BT T AYHKREE, -8y A0—&
B ABOSREMBOWR A THS. Brayetal (2008)i%, ZDES T D Ochetosoma
Braun, 1901 13 & 8 D Ochetosoma Leuckart and Riippell, 1828 DA€ = AT
- ERATE RV E LT, IRITHEH Renifer Pratt, 1902 2 18{& S &7 L2 L, Leuckart
and Riippell (1828)2% Fi# L 7= & #Ri Ochetostoma TH Y, TN HNBKRE=DL LW
) DIIDFRRBTH D . 7= Bray et al. (2008)1%, Ft4 & L T Reniferidae Pratt, 1902
EEoTWED, EREMMGLARN (540) IZHEV, Z Z Tid Ochetosomatidae
EEALEZ. ABIRILK CEMEBPEATEY, BEY~ETR 2> T
2L, RN LOBARELEZOLND.
Dicrocoeliidae Looss, 1899
Paradistomum megareceptaculum (Tamura, 1941) Yamaguti, 1971
Dicrocoelium megareceptaculum Tamura, 1941
Paradistomum megareceptacum Uchida, Uchida et Itagaki, 1977 (sic)
Paradistomum habui Kagei, 1972
Paradistomum sp. Hasegawa et Iwatsuki, 1984
B vw~l, TAEA T aw, Y~vhHy, =Fhrvby, N7, bHTINT
PFxwvHT
FAEERNL - MBFE - B - 15
SF BA RN, UM, £B, #FEKE, BXRE) , G _
SCHk : Tamura, 1941; Kagei, 1972; Kifune et al,, 1977; PYEft, 1977c; B&)I - &,
1984; FEan il HRAFIEFT, 1999
7 : Paradistomum BIIEN TIL 25, AL P. habui BAOLN TN D, T HDX
%ﬁmowf,meaaamn@,%%F@E%ﬁﬁu&%;@%k%w$,
IERO AN S EENSHE TIIRED3HD 1, BETIEISHO1 LRA~T
W5, LavL, Kagei (1972)FE#%EOEEHICE VT, EREOR SO ORBIZS
TAHLELY, 098-1.54 &£ LTRY, EEORIIFFFICKE V. ANEM (1977) O
R ORRE B TH, FFRKRLIIVZERENDTMIIREL, IRRORS
X, AXORRTIEIHD 1 ERS>TVEHOD, BifFEN TV DIEETRNE
45D 1UFTThHD. BMETRIIER (1999) 1, =FKrvhViCHFELER
BOWHE % P. habui & L THRE L TVWABM, D. megareceptaculum DJFFEHE D H T,
=R AT BETICEH TS Tamura (194)DHRILEREE LTEHEY, MW
AEETH-> TV RNWL 0D, FEE R EERETATRELY b/hsL, IR
BOEXIIER4AHO1RE, EXs5H01 &0 bEL, LROEZETIRET
X720, BB - HH (1984) bHF v T TRONSEABDORBOFRE
LKA TS, ZHNETOREMBEELICE DTV, BREOKEEZE
25k, INOLEABLRIOPZYLEDND. BEIIBVTY, 71‘5??@1’)‘ N
~EPRBIOZ Y Y ~EBEOLEOREIZESE L TV 5 (Fischthal and Kuntz, 1975) .
Mesocoeliidae Dollfus, 1929 '
Mesocoelium brevicaecum Ochi in Goto et Ozaki, 1929

Mesocoelium elongatum Goto et Ozaki, 1929



Mesocoelium lanceatum Goto et Ozaki, 1929
Mesocoelium ovatum Goto et Ozaki, 1930
Mesocoelium pearsei Goto et Ozaki, 1930
Mesocoelium minutum Park, 1939
Mesocoelium dubium Yuen, 1965
BE : =t
FEERAL - 15
S BAR, XhF LA, wL—UT
STk : S, 1930; &3, 1963 ,
FEAREIL< OMAREE —HORHREIZFA L TWD. BNIZET D Mesocoelium
JBAIZ 2T, Freitas (1963)iX M. geoemydae SN D TFEa% 1 FEIZE L, KBD 2
R BARIZSHT S & L. £ 0% Odening (1968)i%, Freitas D RAR%Z 31T A7
2, M. japonicum Goto and Ozaki, 1930 23/ = LB DEHFEEL, ~L—7
ERBNF AL RO T BEEAREICE V-, 2 2 T Odening 125> T\ 5.
ZRBAEM (1977a) b, M japonicum ZARFELIIBPIFEEL LTW5D. L LERSI
(1984) X, TNHLOEENRTRNTEZ IBIIBOV WA LY IREBLTRY, &
WY THASH. F7z, Hasegawa (1990)1F, AENNT Mo RREINIT EBTH
B0, BIHDEY THS.
Mesocoelium geoemydae Ozaki, 1936
Mesocoelium-geomydae Zerecero, 1950; Yamaguti, 1971 (sic)
BE: EANT
FAEN - /NG
5% BA (BEKRE, HRE)
ik - E(1977¢) o
T B 202U HATRONSZN, TOHRE ANTHLE&EINTE.
Opisthorchiidae Looss, 1899
- Qesophagicola laticaudae Y amaguti, 1933
EEx . vutyIay
FAEEAL - B
A AR (RES)
SCHR : Yamaguti, 1933; &3, 1963
Hemiuridae Looss, 1899
Pulmovermis cyanovitellosus Coil et Kuntz, 1960
Laticaudatrema amamiensis Telford, 1967 v
BE:TT77UINE
FAEA : RE - B - [E
o BA (BEHEB) , B (W)
SR : Coil and Kuntz, 1960; Telford, 1967
o R 2BEIIMT L CRE SN, Yamaguti (197D INbE2 T/ =AIZE
LAY



