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ABSTRACT
Snake bites in Hong Kong are most commonly due to Tr. albolabris (White-lipped pit viper, bamboo snake). We studied 21 cases
of envenoming by Tr. albolabris prospectively in order to document the incidence and severity of associated coagulation abnor-
malities. Eighteen patients (86%) had increased blood concentrations of fibrin degradation products (FDP) ranging from 10-40
g/l to greater than 200 ug/l (normal: less than 10 ug/), the majority of whom also had detectable soluble fibrin monomers.
Among these 21 patients, 10 had decreased blood concentrations of fibrinogen ranging from 0.3 kg/l to 1.9 g/l (normal: 2-4 gl/l).
In 11 cases (52%), the euglobulin clot lysis time was shortened (less than 150 minutes) in association with elevated blood
concentrations of FDP (n=10) and decreased circulating fibrinogen levels (n=8). Thrombocytopenia and/or prolongation of
prothrombin time (PT), activated partial thromboplastin time (APTT) and/or thrombin time (TT) were present in 10 patients
(28%). Increased blood concentrations of FDP and decreased circulating fibrinogen levels were present in most of these cases.
Envenoming by Tr. albolabris is therefore frequently associated with a coagulopathy compatible with increased fibrin/
fibrinogenolysis. Measurement of blood concentrations of FDP is the most sensitive test for detecting the coagulopathy. There is,
however, little correlation between the patterns of clinical manifestations and coagulation abnormalities although more severe
clinical features were usually associated with high circulating FDP levels. Only one patient developed systemic bleeding but no
fatality was observed. The coagulation abnormalities are usually correctable by replacement therapy. Further studies are
required to study the mechanisms of this coegulopathy and its relationship with venom antigenaemia.
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INTRODUCTION incidence and severity of coagulation disorders could not be
Tr. albolabris is one of the eight venomous land snakes indig- obtained. A prospective study has now been conducted to docu-
enous to Hong Kong®. In a previous survey of 242 cases of ment in more detail the clinical course and haematological
snake bites in Hong Kong, we found that Tr. albolabris was sequelae which follow envenoming by 7. albolabris.

responsible for the great majority. Envenoming by this species
was associated with features suggestive of an underlying
coagulopathy which occasionally gave rise to significant clini-
cal morbidity and rarely fatality®. Details were, however, not
always well documented and exact information regarding the

MATERIALS AND METHODS
The study was carried out between October 1988 and May
1989 at the Prince of Wales Hospital, Shatin. This is a re-
gional hospital situated in the north-eastern New Territories in
Hong Kong, a large area of which is rural or semi-rural and
where the majority of cases of snake bite occur.

A total of 21 consecutive patients with a definite history
of bite by Tr. albolabris (Fig 1) were studied. Identification
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was based on the examination of the dead snake brought to the
hospital in 7 patients and on the basis of the patients’ descrip-
tions in 14 cases.

The age, sex, site of bite, clinical features and treatment
were recorded for each patient. Complete blood picture,
prothrombin time (PT), activated partial thromboplastin time
(APTT), thrombin time (TT), fibrinogen, fibrin degradation
products (FDP), soluble fibrin monomer, euglobulin clot lysis
time, renal and liver function tests and electrocardiograms were
performed daily for three days or until normality was restored.

Complete blood counts were performed with a Technicon
H6000 cell counter and the blood smear checked manually
after Field staining. PT, APTT and TT were measured on
citrated plasma using standard methods®. Blood concentra-
tions of fibrinogen were determined by the Clauss dilute
thrombin time method and that of FDP, assayed using a
thrombo-Wellcotest kit (Wellcome Diagnostics). This is a semi-
quantitative procedure for the detection of fibrin/fibrinogen
degradation products. A suspension of latex particles in glycine
saline buffer is coated with antisera to highly purified prepara-
tions of human fibrinogen fragments D and E. The sensitivity
of the latex reagent is adjusted so that in the presence of blood
concentrations of FDP greater than 2 pg/ml, the latex particles
clump together giving macroscopic agglutination. The serum
is diluted up to 1/100 concentration which gives an estimated
blood concentrations of FDP greater than 200 pg/l as the up-
per limit of detection. Euglobulin clot lysis time was done by
published methods with a reference range of over 150 min-
utes™. Complete lysis in less than 15 minutes denotes acute
fibrinolysis, whereas lysis time between 15 to 30 minutes is
associated with clear fibrinolysis. Soluble fibrin monomer com-
plex was determined by using glutaraldehyde treated human
erythrocytes coated with purified fibrin monomer (FS test,
Diagnostica Stago).

