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Abstract

In 2017, the second national reference standard (NRS) for Gloydius snake venom was established to replace the first NRS
for Gloydius snake venom. In connection with the second venom NRS, a candidate for the first NRS for Gloydius snake
antivenom was produced in 2017. In this study, the qualification of the candidate was estimated and the potency was deter-
mined by a collaborative study. The potency (anti-lethal titer and anti-hemorrhagic titer) of the candidate was determined by
measuring the capability of the antivenom to neutralize the lethal and hemorrhagic effects of the second NRS for Gloydius
snake venom, which was calibrated against the regional reference standard for Gloydius snake antivenom established in
2006. Two Korean facilities contributed data from 20 independent assays. Subsequently, one foreign national control research
laboratories participated in this collaborative study. The general common potency of the anti-lethal and anti-hemorrhagic
titers was obtained from the results of a total of 25 tests performed at three facilities. According to the results of the present
study, the candidate preparation showed good quality and is judged to be suitable to serve as the first NRS for Gloydius
snake antivenom with the following potency: an anti-lethal titer of 3100 unit (U) (95% confidence interval 2991-3276 U)
and anti-hemorrhagic titer of 3000 U (95% confidence interval 2849-3159 U). In conclusion, the first NRS for Gloydius
snake antivenom was established in this study. This reference standard will be used routinely for quality control of a snake
antivenom product by manufacturer in Korea, which also can be used for national quality control, including a national lot-
release test of the snake antivenom product.
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Introduction

The morbidity and mortality associated with venomous
snakebites have been a serious public health problem in
many countries of the world. The study recently conducted
at the global scale estimated that the envenoming inci-
dence/100,000 varies from 0.33 to 15.73, and the death
rate/100,000 from 0.033 to 0.347 per year [1]. The snake-
bites are also heavy burden in South Korea where there
are 16 species of snakes including 4 species of venom-
ous snakes, of which the Gloydius brevicaudus, Gloydius
intermedius, and Gloydius ussuriensis are responsible for
the majority of envenomings and clinical symptoms from
snakebites [2]. The genus Gloydius (Serpentes: Crotalinae)
is a venomous group of snakes distributed in many regions
of Asia, including Korea, Japan, and China [3]. The Gloy-
dius snakebite envenomation can induce local and sys-
temic effects including tissue swelling and necrosis, lethal
with cardiac, pulmonary, or renal dysfunction even though
the case-fatality rate is very low [4—6]. These clinical man-
ifestations are caused by Gloydius snake venom, which has
lethal and hemorrhagic activities [7]. Treatment of enveno-
mations with an antivenom is currently recognized as one
of the available therapy methods for venomous snakebites.
The antivenom is derived from immunoglobulins, obtained
and purified from the plasma of animals immunized with
snake venoms, which can neutralize the activities of toxins
present in snake venoms [8]. A snake antivenom product
also has been used in Korea for the treatment of Gloydius
snakebites. The quality of the final antivenom product has
been controlled in accordance with the Korean minimum
requirements [9]. The quality control of the final product
is a key element in the assurance of quality for antivenom.
Quality control tests should be performed by the manu-
facturer and national control laboratory in Korea under its
responsibility before the product is released. Among items
ensuring the quality of the final product, the potency was
traditionally assessed by both the in vivo neutralization
of venom lethality in mice and hemorrhagic effect in rab-
bits in Korea [9]. In other words, the potency of the snake
antivenom consists of the anti-lethal and anti-hemorrhagic
titers in Korea, which has been calibrated against the ref-
erence standard for Gloydius snake antivenom (code no.
011201) established regionally in Japan, China, and Korea
[10] using the Korean national reference standard (NRS)
for Gloydius snake venom as the test snake venom, which
was established individually in 2004 [11]. In 2017, the
second NRS for Gloydius snake venom was established
to replace the first NRS for Gloydius snake venom [12].
In connection with the second NRS for Gloydius snake
venom, a candidate for the reference standard for Gloydius
snake antivenom was produced for the first time as the
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Korean national reference in 2017. In the present study,
the potency of the candidate for the first NRS for Gloydius
snake antivenom was determined in a manner similar to
that of the regional reference standard for Gloydius snake
antivenom that had previously been established in 2006
[10] through a collaborative study. Two Korean facilities
[1 national control laboratory and 1 manufacturer] and
one foreign national control laboratories in Japan contrib-
uted to this collaborative study as recommended by the
World Health Organization (WHO) that the preparation
of national or regional reference standard for antivenom
should be undertaken by relevant national control labora-
tories (NCLs) and regulatory agencies [13]. In addition,
the qualities of the candidate were estimated to judge
whether it could be suitable to serve as the first Korean
NRS for Gloydius snake antivenom.