Liolopidae Odhner, 1912
Harmotrema laticaudae Yamaguti, 1933
BE: bt UIny, =577 INE
Ee R VAN
53 BAR GiREIIS)
3Cik : Yamaguti, 1933; Telford, 1967
B ORTE A
Ophiotreminoides orientalis Coil et Kuntz, 1960
BE . TAETUINE
FARAL /MG
5A Bl (B
3C#K : Coil and Kuntz, 1960
Cryptogonimidae Ward, 1917 ,
Acanthostomum marinum (Coil et Kuntz, 1960)
Ateuchocephala marinus Coil et Kuntz, 1960
BE:xT77 Uit
FHERAL - /DG
oA /e ()
ik : Coil and Kuntz, 1960
Proterodiplostomidae Dubois, 1936
Proalarioides serpentis Y amaguti, 1933
BE: Vw~lE, YIIAY, =hrvhy
AN : 15
Sf 0 BAR
SCHR : Yamaguti, 1933; &3, 1963; FEmilE P RATZEAT, 1999
7 : Yamaguti (1936)I3EBRMICT A F A ¥ a VITRESETL.
Diplostomatidae Poiriebr, 1886
Pharyngostomum cordatum (Diesing, 1850) FARIR Bghth (A F LT Y T)
Pharyngostomum sp. Hasegawa et Iwatsuki, 1984; Hasegawa, 1985
BE: VAL, FRAHTY, ¥Xvvw~F T, HTAENRT, EANT
FAEWA B, A, BEE,  ONB, B
SH L TYVT, I—aysR, TI7UAD -
SCER : NHEL, 1977b; BRI - B, 1984; B4, 1985; Fischthal and Kuntz, 1975
I BETOREIIVTR Y, Pharyngostomum sp. & L TRE SN TE Y, HE
TARERALR TS, —F, BIRLEBTE, ABLAESATNEO
T, JITCERHHEBOLDOLRBIZEVWZ. EROFEMAMAT, »oIICAST
WBDIE, AETORETHD. KEZIXITHD.
Didymozoidae Monticelli,1888
type Torticaecum Yamaguti, 1942 %1
BE: /vy Int



T NG

oA B, BB, KETV7T

SCHR : Fischthal and Kuntz, 1975

F b b ARSI EIERBARKADOREINEZLDOT, ~ETHICE D)
5. B0y I~EOREE, BETOLOTHS. 2B, ZOLHEILED
WS ODHLED1LOTHY, BREDHALDORERYIIFATH-T, B
BITRE TE RV, LIXUIE Torticaecum nipponicum & L TER ENTW52,
INEBEEODERTOREL LEZ D& TIIR\ (Bray et al., 2008)

2. FEHDOY X b
VasaaN =
Allopharynx japonica Tamura, 1941
Encyclometra japonica Y oshida et Ozaki, 1929
Paradistomum megareceptaculum (Tamura, 1941)
Mesocoelium brevicaecum Ochi in Goto et Ozaki, 1929
Proalarioides serpentis Yamaguti, 1933
Pharyngostomum cordatum (Diesing, 1850) 41
Ochetosoma sp.
THEAay
Paradistomum megareceptaculum (Tamura, 1941)
YHA '
Encyclometra japonica Y oshida et Ozaki, 1929
Paradistomum megareceptaculum (Tamura, 1941)
Proalarioides serpentis Yamaguti, 1933
Pharyngostomum cordatum (Diesing, 1850) %hH
=R LAY
Encyclometra japonica Yoshida et Ozaki, 1929
Paradistomum megareceptaculum (Tamura, 1941)
Proalarioides serpentis Yamaguti, 1933
INT
Paradistomum megareceptaculum (Tamura, 1941)
2w
Paradistomum megareceptaculum (Tamura, 1941)
EANT
Mesocoelium geoemydae Ozaki, 1936
Pharyngostomum cordatum (Diesing, 1850) 14

HI AT
Pharyngostomum cordatum (Diesing, 1850) %hH
VA e de

Paradistomum megareceptaculum (Tamura, 1941)



Pharyngostomum cordatum (Diesing, 1850) %hH
TTTUINE
 Pulmovermis cyanovitellosus Coil et Kuntz, 1960
Harmotrema laticaudae Yamaguti, 1933
Acanthostomum marinum (Coil et Kuntz, 1960)
| == AN o
Oesophagicola laticaudae Y amaguti, 1933
Harmotrema laticaudae Yamaguti, 1933
TAZHETTIANE
Ophiotreminoides orientalis Coil et Kuntz, 1960
7oy Iy
type Torticaecum Yamaguti, 1942 %

i
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sl L T ET
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1. Paradistomum megareceptaculum @) B|5E {E D L&

Table 1. Comparisons of measurements (mm) of Paradistomum megareceptaculum

55

Tamura  Kifune etal. HRHEIEN  Kagei =3 b B8 - Bk

BE URAE, EHTAFAan Y ThHHS T, bHSNT 2RV LL XTS5

FEISH BE BE /DG aE fBE [EE EE BEE

Eh LE-LUO B[ BE BEEXAE.EEERE BRE

*®E 6.25~9.4 8.3~95 35~42 4.64~6.56 39~6.3 46

{kig  2.00~280 2.8~38 1.75~23  1.88~3.16 1.0~23 1.8

amAE  04~08 0.73~0.82 0.6~0.7 0.52~0.76 0.54
0.6~0.82 0.78~0.85 05~055 0.54~0.76 0.51