RESULTS

Table I summarises the clinical details and results of clotting
studies of the 21 patients studied. There were 6 males and 15
females aged between 28 and 78. In 12 patients, the bites
were sustained in the upper limb while in 9, in the lower limb.

Fifteen patients (71%) had clinical features of envenoming
in the form of severe local oedema. In addition, 7 of these
patients developed lymphangitis and regional lymph node en-
largement. One patient had skin bruising while another had
gastrointestinal haemorrhage and haematuria necessitating re-
placement therapy with platelet rich plasma and fresh frozen
plasma. No patient required specific antivenom.

In 18 of the 21 patients (86%), there were increased blood
concentrations of FDP ranging from 10-40 pg/l to greater than
200 pg/l (normal: less than 10 pg/l). The majority of these
paticnts (n=17) also had detectable soluble fibrin monomers.
Among these 21 patients, 10 had decreased blood concentra-
tions of fibrinogen ranging from 0.3 g/l to 1.9 g/l (normal: 2-4
gll). In 11 cases (52%), the euglobulin clot lysis time was
shortened (less than 150 minutes) in association with elevated
blood concentrations of FDP (n=10) and decreased circulating
fibrinogen levels (n=8). In addition, 10 patients (28%) had
thrombocytopenia and /or prolonged PT, APTT and/or TT. In
these patients, this was usually associated with increased blood
concentrations of FDP, reduced circulating fibrinogen levels
and shortened euglobulin clot lysis time.

While 6 patients did not exhibit any physical sign of en-
venoming which include local oedema, lymphadenitis and skin
bruising and systemic bleeding, 4 of these had some degree of
clotting abnormality. On the other hand, all patients who had
clinical features of envenoming had increased blood concen-
trations of FDP and detectable soluble fibrin monomers to
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varying degrees. Patients with more than one physical sign
tended to have high blood concentrations of FDP and a pro-
portion of these patients also had thrombocytopenia and/or
prolongation of PT, APTT and/or TT.

No abnormality was detected in serial renal and liver func-
tion tests or clectrocardiograms in any of the 21 patients.

Table I - Summary of clinical details and coagulation
results in all 21 cases of Tr. albolabris
(white-lipped pit viper) bites.

Case  PT  APTT  Fibrinogen FDP  Soluble  Euglobulin ~ TT  Platelet  Clinical
no fibrin Iysis count features
monomer  time
| N N N 10-40 N N N Nil
2 N N N N N N N Nil
3 N N N 40-200 N N N Oedema
4 N N 0.7 >200 120 183 117 Ocdema
3 N N 11 00 - 95 N 133 Ocdema
6 N N N >200 N N N Nil
7 N N N N N N N Oedema/
lymphadenitis
8 164 N 0.7 40-200 + N N 115 Ocdema
9 N N L1 >200 ¢+ 30 N 116 Ocdema
10 N N 09 >200 % N 120 Ocdema
11 N N L5 >200 90 N N Ocdema/
lymphadenitis
12 N N N 40-200 + N N N Ocdema/
Iymphadenitis
13 157 491 N 1040+ N N N Nil
4 N N N N + 120 N N Nil
15 N N 1.6 10-200 ¢ 120 N N Ocdema/skin
bruising
16 N N 1.7 10-40  + N N N Nil
17 N 45.2 N >200 + 9% N N Ocdema/
lymphadenitis
13 N N N 10-40 N N N Oedema
19 15 416 N 10-200 120 N N Ocdema/
lymphadenitis
20 185 N 0.3 40-200 130 5 N Oedema/
lymphadeneitis
21 N N 19 40200 + 120 N 85 Ocdema/
lymphadenitis
and systemic
bleeding
Normal 12-14 2540 2.4 <lopgl >150 12-18 150400 x 10%1
range se¢  sec ¢l min sec
N = normal +/- = present/absent

DISCUSSION

Tr. albolabris belongs to the Viperinae family and species
from this family have been shown to cause coagulopathy. This
study documents the incidence and severity of haematological
disturbances associated with Tr. albolabris bites in Hong Kong.
Tr. albolabris is commonly found in the rural areas of Hong
Kong and South China and is responsible for the majority of
snake bites in these areas!"?.

Our study indicates a high incidence of local oedema and
subclinical haematological abnormalities following bites by
Tr. albolabris. The increased blood concentrations of FDP and
detection of soluble fibrin monomers suggest increased fibrin/
fibrinogenolysis. There are several possible mechanisms un-
derlying the coagulopathy. Increased fibrinogenolytic activi-
ties due to fibrinogenases (0~ and 3-) have been reported in
the venom of Tr. mucrosquamatus which can cleave
fibrinopeptides a and b from fibrinogen resulting in circulating
soluble fibrin monomers. In the presence of the activity of -
fibrinogenase, no cross-linking of the FDP occur so that the
blood concentrations of cross-linked FDP may remain normal
in the presence of elevated circulating FDP®), We were, how-
ever, unable to measure the blood concentration of cross-linked
FDP at the time of the study to clarify this aspect.