Materials and methods

Production of a candidate for the first NRS
for Gloydius snake antivenom

A candidate for the NRS for Gloydius snake venom (MFDS-
B-17-004, 2716 vials) was lyophilized at Korea Vaccine Co.,
Ltd. The final bulk of Gloydius snake antivenom was sup-
plied by Shanghai Serum Biological Technology (SSBT)
in China according to the procedure for the commercial
antivenom product with the same formulation. It contained
more than 2000 U of G. brevicaudus antivenom, and 1.5
w/v% of glycine per 1 ml vial. To ensure stability of long-
term, the candidate was freeze-dried similarly to Korean
commercial antivenom product. Korea Vaccine Co., Ltd.
also conducted preliminary tests, including an immunodif-
fusion assay and immune-electrophoresis to estimate the
immunological characteristics associated with the snake
antivenom as well as quality control tests to verify the qual-
ity of the candidate to meet quality control specification.

Estimation of the quality of the lyophilized snake
antivenom candidate

The candidate was subjected to quality control tests includ-
ing identification testing, physical appearance testing, steril-
ity testing, moisture content testing (water determination),
mass variation testing (uniformity), foreign insoluble matter
testing, and leakage testing to ensure the quality of the lyo-
philized snake antivenom candidate at Korea Vaccine Co.,
Ltd. All the tests were examined three times using each of
the 10 vials of the candidate preparation. These test items
were selected in accordance with the criteria of the Korean
minimum requirements for a Korean commercial antivenom
product [9]. These test methods were also conducted
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according to the procedures prescribed in the Korean mini-
mum requirements [9].

Animals

Five mice per group of the ICR strain of specific pathogen
free (SPF; female 16+ 1 g) were used for determination of
anti-lethal titer. For determination of anti-hemorrhagic titer,
the New Zealand strain of the SPF rabbit (2 rabbits per 1
test; female 2.0+ 0.2 kg) was used. All animal tests were
approved by the NIFDS Ethics Committee on Animal Use
(MFDS-18-122) and conducted according to the Korean
animal testing guidelines. Animals were housed in an SPF
facility at 20-24 °C and a relative humidity of 55 + 10% with
15-20 air changes/hour and 12-h light/darkness cycles. All
the animals were acclimatized for one week prior to testing.

Determination of the anti-lethal titer

The anti-lethal titer of the candidate for the first NRS
for Gloydius snake antivenom against the lethal activ-
ity of test snake venom (the second national reference
standard (NRS) for Gloydius snake venom; code no.
MFDS-B-17-002, 1 test dose (TD) of lethal titer: 90.1
pg/vial) was determined. The test was performed accord-
ing to the methods prescribed in Korea [9] using the
regional reference standard for Gloydius snake antivenom
(code no. 011201, anti-lethal titer: 32,000 U/vial).
The regional reference standard for antivenom was dissolved
in 0.017 M phosphate buffered sodium chloride solution
containing 0.2 w/v% gelatin (pH 7.0) (GPBS) to make a
solution of 200 U/ml and serially diluted with GPBS such
that 1 ml of each dilution contained 64, 80, 100, 126, or 160
U of antivenom (Table 1). The candidate was dissolved and
diluted serially with GPBS in the same way of the regional
reference standard for antivenom. The test snake venom was
reconstituted and diluted with GPBS to a concentration of
10 test doses/ml. For neutralization, aliquots of 1 ml of the
regional reference standard for antivenom diluted appro-
priately or the candidate were mixed with 1 ml of the test
snake venom (Table 1) and kept at room temperature for 1

h, respectively. Then mice were injected intravenously with
0.2 ml of each mixture of solution. The results associated
with each mixture solution were observed for 2 days. Each
50% eftective dose (EDs) of the regional reference standard
for antivenom and the candidate was calculated from the
results of the number of dead mice using the Reed—Muench
method [14]. The anti-lethal titer of the candidate was deter-
mined relative to that of the regional reference standard for
antivenom.