Rk AE  06~0.73 0.57~064 075~0.82 0.60~0.89 0.40
055~0.82 0.67~0.74 055~0.68 0.56~0.89 0.46

IHEE 0.15~0.24 0.26~0.30 0.15~0.17 0.18~0.26 0.15
0.18~0.24  0.29~0.32 . 0.18~0.26 0.13

B8 0.13~0.17  0.04~0.07 0.043~0.0510.04~0.18 0.19

fe¥FE 055~08 0.51~0.67 0.24~0.40 0.35
0.25~0.4 0.25~0.33 0.16~0.24 0.24

R 045~1.08 0.91~122 045~047 0.37~0.78 0.22~0.32
05~1.0 0.70~1.02 0.28~0.37 0.38~0.84 0.11~0.13

ORE 0.25~046 0.36~043 0.22 0.22~0.32 032
0.33~051  0.41~0.58 0.26~0.42 0.19

ZHEE  06~085 1.16~163 034 0.70~0.96
0.55~1.0 1.02~156 0.23. 0.62~1.14 ,

B 0.044~0.048 0.046~0.055 0.048~0.0530.053~0.058 0.055~0.056
0.03~0.032  0.027~0.030 0.030~0.0350.029~0.032 0.028~0.029

L IEA2BRICHE-STVADIE, EBAES, FTERAE
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SUMMARY: We report the results of the first large-scale questionnaire surveillance on the clinical use
of pit viper antivenom in tertiary care centers in Japan. The questionnaire surveillance was conducted
over a period of 3 years (April 2006 to March 2009). Completed questionnaires were received from the
tertiary care centers of 108 (49.3%) medical institutions. In that period, 574 cases of pit viper bites, in-
cluding 2 severe cases, were reported. Antivenom was administered in 44% of the cases of pit viper
bites, and of these cases, 2.4% had adverse reactions but no severe symptoms. Approximately half of
the clinicians indicated that antivenom was effective. Antivenom was recognized to be safe; however,
the remarkable finding was that although the severity of treated cases was unclear, some clinicians
reported using cepharanthine as the first choice of treatment for pit viper bites.

INTRODUCTION

Japanese mamushi, Gloydius blomhoffii, a species of
pit viper distributed throughout Japan excluding Ryu-
kyu Islands, is sighted from spring to autumn. It is im-
portant that many people are bitten by this pit viper in
the mountains and fields of rural Japan. The annual
number of pit viper bites remains unclear because there
is currently no system to report pit viper bites to the
public health department in Japan. Some reports esti-
mate the number of pit viper bites to be 1,000 with 10
deaths annually (1).

Fatalities due to pit viper bites are generally low, but
severe cases involving cardiac, pulmonary, and/or renal
dysfunction can be lethal (2-4). These symptoms are
caused by the snake’s venom, which has lethal and
hemorrhagic activities (5). Passive immunization
against the venom is crucial for the clinical treatment of
bites. Antivenom can neutralize both the hemorrhagic
and lethal activities of venom. However, since they are
derived from horse serum, these exogenous serum
products frequently cause shock and anaphylaxis (6). A

satisfactory treatment strategy has been proposed on the

basis of the progress of symptoms following pit viper
bites (1). An essential and rationalized therapy for se-
vere cases of pit viper bites is rapid intravenous adminis-
tration of antivenom. Therefore, antivenom should be
administered to the snakebite victim safely and quickly.
The annual antivenom production in Japan is 3,000

*Corresponding author: Mailing address: Division of Criti-
cal Care Medicine and Trauma, National Hospital Organi-
zation Disaster Medical Center, 3256 Midoricho, Tachi-
kawa, Tokyo 190-0014, Japan. Tel: +81-42-526-5511,
E-mail: hitoru@tdme.hosp.go.jp
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doses, which is gradually decreasing because of the
limited opportunity for use (7).

Any snakebite victim should immediately visit a
hospital’s emergency department, unless the snake has
been positively identified as nonvenomous, bécause of
the potential lethal effects of snake venom. We conduct-
ed this survey to elucidate the number of snakebite cases
and related therapy in-tertiary care centers in Japan.
This is the first large-scale questionnaire surveillance on
the clinical use of pit viper antivenom in tertiary care
centers in Japan. :

We received reports of 574 cases of pit viper bites, in-
cluding 2 severe cases, from tertiary care centers of 67
medical institutions. Antivenom was administered in
44% of pit viper bite cases, and adverse reactions to the
serum were reported in only 2.4% of cases, with no se-
vere symptoms.

METHODS

We used a newly designed questionnaire to survey the
clinical use of pit viper antivenom at all 219 tertiary care
centers in Japan. The questionnaire was sent in October
2009. The completed questionnaires were collected wi-
thin 3 months. The content of the questionnaire is pro-
vided in Table 1. The questionnaire surveillance was
conducted for a period of 3 years (April 2006 to March
2009).