On the other hand, thrombin-like activity leading to
defibrination has been reported in the venom of snakes be-
longing to the families of Crotalidae and Viperinae. This causes
conversion of fibrinogen to a soluble fibrin polymer, in con-
trast to the formation of an insoluble fibrin clot due to the
activity of normal thrombin. In typical cases of Crotalidae



envenoming, complete defibrination with undetectable fibrino-
gen and massively raised circulating FDP usually occur®.
Hence while our findings are compatible with a thrombin-
fibrinogen interaction, such thrombin-like activity is probably
only weak in view of the relatively normal fibrinogen levels in
most cases. This may also explain the normal PT, APTT and/
or TT results in approximately 75% of the cases since the
fibrinogen levels are still high enough for clot formation to
occur. In this regard, all cases with prolonged PT and APTT
also have high circulating levels of FDP, low concentrations
of fibrinogen and detectable soluble fibrin monomers sugges-
tive of severe envenoming,

Furthermore, the shortened euglobulin clot lysis time de-
tected in some of the patients with elevated blood concentra-
tions of FDP may indicate the release of endogenous
plasminogen activator resulting in enhanced fibrinolysis. This
activity has also been previously reported in the venom of
Crotalidae and Viperinae families®.

In vitro studies on the other members of the Trimeresurus
family have also reported similar fibrinolytic properties in spe-
cics from the families 7r. gramineus and flavoviridus"®. Four
hacmorrhagic proteinases have been identified in 7.
mucrosquamatus venom, all of which have fibrinolytic activi-
ties"”. In addition, phospholipase A, purified from 7v
mucrosquamatus and Tr. gramineus can induce thromboxane
B, formation with platelet aggregation®™'?. In this respect,
five patients in the study had significant thrombocytopenia in
addition to increased fibrin/fibrinogenolysis.

Over 70% of the patients had some forms of local oedema.
Histamine release from mast cells has been shown to be im-
portant in the formation of oedema induced by Tr.
mucrosquamatus snake bites"”. Numerous proteins including
three phospholipase A, enzymes have been identified from the
venom of Tr. flavoviridus which can induce oedema in mouse
footpads"®. Other cytotoxic factors from Tr. flavoviridus have
been purified but their significance is not yet clear®.

Prolonged defibrination and venom antigenaemia with mod-
erate thrombocytopenia detected five days after envenoming
by a Green pit viper (also Tr. albolabris but with different
markings) has previously been reported®®. Death due to cer-
ebral haemorrhage following a Green pit viper bite occurred
in another patient with increased fibrinolytic activity,
defibrination and thrombocytopenia®”. A recent review of L1
cases of envenoming by the Green pit viper in Thailand showed
that all patients had local swelling and 9 developed non-clot-
ting blood which responded to a single dose of monospecific
antivenom. However, no spontaneous bleeding was noted and
coagulation studies indicated a pure defibrination syndrome
with little effects on other factors of the clotting cascade or
platelet function®.

In the present study, there was a high incidence of local
oedema and to lesser extent, lymphadenitis, skin bruising and
systemic bleeding following Tr. albolabris envenoming,
Subclinical coagulopathy was frequently present and elevation
of blood concentrations of FDP was the most sensitive test to
detect the clotting abnormalities. This was often accompanied
by detectable soluble fibrin monomer, shortened euglobulin
clot lysis time and decreased circulating fibrinogen levels. The
association between the patterns of clinical manifestations and
the severity of clotting abnormalities was, however, less well
defined. While patients exhibiting more than one physical sign
of envenoming tended to have high blood concentrations of
FDP, others who appeared to be clinically well or developed
minimal clinical features following envenoming often had ab-
normal blood levels of FDP. Thrombocytopenia and/or pro-
longation of APTT, PT and/or TT occurred less commonly.
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However, when present, these usually indicated significant en-
venoming as exhibited by the more severe clinical features (ic
more than one physical sign) and other clotting abnormalitics.
No patient, however, required administration of antivenom and
the clotting abnormalities were easily correctable by replace-
ment therapy. Although no fatality occurred in this series of
patients, we had previously reported a case of intracerebral
haemorrhage following envenoming by Tr. albolabris in an
elderly woman®.

In conclusion, our study indicates a high incidence of
subclinical coagulopathy compatible with increased fibrin/
fibrinogenolysis following envenoming by Tr. albolabris.
Measurement of FDP remains the most sensitive test for de-
tection of the abnormality although correlation with the clini-
cal features is less well defined. Severe systemic bleeding
rarely occurs and the coagulation abnormalitics are usually
correctable by replacement therapy. Further studies including
measurements of blood concentrations of cross-linked FDP
are required to clarify the underlying mechanisms for the
coagulopathy and its correlation with venom antigenaemia.