Determination of the anti-hemorrhagic titer

The capability of the candidate to neutralize the hemorrhagic
effect of the test snake venom was examined against the
regional reference standard for Gloydius snake antivenom
(code no. 011201, anti-hemorrhagic titer: 36,000 U/vial). The
second NRS for Gloydius snake venom (code no. MFDS-
B-17-002, 1 test dose (TD) of hemorrhagic titer: 10.8 pg/vial)
was used as test snake venom.

The regional reference standard for antivenom and
the candidate were dissolved in GPBS to a final con-
centration of 20 U/ml and serially diluted with GPBS.
Each the dilution contained 6.4, 8.0, 10.0, 12.6, or
16.0 U per ml of antivenom (Table 1). The test snake
venom was also reconstituted and diluted into GPBS
to the same concentration as that used in examina-
tion for anti-lethal titer, of which was 10 test doses/ml.
Aliquots of 1 ml of appropriately diluted the regional refer-
ence standard for antivenom or candidate were mixed with
1 ml of the test snake venom (Table 1) and kept at room
temperature for 1 h for neutralization. Aliquots of 0.2 ml
of these mixtures of solutions were injected intradermally
into the shaved backs of two rabbits at two sites in a sym-
metrically per mixture of solution for each rabbit. After 24 h,
the rabbits were euthanized, and the back skin was removed
using a surgical instrument. The hemorrhagic spots were
measured from the inner side of the skin using Vernier cali-
pers. EDs, of the regional reference standard for antivenom
and the candidate were calculated in terms of the size of
the hemorrhagic spots. The anti-hemorrhagic titer was cali-
brated against the regional reference standard for antivenom.

Table 1 Composition of

) Preparation e)) ) 3) 4) &)
assay mixtures (ml) for
Gloydius snake antivenom titer Antivenom 200 U/ml (anti-lethal ~ 0.320 0.400 0.500 0.630 0.800
determination titer) or
20 U/ml (anti-hemor-
rhagic titer)
GPBS*? 0.680 0.600 0.500 0.370 0.200
Venom 10 test dose/ml 1.000 1.000 1.000 1.000 1.000

%0.017 mol/l phosphate buffered sodium chloride solution containing 0.2 w/v% gelatin (pH 7.0)

@ Springer



410

Toxicol Res. (2020) 36:407-413

Results

Estimation of the quality of the lyophilized snake
antivenom candidate

The optimal conditions for lyophilization of the candidate
were found by pilot studies, which could ensure the stabil-
ity of quality under storage for long periods (Table 2). The
results of the quality control tests performed are shown in
Table 3. In all the test items, the quality of the candidate
was verified to meet quality control standards. In the steril-
ity test, there was no evidence of microbial growth. The
results of the moisture content test, foreign insoluble particle
matter test, and leakage test also fulfilled the requirements
regarding each specification. The homogeneity of the can-
didate was confirmed by the results of mass variation test
performed three times at Korea Vaccine Co., Ltd.

Determination of the anti-lethal titer

The common potencies of the anti-lethal titers were 2909
(95% confidence interval: 2837-2984) U/vial at NIFDS,
3455 (3195-3735) U/vial at Korea Vaccine Co., Ltd.,

which were calculated from the geometric mean of the ten
results, respectively. NIID in Japan contributed data from
five independent assays with the common potency of 2997
(2798-3168) U/vial as shown in Table 4. Intra-laboratory
variability was calculated as coefficients of variation (CVs)
and are also shown in Table 4. In all three laboratories, the
CVs were approximately 10%. The general common potency
determined in collaboration with the results of the three
facilities was 3131 (2991-3276) U/vial, which was round
off to 3100 U/vial.

Determination of the anti-hemorrhagic titer

The results were 2765 (95% confidence interval: 2614-2924)
Ulvial at NIFDS, 3342 (3198-3492) U/vial at Korea Vac-
cine Co., Ltd., and 2847 (2362-3431) U/vial at NIID in the
common potencies (Table 4). The CVs of the three facilities
were 7.84%, 6.16%, and 15.00%, respectively. The general
common potency of the anti-hemorrhagic titer obtained
from the results of the twenty-five tests performed at these
three facilities was 3000 (2849-3159) U/vial. One of the test
results is shown in Fig. 1. The hemorrhagic spots caused by
intradermal injection from top to bottom with the 0.2 ml
of the mixture of solutions containing the antivenom (in