RESULTS

Completed questionnaires were received from the ter-
tiary care centers-of 108 (49.3%) medical institutions
that reported 574 cases of pit viper bites, including 3
cases of complications. Among the centers that
responded, 67 reported having treated cases of pit viper



Table 1. Questionnaire on the clinical use of pit viper antivenom

1. How many pit viper bites have you treated in the last 3 years?
2. Please select two or three grounds listed below for the diagnosis of
a pit viper bite. ’
(1) identification of the pit viper, (2) appearance of the bite, (3)
clinical judgment, (4) declaration of the patient, (5) local signs, (6)
systemic signs, and (7) hematological parameters.
3. How many doses of antivenom were used for treating pit viper
bite(s)?
4. What was the outcome of the pit viper bite(s)?
5. Did you encounter serum sickness and/or adverse reaction to an-
tivenom in any patient? Could you tell us the outcome of the same?
6. Did you use drugs other than antivenom for treating the pit viper
- bite(s)? (1) Cepharanthine, (2) Others.
7. What do you think of the effectiveness of antivenom?
(1) Effective for both severe and mild cases
(2) Effective for only severe cases
(3) Ineffective
(4) Other
8. What do you think of antivenom utility?
(1) Essential
(2) Can be used only for severe cases
(3) Is an alternate drug
(4) Other

bites, and 52 (78%) of these centers reported ad-
ministering antivenom in 253 cases. (

Respondents were asked to rationalize their diagnosis
of pit viper bites based on the following 7 criteria: (1)
identification of the pit viper, (2) appearance of the bite,
(3) clinical judgment, (4) declaration of the patient, (5)
local signs, (6) systemic signs, and (7) hematological
parameters. The responses are summarized in Fig. 1.
Among the 7 criteria, criterion 4 was most commonly
used for establishing a diagnosis; the other commonly
used criteria included 2, 1, 5, 6, 7, and 3, in decreasing
order of frequency. Criteria 4, 2, 1, and 5 accounted for
90% of diagnoses.

The distribution of cases of pit viper bites in each ter-
tiary care center is illustrated in Fig. 2. The geometric
mean number of cases in these centers was calculated to
be 5.3 cases. The care centers were classified into 3
groups based on the number of cases reported: (i) no
case, (ii) less than 10 cases, and (iii) more than 10 cases
(Fig. 2). Among the 108 centers that responded, 41 had
no cases, 50 had less than 10 cases, and 17 had over 10
cases.

Following antivenom treatment, 6 cases including 2
severe cases from K. Red Cross Hospital were reported
as having adverse effects. We reconfirmed the details of
the 2 severe cases, which experienced mild anaphylaxis
with rapid recovery. No cases of severe adverse reaction
were observed.

Other than the pit viper antivenom, cepharanthine
(CEP) was administered in 52 centers, which coincided
with the number of institutions where antivenom was
administered. While the severity of cases in which an-
tivenom was administered remains unclear, CEP
without antivenom was administered in 17 cases. That
is, CEP was the first choice for treatment of pit viper
bites in these 17 cases, even though the details of these
cases are still unclear.

Declaration of the patient Z
Hematological parameters %
S—— %
Local signs. /
Identification of the pit viper A
Appearance of the bite %
Clinical judgmant | 0 %

T T T LS

20 490 60 80
Percentage of respondents

=)

Fig. 1. Criteria for the diagnosis of pit viper bites. Respondents
were asked to rationalize their diagnosis of pit viper bites based
on 7 criteria. The percentage of respondents for each criterion
is presented.
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Fig. 2. Distribution of pit viper bite cases at each tertiary care
center. The number of cases of pit viper bites at each tertiary
care center is presented.

[ Effective for severe and mild cases
- Effective for severe cases
Ineffective

Other

B No answer

13%

1%

22%

Fig. 3. Effectiveness of antivenom treatment. The responses
evaluating the effectiveness of antivenom for pit viper bites
were placed in the following 5 categories of answers: (i) effec-
tive for severe and mild cases, (ii) effective for severe cases, (iii)
ineffective, (iv) other; and (v) no answer.

Antivenom was effective in 46% of cases of pit viper
bites, but was not considered entirely effective in 13%
of cases, and further study is required for evaluation of

\



[ Essential
Use for severe cases
Alternate drug

Other

No answer

0
o%% 21%

___—‘—’/
18%

Fig. 4. Necessity of antivenom treatment. The clinicians’ evalua-
tion of the necessity of antivenom use for pit viper bites were
assigned to the following 5 categories: (i) essential, (ii) use for
severe cases, (iii) alternate drug, (iv) other; and (v) no answer.

its efficacy (Fig. 3).

Over 70% of the clinicians answered that they consi-
dered it necessary to use the antivemon for treating pit
viper bites, whereas 6% considered the evidence incon-
clusive and could not evaluate its necessity because of
the lack of experience in the use of antivenom during the

“past 10 years (Fig. 4).

DISCUSSION

Snakebites are not systematically reported in most
countries. Moreover, very few countries possess a relia-
ble epidemiological reporting system capable of provid-
ing precise data on snakebites (8). This survey is the first
large-scale questionnaire surveillance on the clinical use
of pit viper antivenom in tertiary care centers in Japan.
It was difficult to estimate the total annual number of
pit viper bite cases from our surveillance because of the
lack of surveillance power as not all pit viper bite cases
are transferred to tertiary care centers in Japan.
However, questionnaires were received from approxi-
mately half of the tertiary care centers, and 574 pit viper
bite cases during the 3 years of the study were reported.
Therefore, approximately 400 cases of pit viper bites
would be expected annually in all tertiary care centers in
Japan. ‘

The remarkable finding is that although the degree of
severity of cases was unclear, some clinicians answered
that CEP was their first choice for treatment of pit viper
bites. Other centers reported adopting CEP as their
first-line therapy because previous studies had suggested
adverse reactions in patients receiving antivenom and
because the efficacy of the antivenom had not been
proven. CEP is a biscoclaurine (bisbenzylisoquinoline)
amphipathic alkaloid isolated from Stephania
cepharantha Hayata. CEP or extracts from this plant
are widely used, primarily in Japan, to treat a variety of
acute and chronic diseases. Conditions treated with
CEP include alopecia areata (9), radiotherapy-induced
leucopenia (10), malaria (11), and septic shock (12).
Other pharmacological activities mediated by CEP in-
clude inhibition of plasma membrane lipid peroxidation
that leads to membrane stabilization (13), inhibition of
histamine release (14), immunomodulation (15), anti-
allergic effects (16), anti-inflammatory effects (17), an-
ti-HIV effects (18), inhibition of platelet aggregation
(19), and antitumor activity (20).