ACKNOWLEDGEMENTS

This paper has previously been presented as an abstract in the
10th World Congress on Animal Plant and Microbial Toxins,
Singapore, in October 1991. We are grateful to Mr Vaughan
Williams, Senior Hospital Scientist of the Department of Hae-
matology/Oncology, Adelaide Medical Centre for Women and
Children, South Australia for his appraisal of the abstract.

REFERENCES

1. Romer JD. [llustrated guide to the venomous snake of Hong Kong. Urban Council
Publication, 3rd edition, Hong Kong Government Press, 1983,

2. Cockram CS, Chan JCN, Chow KY. Bites by the white lipped pit viper (Trimeresurus
albolabris) and other species in Hong Kong. A survey of 4 years® experience at the
Prince of Wales Hospital. J Trop Med 1lyg 1990;93:79-86.

3. Dacie JV, Lewis SM. Practical Hacmatology, 6th Ed. Churchill Livingstone. 1975:330-
8.

4. Biemnons A. Technical Haematology, 3rd Ed. Philadelphia: JB Lipponcott Co, 1980:336-
7

5. Ouyang C, Teng CM, Chen YC, Properties of fibrinogen degradation products produced
by o and f-fibrinogenases of Trimeresurus mucrosquamatus snake venom. Toxicon
1979;17:121-6.

6. Bell WR. Defibrinogenating Enzyme. In: Colman RW, Hirsh J, Marder VJ, Salzman
EW. eds. Haemostasis and Thrombosis. Basic Principles and Clinical Practice. 2nd
Ed. Lipponcott 1987:886-9.

7. Ouyang C, Yang FY. The effects of the purificd thrombin-like enzyme and anticoagu-
lant principle of Trimeresurus gramineus venom on blood coagulation in vivo. Toxicon
1976;14:197-201.

8. Huang TF, Chang JH, Ouyang C. Characterization of hemorrhagic principles from
trimeresurus gramineus snake venom. Toxicon 1984;22:45-52.

9. Kosugi T, Ariga Y, Nakamura M, Kinjo K. Purification and some chemical properties
of thrombin-like enzyme from Trimeresurus flavoviridis venom. Thromb Haemost
1986;55:24-30.

10, Sugihara H, Kishida M, Nikai T, Azuma H, Yamamoto F, Mori N. Comparative study
of four arginine cster hydrolases. ME-1,2,3 and 4 from the venom of Trimeresurus
mucrosquamatus (the Chinese habu snake). Comp Biochem Physiol 1986;83:743-50.

1. Ouyang C, Huang TF. A potent platelet aggregation inducer from Trimeresurus gramineus
snake venom. Biochem Biophys Acta 1983;761:126-34.

12. Ouyang C, Huang TF. Effect of the purified phospholipases A; from snake and bee
venoms on rabbit platelet function. Toxicon 1984;22:705-18.

13. Chen IJ, Chiu HF, Huang HT, Teng CM. Edema formation and degranulation of mast
cells by Trimeresurus mucrosquamatus snake venom. Toxicon 1984;22:17-28.

14, Vishwanath BS, Kini RM, Gowda TV. Characterization of three edema-inducing
phospholipase A; enzymes from habu (Trimeresurus flavoviridis) venom and their inter-
action with the alkaloid aristolochic acid. Toxicon 1987;25:501-15.

15.  Omori-Satoh T, [zumi N, Yamanaka T, et al. Purification and characterization of cytotoxic
factors in the venom of the Okinawa Habu (Trimeresurus flavoviridis). Toxicon
1986;24:1045-53.

16, Visudhiphan S, Dumavibhat B, Trishnananda M. Prolonged defibrination syndrome
after Green pit viper bite with persisting venom activity in patient’s blood. Am Soc Clin
Pathologists 1981;75:65-9.

17. Mahasandana S, Rungruxsirivorn Y, Chantaranagkul V. Clinical manifestations of bleed-
ing following Russell’s viper and Green pit viper bites in adults. Southeast Asian J Trop
Med Public Health 1980;11:285-93.

18, Looarcesuwan S, Ho M, Hutton R, Silamut K, Bunnag D, Warrell D. Green pit viper
envenoming: A clinicalstudy of |1 cases. Presentation at the 25th Annual Scientific
Seminar: Research priorities for Tropical Medicine in the 90°s. Institute for Medical
Rescarch, Jalan Pahang, Kuala Lumpur, Malaysia, 1989