Table 2 The optimal conditions for freeze-drying the snake antivenom candidate

Stage Modes
Pre-cooling, pre-freeze temperature: 5°C
2 Freeze mode
Temperature: — 50°C, ramp duration: 120 min, soak duration: 420 min
3 Condenser mode/vacuum mode
Condenser cooling: — 55°C, vacuum start value: 75 mTorr
4 Heating mode (primary dry)
Step 1. Temperature: — 10°C, ramp duration: 120 min, soak duration: 1120 min, vacuum: 75 mTorr
Step 2. Temperature: 10°C, ramp duration: 180 min, soak duration: 1200 min, vacuum: 75 mTorr
5 Secondary dry
Temperature: 25°C, ramp duration: 120 min, soak duration: 600 min, vacuum: 15 mTorr
6 Stoppering

Injection N, gas (>99.999%) at vacuum break time, stoppering on — 0.4 Bar

Table 3 Results of the estimation of quality of the lyophilized antivenom candidate

Test items Specification Test 1 Test 2 Test 3
Identification Detect precipitation line Pass Pass Pass
Appearance White or lemon yellow powder Pass Pass Pass
Sterility No observed microorganism Pass Pass Pass
Moisture content (water determination) <3.0% 1.34% 1.38% 1.38%
Uniformity (mass variation test) <10% 6.1% 6.0% 6.4%
Foreign insoluble particle matter No foreign matter in visual (optical particle count-  Pass Pass Pass
ing: over 10 pm <6000 ea./container)
Leakage AP<3.82 2.86 2.93 291
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Table 4 Results .Of collal?orative Test Anti-lethal titer (U/vial) Anti-hemorrhagic titer (U/vial)
study for the anti-lethal titer
and anti-hemorrhagic titer 1? 2b 3¢ 1? 2b 3¢
determination
1 2778 3678 2887 2456 3111 3640
2 3000 3537 2778 2638 3515 2616
3 3000 2900 3000 2956 3111 2957
4 2887 2900 3117 2638 3111 2651
5 2887 3152 3117 2992 3500 2505
6 2887 3609 2494 3515
7 2887 3961 2962 3500
8 2778 3777 2669 3111
9 3117 3678 2983 3500
10 2887 3537 2937 3500
Common potency 2909 3455 2997 2765 3342 2847
95% Confidence interval ~ 2837-2984 3195-3735 2798-3168 2614-2924 3198-3492 2362-3431
Coefficients of variation  3.50 11.00 5.00 7.84 6.16 15.00
General common potency 3131 3000

*National Institute of Food and Drug Safety Evaluation (NIFDS), Korea

bKorea Vaccine co., Korea

“National Institute of Infectious Diseases (NIID), Japan

Fig. 1 Hemorrhagic spots with different sizes are shown in a sym-
metry. The hemorrhagic spots resulted from intradermal injections
of aliquots of 0.2 ml of mixtures of the test snake venom and the
regional reference containing 0.64 U, 0.80 U, 1.00 U, 1.26 U, and
1.60 U of the antivenom (C), whereas the results were from injections
with the antivenom of the candidate in aliquots of 0.2 ml of mixtures
(T), from top to bottom. Bar 10 mm

concentrations of 6.4, 8.0, 10.0, 12.6, or 16.0 U per ml)
were of varying sizes depending on the concentrations of
antivenom. Each EDj5, of the regional reference standard for
antivenom and the candidate was designated in terms of the
concentration of the antivenom inducing the specific size of
hemorrhagic spot (average cross-diameter of 10 mm). The
anti-hemorrhagic titers were presented by relative potencies
to the regional reference standard for antivenom.