375

CEP has not been reported to neutralize circulating
venom. Discussions on this subject took place almost 15
years ago, and it must be confirmed that CEP does not
neutralize pit viper venom (21,22). No reports outside
Japan recommend CEP for the treatment of pit viper
bites (23). The legal ramifications for a doctor failing to
administer antivenom to a pit viper bite victim also re-
quire consideration (21).

Venom sometimes causes human death, and the only
antidote that can neutralize circulating venom is an-
tivenom, which consists of concentrated immunoglobu-
lins from the plasma of domestic animals such as the
horse that has been repeatedly immunized with one or
more different snake venoms. These immunoglobulins
specifically target venom toxins. After intravenous in-
jection of the venom into the snakebite patient, the an-
tibodies bind and neutralize venom toxins, thereby
preventing and, in some cases, reversing the dangerous
effects of envenomization. However, antivenoms them-
selves can cause complications, including potentially
fatal anaphylactic shock. Incorrect risk-benefit assess-
ment can lead to the unnecessary use of antivenom in
patients with mild symptoms. According to our survey,
mild complications occurred in only 2.4% of cases, and
hence, antivenom was considered clinically safe. This
incidence rate is one-fifth of that reported in clinical tri-
al data (3) and in a previous study (24).

Approximately half of the clinicians mentioned that
antivenom was effective and useful in patients with pit
viper bites. Furthermore, there is the case report of a pit
viper bite victim who initially presented with mild sym-
ptoms in the emergency department, but developed mul-
tiple organ failure a few days later, because antivenom
had not been administered. However, as some clinicians
mentioned, there are no prospective studies evaluating
the clinical effect of antivenom. This large-scale ques-
tionnaire surveillance documented the relative safety of
using antivenom. Future prospective, observational,
multi-center studies should take into account patient
characteristics such as age, gender, clinical severity, an-
tivenom administration, intensive care unit stay,
hospital stay, outcome, and complications. :
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SUMMARY: Yamakagashi, Rhabdophis tigrinus, is a natricine snake widely distributed in eastern
Asia. Severe bite cases, some with fatal outcomes, occur regularly in Japan. Because previous produc-
tion of R. tigrinus antivenom in rabbits and goats was quite effective, we considered the experimental
manufacture of a new antivenom against R. tigrinus in horses. This new antivenom could be used in
emergency treatment of snakebite victims. Two horses were immunized with venom extracted from
about 500 snakes. After an adequate increase of the antivenom titer, serum was collected and subjected
to standard purification procedures for the manufacture of equine antivenoms. The purified im-
munoglobulin fraction was freeze-dried in 1,369 vials under optimum conditions for therapeutic use.
This antivenom proved to be very potent in neutralizing the coagulant and hemorrhagic activities of the
snake venom. In cases of severe bites, this antivenom was used and recognized as effective even after the

occurrence of severe symptoms.

INTRODUCTION

Yamakagashi, Rhabdophis tigrinus, is a natricine
snake widely distributed in eastern Asia including most
parts of China, the mountainous areas of Taiwan,
Korea, southern Primorsky in Russia, and Japan. In
Japan, this species is very common, mainly in paddy
fields on the major islands, except Hokkaido. Because
this snake has no grooved fangs, envenomation does not
occur in most bites; therefore, this snake has long been
considered non-venomous. In recent years, however,
several cases of fatal coagulopathy following R. tigrinus
bites have been reported (1,2). R. tigrinus venom shows
strong coagulant activity on plasma, with prothrombin
activating effects and weak thrombin-like effects. These
results suggest that the extensive hemorrhage induced by
envenomation is due to hypofibrinogenemia induced by
the coagulant activity of the venom (3,4). Antivenoms
produced by immunization of rabbits and goats have
been used successfully to treat emergency cases of R.
tigrinus bites (5-11). Since the current lots of these an-
tivenom products are in low supply, we prepared a new
lot of R. tigrinus antivenom by immunizing horses.
Several methods have been proposed to collect venom
from colubrid snakes (12). However, the posterior-most
teeth of R. tigrinus are ungrooved, and this makes it
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difficult to collect sufficient venom to immunize two
horses. Therefore, we collected the venom for immuni-
zation from the excised venom glands of many snakes.
Goats and horses were the preferred candidate species
for immunization, because a large quantity of plasma
for antivenom production could be obtained from these
species. Horses were selected for immunization because
all antitoxins manufactured in Japan are of equine ori-
gin, and hence, there is much clinical expertise in the
manufacture of equine antitoxins; in addition, horses
have no known zoonoses. Furthermore, the experimen-
tal method developed in this trial can be applied in other
countries with R. tigrinus and/or related species.

MATERIALS AND METHODS

Collection and preparation of R. tigrinus venom:
Venom was extracted from excised Duvernoy’s glands,
following methods described previously (3,5,9,13).
About 500 heads of R. tigrinus were collected in Hon-
shu and Kyushu, Japan, and Duvernoy’s glands, weigh-
ing about 90 g in total, were excised. The glands were
frozen at —80°C and homogenized in purified water.
The homogenate was centrifuged at 10,000 X g for 20
min and the supernatant was harvested. Then the
precipitate was resuspended in purified water. After the
extraction procedure was repeated 2-3 times, the super-
natants were combined for use as the venom extract.
The extract was purified by freeze-drying, reconstituted
with purified water, and centrifuged to remove insolu-
ble mucus material. Then the purified extract was
freeze-dried again, yielding 11 g of purified venom for
use as the live venom for immunization.



