in the recovery
of 15, 31 and 57% of biological activities measured in
RFFIT with specific activity ratios of 6-9, 5-4, and 20-0
respectively. Analysis of these preparations by inhi-
bition ELISA showed recoveries of 10-5, 21 and 31%
respectively,

Influence of pepsin digestion time

The effects of pepsin digestion time on the in vitro
biological activity, specific activity and residual lev-
els of intact rabies virus-specific Ig, were determined
with the DEAE/AS treated preparation (Fig. 2). Dur-
ing the first 30 min a reduction to about 70% of resid-
ual biological activity measured in the RFFIT was
observed, which gradually declined to about 55% in
the subsequent 5 h. During the following 43 h less
than 10% of the original biological activity was sub-
sequently lost. The specific activity ratio increased

from 1.0 to 2-8 after 30 min, to 4.0 after 8 h and to 7.2
after 48 h of digestion. Levels of intact rabies virus-
specific IgG as measured in the inhibition ELISA
decreased about 45% in 30 min, to about 13% in6 h
to finally disappear after 48 h. By SDS-PAGE only
traces of intact Ig molecules were detectable after 30
min, which were not detectable after 1 or moreh after
digestion.

Comparison of RFFIT and inhibition ELISA results

As shown in Fig. 3, there proved to be a good cor-
relation between the results obtained in RFFIT and
in the inhibition ELISA, with samples collected from
the different purification methods described in the
previous sections.

In vivo potency test with ERIG resulting from a
selected combination of methods

Based on the results of the in vitro analyses and
practical considerations, the following combination of
methods was selected to be further studied for rou-
tine purposes using serum from a horse immunized
with rabies virus prepared on dog kidney cells (Pit-
man Moore): AS precipitation, followed by DEAE
chromatography and pepsin digestion for 48 h. This
resulted in virus neutralization titers of approxi-
mately 12 TU/ml, 6 IU/ml and 4 TU/ml respectively
and recoveries of 106, 46 and 39% of the biological
activities of the respective products as determined by
the in vivo mice protection assay.
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Figure 3. Comparison of the results obtained by RFFIT
and inhibition ELISA with samples from the respective
purification procedures used in these studies.

Discussion

In the present study we have compared different
methods for the purification of ERIG from the serum
of horses immunized against rabies virus, with the
aim of developing a method yielding ERIG prepara-
tions which cause little side effects and can be imple-
mented at low cost in developing countries. In
preparing horse immune serum, we confirmed ear-
lier studies,® showing that for the induction of high
VN titers in horses, booster immunizations with live
rabies virus are essential. Three principles of Ig
purification from horse serum were compared, Of the
non-chromatographic procedures, 8S and AS precip-
itation yielded higher recovery rates (75-95%) than
the combination of caprylic acid and AS precipitation.
The latter however, yielded a preparation of about
twofold higher purity. Since caprylic acid precipita-
tion results in relatively high volumes it was followed
by salt precipitation. For routine production proce-
dures the use of AS precipitation, which gives a
slightly lower recovery rate of biological activity with
about the same purity as SS precipitation, should be
preferred over SS precipitation, since it is routinely
carried out at 4°C, which limits the effects of possible
accidental bacterial contamination. The ion exchange
chromatography with DE-52 or DEAE followed by AS
precipitation resulted in a relatively pure prepara-
tion with a specific activity of about 10 at a recovery
rate of about 30%. Of the three methods of affinity
chromatography, the use of protein G followed by AS
precipitation resulted in a product of the highest
specific activity (about 20) at the highest recovery rate
(about 50%). Although this method would clearly be

the method of choice on basis of these criteria, the rel-
atively high costs involved in this procedure may be
prohibitive for large scale production in most devel-
oping countries. Therefore we have chosen to further
evaluate the DEAE ion-exchange chromatography
procedure, in combination with AS precipitation and
pepsin digestion.

Anaphylactoid reactions due to treatment with
intact Ig preparations may be related to dimers or
aggregates of Ig, which activate the complement sys-
tem and not, or to a lesser extent, to monomers. To
minimize anaphylactoid reactions following treat-
ment with horse Ig preparations, pepsin digestion of
intact horse Ig levels is generally practised. We have
evaluated the effects of different pepsin digestion
times, using 2600 units of pepsin per mg of protein
at 37°C (a routinely used procedure), on the biologi-
cal activity and residual intact horse Ig levels. After
a relatively sharp decline in biological activity dur-
ing the first 6 h to about 50%, it only decreased with
about another 10% during the subsequent 42 h of
digestion. After 3 h of incubation still about 20% of
the intact rabies virus-specific Ig as measured in the
indirect ELISA was present, which had completely
disappeared after 48 h of incubation. The relatively
short pepsin digestion time of 0-5 to 3 h, which is gen-
erally practised, has been based on the detection of
intact Ig by SDS PAGE. It may be expected that the
removal of less than 90% of intact horse Ig may still
not fully eliminate anaphylactoid reactions after
administration. Therefore the question arises,
whether the generally used pepsin digestion proce-
dures are indeed sufficiently effective. A more impor-
tant question to be addressed is whether the in vivo
effect of ERIG after pepsin digestion is indeed
reflected by the in vitro and in vivo VN tests as rec-
ommended by the WHO.?! We have shown that there
is a good correlation between both assays, when
applied to the product resulting from an eventually
selected procedure, the latter being notoriously more
prone to biclogical variation. It should however be
recommended not to use ERIG products after pepsin
digestion, until their relative protective activities
have been measured in post-exposure treatment
experiments, rather than after the advocated pre-
exposure neutralization of challenge virus.?? It can-
not be ruled out that for optimal in vivo activity in a
post-exposure setting intact rabies virus-specific Ig
molecules would be needed.

By comparing the data generated with the RFFIT
and the inhibition ELISA based on MoAbs with VN
activity, there proved to be a good correlation (corr.
coeff. 0-89) between the resuits of both assays.
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Although the inhibition ELISA does not directly mea-
sure VN activity, it may be concluded from these data
that it can be used as a cheap alternative for in pro-
cess controls in the preparation of ERIG products and
as a diagnostic tool.

In conclusion, the procedure that we have selected
for further evaluation and implementation in a large
scale production setting was based on the results of
in vivo and in vitro assays and practical considera-
tions. It consists of AS precipitation followed by DEAE
ion exchange chromatography. Whether, in addition
to this procedure a pepsin digestion procedure should
be included, remains to be decided on basis of a gen-
eral assessment of the risk of adverse side effects
induced by the thus purified preparation and of the
results of post-exposure protection experiments.
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