Discussion

National regulatory authorities (NRAs) and NCLs play a
central role in ensuring that biological products such as
antivenoms available for use in countries have been care-
fully and thoroughly evaluated against internationally
established standards on quality and safety. These institutes
of government are pivotal to the process of consolidating
systems of regulatory controls for health based on recog-
nized frameworks and technical expertise. WHO guideline
for national authorities on quality assurance for biological
products stipulate that NRAs should guarantee that available
biological products are qualified, safe, and efficacious, and
that manufacturers adhere to approved reference standards
regarding quality assurance. The responsibilities should also
include the implementation of effective national regulations
with the enforcement of the setting of appropriate reference
standards and control measures [15]. Owing to the large var-
iations in venom composition even within a single species,
WHO guidelines for the production control and regulation of
snake antivenom immunoglobulins recommend that national
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reference standard for antivenom be established associated
with the snake venoms, which cover the entire interspecies
variability [13]. Regional reference standard materials also
could be used when countries within a region share a simi-
lar distribution of venomous snakes [13]. The candidate for
the first NRS for Gloydius snake antivenom assessed for
quality in this study was raised against the venom of Gloy-
dius brevicaudus, which was used for establishment of the
second NRS for snake venom [12]. This species is widely
distributed throughout Korea. Many other species in the
same genus of Gloydius also inhabit East Asia, including
Japan, China, and Korea. The venoms from these snakes
were shown to have very high relationships phylogenetically
[16] and similar characteristics on immunoreactivities. The
antivenoms raised against the venoms of these snakes were
capable of neutralizing those of the variants in the same
genus from Korea and Japan [17]. Thus, it is deemed appro-
priate that the venom of G. brevicaudus has been chosen as
an immunogen for raising the candidate for Gloydius snake
antivenom as well as the antivenom product which has been
used for the treatment of Gloydius snakebites in Korea. It
is also considered that the candidate can be used as a ref-
erence standard in regions inhabited by Gloydius snakes,
such as the regional reference standard for Gloydius snake
antivenom established in 2006 [10]. In addition, a reference
standard for antivenom is required to have characteristics
similar to a commercial antivenom product to improve the
accuracy of the quality control tests. Since venom-neutral-
izing efficacy and specificity can only be compared with
antivenom of similar specificity and neutralizing profile
[10]. The candidate was obtained from a batch of the final
bulk of the antivenom product.

In the quality assessment, the results of the quality control
tests, including the preliminary tests on immunodiffusion
assay and immune-electrophoresis, fulfilled the requirements
regarding the specifications [9], which indicated that the
candidate had quality characteristics similar to commercial
antivenom products. The real-time stability tests were per-
formed at Korea Vaccine Co., Ltd. where the candidate vials
in triplicate were maintained at — 20°C for 0, 3, 6, 9, and 12
months. The control limits for monitoring the stabilities of
potencies were set up in the range of 80—120% of the general
common potencies, complying with the quality standard of
other blood derived products [12]. The lower control limits
(LCLs) were 2480 U/ml in the anti-lethal titer and 2400 U/ml
in the anti-hemorrhagic titer. The upper control limits
(UCLs) were 3720 U and 3600 U per ml in the anti-lethal
and anti-hemorrhagic titer, respectively. The results of all
were within the range of 80—120% of the control limits, and
there were no significant differences among the potencies
of the candidates stored at — 20°C for 12 months (data not
shown). These results indicated that there was no statistically
significant loss of the potencies of the candidates according
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to storage time. The time interval and design of the con-
tinuous real-time stability test were according to the WHO
Guidelines [13]. In accelerated stability studies which were
also performed at Korea Vaccine Co., Ltd., the candidate
vials were exposed to harsh thermal conditions (25 +2C
and 37 +2°C in room humidity of 60 +5%) and the stabili-
ties of potencies were assessed over a shorter time span.
The results showed that there was no statistically significant
degradation in potencies of the candidates stored at these
temperatures (data not shown). As a result of the collabora-
tive study, the candidate showed the anti-lethal titer of 3100
Ul/vial and the anti-hemorrhagic titer of 3000 U/vial. Unfor-
tunately, the collaborative study to establish the assigned
potency was conducted at only two Korean facilities and
one foreign facilities in Japan. There is one manufacturer
of snake antivenom in Korea. Moreover, determination of
the anti-hemorrhagic titer is performed routinely for qual-
ity control of antivenom products in only Japan and Korea,
although the anti-lethal titers of the antivenom products are
determined in Japan, Korea, and China as lot-release tests
[10]. However, the discriminating capacity of the present
study was greatly enhanced by assessing the injected animals
over a large number of tests.

This study aimed to establish the first NRS for Gloydius
snake antivenom that will be used in routine quality con-
trol tests by the NIFDS and manufacturers of the antivenom
product in Korea. The NIFDS will secure approximately
2500 vials of the first NRS for Gloydius snake antivenom,
which is sufficient for use over the next 10 years as long
as the potencies are maintained without observation of a
significant decline in their potencies below the control
limit. Approximately 50 vials of the NRS for antivenom
are used in pairs with the NRS for snake venom for differ-
ent purposes, which include routine quality control tests of
antivenom product by manufacturers and national lot-release
tests as well as real-time stability tests in the designed peri-
ods by the NIFDS. Furthermore, the candidate preparation
showed good quality evaluation on the basis of the results
of the estimation for the quality of the candidate and real-
time stability tests. In conclusion, the candidate was judged
to be suitable to serve as the first Korean NRS for Gloydius
snake antivenom.
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