The venom was detoxified with formalin by adding
0.1 g of L-lysine hydrochloride to 100 mL of 5 mg/mL
live venom solution. Then, two 0.5-mL aliquot of for-
malin (37% formaldehyde) were added to the mixture at
7-day intervals, and the mixture was maintained at 37°C
for 2 weeks. The excess formalin was removed by dialy-
sis. The absence of residual toxicity was confirmed by
intracutaneous injection into rabbits and by intravenous
injection into mice. The venom was coupled with lipo-
somes (45 mg lipid/mL) composed of dipalmitoylphos-
phatidylcholine, dipalmitoylphosphatidylethanolamine,
cholesterol, and dimyristoylphosphatidylglycerol by
generating glutaraldehyde cross-links between the ami-
no groups of the liposomes and the venom (liposome-
treated venom toxoid) (14). Briefly, 0.5 mL of the 2.5%
glutaraldehyde solution was added to a 2.5-mL suspen-
sion of 5 mg live venom in 90 mg of liposomes, and the
mixture was stirred at 37°C for 30 min. To block excess
aldehyde groups, 0.5 mL of 3 M glycine-NaOH (pH,
7.2) was added and the mixture was left overnight at
4°C. Then the mixture was applied to a CL-4B column
to remove the non-liposome-bound fraction, and the
liposome-bound fraction (liposome-treated venom tox-
oid) was isolated for use in immunization. Detoxifica-
tion was confirmed by the same procedure as that speci-
fied for formalin-detoxified venom.

Immunization: Two Thoroughbred horses were im-
munized with the R. figrinus venom toxoid, one by the
method currently recommended for manufacturing

Habu (Protobothrops flavoviridis) and Mamushi (Gloy-

dius blomhoffii) antivenom, and the other by the
method reported for liposome-treated antigens (15).

(i) Immunization according to the current procedure
(Animal 1313): Formalin-detoxified R. tigrinus venom

Healuhy horze

Yanom~iniection

Bleod coilsotion

l(:rnde antivenom materiel

(5 mg/mL) was mixed at a 1:1 ratio with incomplete
Freund’s adjuvant to prepare an immunizing solution
(2.5 mg/mL). The horse was immunized by subcutane-
ous injection of 2 primary doses of 10 mL of the detoxi-
fied venom-adjuvant mixture at a 1-week interval. After
1.5 months, the animal was given 3 subcutaneous
booster doses of 5 mL of the detoxified venom without
the adjuvant (5 mg/mL) at weekly intervals. Twenty
days later, the horse was given, 8 escalating subcutane-
ous secondary booster doses of 1, 5, 10, 20, 50, 250, and
500 mg (x2) of the live venom without the adjuvant.
The doses were modified according to-the health of the
horse and the increase of the blood antivenom titer. Af-
ter the titer increased in the 4th month of immunization,
four 5-L aliquots of blood were collected at weekly in-
tervals during the 5th month. About 9 L of serum was
separated from the 20 L of collected blood.

(ii) Immunization with a liposome-treated antigen
(Animal 1319): The horse was immunized with 3 prima-
ry doses of 10 mL of liposome-treated R. tigrinus ven-
om toxoid by subcutaneous injection at weekly inter-
vals. After 1 month, the animal was subcutaneously in-
jected with 7 escalating booster doses of 1, 10, 50, 250,
and 500 mg (X2), and 1,000 mg of the live venom
without the adjuvant. The doses were modified accord-
ing to the health of the horse and the increase of the
blood antivenom titer. The antivenom titer gradually in-
creased from the first month of immunization and
showed a rapid rise during the 3rd month. Five 5-L ali-
quots of blood were collected at weekly intervals during
the 4th and 5th months. About 9.5 L of serum was sepa-
rated from the 25 L of blood thus collected.

Neutralization test (determination of the antivenom
titer): (i) Determination of antihemorrhagic activity (by
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Fig. 1. Procedure of purification of Rhabdophis tigrinus antivenom.
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intracutaneous injection into rabbits): Ten minimum
hemolytic doses (MHD; 1 MHD is defined as the in-
tracutaneous dose inducing an ecchymosis with a di-
ameter of about 10 mm in rabbits) of R. tigrinus venom
was mixed at a 1:1 ratio with 2-fold serial dilutions of
the antivenom. Each mixture was allowed to stand at
room temperature for 1h, and then a 0.2-mL aliquot
was administered to a rabbit by intracutaneous injec-
tion. After 18-24 h, the injection site was examined.
The dilution that neutralized the hemorrhagic activity of
R. tigrinus venom was used to calculate the neutralizing
antibody titer of the antivenom.

(ii) Determination of anticoagulant activity: A
0.05-mL aliquot of the diluted antivenom was mixed
with 0.05 mL of various concentrations of R. tigrinus

" venom and incubated at 37°C for 30 min. To each mix-
ture, we added 0.1 mL of CaCl, solution and 0.1 mL of
normal rat plasma. Mixtures of various concentrations
of R. tigrinus venom with CaCl, solution and normal
rat plasma served as controls. A dose-response curve
was prepared using the clotting times determined in the
test and control systems and the concentrations of the
venom solutions. The neutralizing antibody titer of the
antivenom was calculated as the dose of venom inducing
coagulation after 20 s (4,9,16).

Purification of R. figrinus antivenom: As shown in
Fig. 1, R. tigrinus antivenom was purified according to
the procedure currently adopted for other equine an-
tivenoms to ensure that the quality of this antivenom
was equivalent to that of other marketed antivenom
products.

RESULTS

Response to immunization with R. tigrinus venom:
Serial serum samples obtained from the 2 immunized
horses were monitored for antivenom titer in terms of
antihemorrhagic activity after intracutaneous adminis-
tration to rabbits and anticoagulant activity.

In Animal 1313 (immunized by the current proce-
dure), the serum antivenom titer slowly increased after 5
injections of formalin-detoxified venom and showed a
marked increase after booster immunization with es-
calating doses of live venom (Fig. 2). In Animal 1319
(immunized by the liposome-treated antigen method),
the serum antivenom titer showed a rapid increase after
the 5th booster dose of live venom that followed 3 pri-
mary doses of liposome-treated venom toxoid (Fig. 3).

Purification of R. tigrinus antivenom: Serum isolated
from 9 blood samples collected partly from the 2 horses
was combined. Distilled water was added to 18.5L of
crude serum to adjust the protein concentration to 3%
(pH 4.2). Pepsin was added to the diluted serum at a fi-
nal concentration of 0.1%, and the mixture was allowed
to stand overnight at 37°C. After adjusting the pH to
4.5 and addition of ammonium sulfate at a final concen-
tration of 15%, the serum was inactivated by heating at
56°C for 1 h. After centrifugation, the supernatant was
collected and adjusted to a pH of 7.0, and ammonium
sulfate was added at a final concentration of 20%. Then
the precipitate was extracted with distilled water, and
the extract was dialyzed against 0.85% saline. Sodium
glutamate (2%) and NaCl (0.85%) were added to the ex-
tract to obtain 7.1 L of immunoglobulin. Subsequently,
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immunized by liposome-treated venom (Animal 1319).

5-mL aliquots of this extract were added to 20 mL vials
and freeze-dried to prepare 1,369 vials of R. tigrinus an-
tivenom (Lot# 0001).

Testing of R. tigrinus antivenom: (i) Assessment of
purity: (i-i) Cellulose acetate membrane electrophoresis
(Fig. 4): The purity of the final R. figrinus antivenom
product was determined by cellulose acetate membrane
electrophoresis. Analysis of the crude serum revealed
peaks of albumin and globulin, whereas the purified an-
tivenom only showed peaks of immunoglobulins (y-
globulin and T-globulin) with no evidence of albumin.

(i-ii) Immunoelectrophoresis (Fig. 5): The purity of
R. tigrinus antivenom was determined by immunoelec-
trophoresis using goat anti-(horse whole serum) antise-
rum. The crude serum was almost completely composed
of horse plasma proteins that reacted with the goat an-
tiserum. In contrast, the final antivenom product was of
high purity and only showed bands for immunoglobu-
lins (y-globulin and T-globulin) with no albumin band.

(i-iii) Determination of potency: (i-iii-i) Determina-
tion of antihemorrhagic activity (by intracutaneous ad-
ministration to rabbits): Each milliliter of a 120-fold di-
lution of R. tigrinus antivenom reconstituted with 5 mL
of distilled water could neutralize 22.4 ug of R. tigrinus
venom. This indicates that each vial of the Freeze-dried
R. tigrinus Antivenom, Equine (Lot# 0001) has the abil-
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Table 1. Property of freeze-dried anti-Yamakagashi, equine
antivenom :

Item Results (Lot# 0001)D

Moisture content pass (0.32%)

pH pass (7.10)
Protein content pass (30.8 mg/mL)
Sterility pass (No organisms)

Test for freedom from
abnormal toxicity

Pyrogen test
Potency test
Anticoagulant activity

pass (Normal)

pass (0.39°C [2 rabbits])

Each vial neutralized 4 mg
of venom

Each vial neutralized 13 mg
of venom

Antihemorrhagic activity

D: Performed at the National Institute of Infections Diseases,
Tokyo, Japan.

ity to neutralize the hemorrhagic activity of about 13 mg
of R. tigrinus venom (Table 1).

(i-iii-ii) Determination of anticoagulant activity:
Each milliliter of R. tigrinus antivenom reconstituted
with 10 mL of distilled water was able to neutralize 431
ug of R. tigrinus venom. This indicates that each vial of
the Freeze-dried R. tigrinus Antivenom, Equine (Lot#
0001) is able to neutralize the coagulant activity of
about 4 mg of R. tigrinus venom (Table 1).

(i-iv) Other tests: The final R. tigrinus antivenom
product was also tested to define its general pharmaceu-
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tical properties (moisture content, pH, protein content,
sterility, test for freedom from abnormal toxicity, and
pyrogenicity) as specified for other freeze-dried equine
antivenom products in the Minimum Requirements for
Biological Products of Japan (19). The Freeze-dried R.
tigrinus Antivenom, Equine (Lot# 0001) was shown to
be equivalent in quality to the marketed equine antiven-
om products (Table 1).

.DISCUSSION

Antitoxins for some snake venoms and marine animal
poisons are not commercially available in Japan because
the incidence of envenomation is too low to motivate
pharmaceutical manufacturers to develop such products
despite the potential fatal effect of a bite/sting (17).
Although R. tigrinus has a wide distribution, severe
bites by this sneak are recorded only in Japan. The de-
velopment and manufacture of an antivenom in horses
will be helpful in emergency treatment of snakebite vic-
tims. R. tigrinus antivenom has been experimentally
manufactured for emergency use by immunizing rabbits
and goats, and this antivenom has been successfully
used to treat R. tigrinus bites (5-11). However, these an-
tivenoms were not made by a manufacturer of biologi-
cal products but by regional health laboratories without
any special equipment. Therefore, there were concerns
about the sterility and safety of these products, which
were manufactured without strict quality control or
quality assurance, even though all of them proved to be



very effective in controlling coagulopathy after R. tigri-
nus envenomation. At the time of manufacture of the
Freeze-dried R. tigrinus Goat Antivenom in 1987 (Lot#
3; Japan Snake Institute), it was confirmed that the pro-
tein nitrogen (PN) content was 4.226 mg/mL and that
each milliliter neutralized 2,028 ug of R. tigrinus venom
(specific activity, 480 ug-venom/mg PN). The potency
of this product was determined in 2000 (13 years after
manufacture) and was found to be about half the initial
potency, because each milliliter of antivenom could only
neutralize 1,110 ug of R. tigrinus venom (specific activi-
ty, 263 ug-venom/mg PN).

The antivenom reported here was very effective for
treating a R. tigrinus bite in a 5-year-old boy, who was
given the product with the consent of his parents and
physician in July 2001 (the year after manufacture) (18).
The patient was bitten on his left index finger by a snake
and immediately developed disseminated intravascular
coagulopathy (DIC). The bite showed bleeding with sur-
rounding ecchymoses, and the finger became swollen.
On the following day, epistaxis occurred. After failure
of initial empirical treatment with equine Mamushi (G.
blomhoffii) antivenom, the patient was treated by plas-
ma exchange and equine Yamakagashi (R. tigrinus) an-
tivenom after abnormalities of coagulation were detect-
ed. Six hours after receiving the R. tigrinus antivenom,
all laboratory data were normalized and his coagulopa-
thy improved.

In the second case in which the present antivenom was
used, a 14-year-old boy was bitten on his right middle
finger by R. tigrinus while handling the snake in a field
in August 2005 (Satake, personal communication).
About 12 h after the bite, the boy showed .continuous
bleeding at the wound site and had a tendency to de-
velop DIC. The area around the bite showed ec-
chymoses in addition to the bleeding, and the finger
became swollen. One vial of the antivenom was ad-
ministered to the patient 24 h after the bite, and 30 min
later, the continuous bleeding stopped. At 3 h after
receiving the antivenom, all laboratory data were nor-
malized, except the value of fibrinogen, which improved
the next morning. In both cases, no side effects were de-
tected. '

The R. tigrinus antivenom produced by immunized
goats was also shown to be effective against snakebite,
even when administered after coagulopathy had devel-
oped (6,7). While diphtheria, gas gangrene, and
botulism need to be treated promptly with horse an-
titoxins for the specific exotoxins involved in these dis-
eases, R. tigrinus antivenom is effective for controlling
bleeding complications and coagulopathy caused by
snake venom even if administered after symptoms have
developed. In all cases of successful treatment with the
R. tigrinus antivenom, including the two recent cases,
the antivenom was administered within 3 days after the
bite. In a case of unsuccessful treatment, the antivenom
was administered 5 days after the bite. In August 2006,
a fatal case of a R. tigrinus bite occurred. In this case,
the doctor who first treated the patient was unaware of
the availability of the R. tigrinus antivenom, and the
third hospital contacted us much too late. By the time
we were contacted by the hospital staff, the patient had
cerebral hemorrhage that was already spreading
(Karume, personal communication). In such cases, early

use of the antivenom might be effective.

The quality of the new antivenom was evaluated
according to the procedures specified for ‘‘Freeze-
dried Habu (Protobothrops flavoviridis) Antivenom,
Equine’’ and ‘‘Freeze-dried Mamushi (G. blomhoffii)
Antivenom, Equine’’ in the Minimum Requirements for
Biological Products of Japan (19). R. tigrinus venom
and R. tigrinus antivenom have previously been assayed
in rabbits by intracutaneous administration or in mice
by administration into the tail vein (in vivo tests), and in
vitro tests of precoagulant activity have been done
(4,9,13,16). The precision, reproducibility, and sensitiv-
ity of these three assays were evaluated. Quantification
of the lethality of R. tigrinus venom for mice after ad-
ministration into the tail vein produced variable data at
low doses. This caused great variability in the results of
neutralization tests performed with a mixture of the
venom and antivenom. Therefore, the immune response
of horses immunized with the R. figrinus venom was
monitored by determining the in vitro anticoagulant ac-
tivity of the antivenom and its in vivo antihemorrhagic
activity in rabbits after intracutaneous injection. The
two horses were immunized with different forms of ven-
om antigens, i.e., a conventional formalin-treated tox-
oid and a liposome-conjugated toxoid. Both methods
elicited increased anticoagulant and antihemorrhagic
activities. It was thought that both methods were effec-
tive. In particular, the development of antihemorrhagic
activity is rapidly increased in liposome-treated venom
immunization. However, because there are few exam-
ples at this time, we could not judge which method is
more effective.

The antivenom reported here is the only one for the
venom of the genus Rhabdophis. Severe cases of R.
tigrinus bite have not been reported on the Asian conti-
nent; this might be bacaue the species is considered non-
venomous, as it has historically been considered in
Japan. For example, in China, an epidemiological study
of venomous snakebites is still in progress, and there is
the possibility that some severe bite cases involving this
species may occur. Our study will be useful in the treat-
ment and the development of a new antivenom in such a
case. The venom of Rhabdophis subminiatus, a species
related to R. tigrinus and widely distributed in southeast
Asia, is known to cause symptoms similar to R. tigrinus
venom (20). The antivenom developed in this study may
also be effective in treating patients with severe bites by
R. subminiatus.
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