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ABSTRACT

Background: Snakebites remain a devastating and life-threatening environmental hazard.
While the management of snakebites has been well described in humans, few clinical data
and guidelines exist for dogs, especially in Korea.

Objectives: This retrospective study evaluated the clinical features of 70 dogs with snakebite
wounds in Korea.

Methods: The medical records of 72 dogs that presented to three animal hospitals from June
2008 to July 2021 were reviewed; among these, 70 dogs that met the inclusion criteria were
enrolled. Their signalment, history, clinical signs, physical examination, blood analysis,
treatment, and prognosis were also evaluated.

Results: Of 70 dog owners, 35 (50%) witnessed the bite, with a mean time between bite and
hospital presentation 0of 9.7 + 4.1 h in 58 dogs. Blood smears were evaluated in 45 dogs, of which
28 (62%) showed echinocytosis. Anemia and acute kidney injury were found in 21 (29%) and 2
dogs (3%), respectively. A total of 37 dogs (53%) were hospitalized, 5 (7%) of which died.
Conclusions: The most significant finding was the high prevalence of echinocytosis. The data
from this retrospective study could inform the management of dogs bitten by snakes in Korea.

Keywords: Snakebites; mamushi; echinocytosis; dogs; antivenin

INTRODUCTION

Snakes are carnivorous reptiles with elongated bodies and no legs. Of the approximately
3,000 snake species worldwide, 15% are considered venomous [1]. Korea has 10 types of non-
venomous snakes and 4 types of venomous snakes. The venomous snakes include Gloydius
brevicaudus, G. saxatilis, G. ussuriensis, and Rhabdophis tigrinus [2]. According to the World Health
Organization (WHO), 5.4 million snakebites occur annually in people, of which 2.7 million
are venomous, with 81,000-138,000 deaths [1]. An estimated 150,000 animals, primarily
dogs and cats, are bitten by snakes in the United States annually [3]. Although mortality in
humans after snakebites in the United States is low (0.06%), the reported canine mortality
rates range from 1% to 30% [4,5]. In Korea, 200-600 cases of snake bites occur in humans
annually, with 60% of snakes belonging to the genus Gloydius [6,7]. However, retrospective
studies on snake bites in dogs in Korea are scarce.
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Mamushi is the most common venomous snake in Korea and is also found in Japan and
China [8]. This pit viper is found in a variety of colors and is small (approximately 60 cm);
thus, its attack range is only approximately 30 cm. The canine teeth (fangs) are approximately
5 mm long and have very thin tips. Snakes of this genus tend to live near rivers, ponds, and
rice fields and are active during the day in spring and autumn and during the night in summer
[9]. In Korea, mamushi are found nationwide, except on Jeju Island, and are reportedly

more frequently encountered at low altitudes [10]. Owing to these characteristics, the risk

of snakebite increases in dogs that frequently walk outdoors. R. tigrinus is also common in
Korea, growing to 1-1.5 meters and sharing the same habitats as mamushi. While this species
has long been considered non-venomous, recent studies have revealed that the venom has
high toxicity and contains the same venom components as those in mamushi [2,9].

Snake envenomation causes a combination of local and systemic clinical signs with considerable
variations, depending on the snake species. Many of these human-specific signs are similar to
those observed in dogs [11]. Local manifestations such as edema at the bite site, infection, and
tissue necrosis are the most common. The systemic manifestations include vomiting, nausea,
dizziness, rhabdomyolysis due to muscle necrosis, renal function damage, and various other
clinical conditions that lead to death. [11,12]. Mamushi venom is characterized by hemorrhagic
activity and induces widespread bleeding in humans [12]. Only one case report has described
the effects of mamushi envenomation in dog [13]. In this study, the bitten dog presented with
extensive edema and bleeding but no other systemic disorders [13].

Few studies with small sample sizes have described the clinical features and management
of snakebites in dogs in Korea. Therefore, the purpose of this study was to describe the
signalment, history, clinical presentation, laboratory values, treatment, and prognosis of
dogs bitten by snakes in Korea.

MATERIALS AND METHODS

We retrospectively reviewed the medical records of 72 dogs admitted with snakebites to

the Kyungpook National Veterinary Medical Teaching Hospital, Haemaru Animal Referral
Hospital, and Daegu Animal Medical Center from June 2008 to July 2021. This study included
dogs in which two fang marks were observed at the wound site. Two dogs with bite wounds of
unclear origin were excluded from the analysis.

The data collected from each record included signalment, history including witnessed
snakebite and time since the snakebite, clinical signs, and physical examination records

on presentation. Routine test results, including complete blood count, serum chemical
profile, coagulation profile, and blood smear examination, were also recorded. The numbers
of'vials of antivenom as well as the types of analgesics, fluids, and additional medications
were recorded. We also collected data on the length of hospitalization and outcomes for all
animals. Dogs were diagnosed with anemia if the hematocrit value was < 35% [14]; acute
kidney injury was defined as an increase in the serum creatinine concentration of 0.3 mg/
dL from baseline within 48 h [15]. Increases in prothrombin time (PT) and activated partial
thromboplastin time (aPTT) were defined as 150% of the upper limit of the reference range
[16]. Dogs discharged alive or referred to another hospital were considered survivors,
whereas those that died during hospitalization were defined as non-survivors.
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Statistical analysis

Descriptive data are presented as mean + SD for normally distributed data and median
(range) for skewed data. The y* test was performed to compare categorical data between
survivors and non-survivors. Sex, bite location, and treatment were also compared between
the groups. Statistical significance was set at a p value of < 0.05. Analyses were performed
using IBM SPSS Statistics for Windows, version 25.0 (IBM Corp., USA).

RESULTS

The records of 72 dogs assumed to have been bitten by a snake were reviewed at the three
hospitals from June 2008 to July 2021; two dogs were excluded due to the absence of fang
marks. Thus, the analysis included a total of 70 animals. The dogs represented 23 breeds
including mixed (11), Dachshund (7), Jindo (7), Maltese (7), Poodle (6), Yorkshire Terrier
(6), French Bulldog (3), Cocker Spaniel (2), German Shepherd (2), Golden Retriever (2),
Labrador Retriever (2), Pungsan dog (2), Shiba Inu (2), Border Collie (1), Beagle (1), Cane
Corso (1), Chihuahua (1), Miniature Schnauzer (1), Pomeranian (1), Shih-tzu (1), Siberian
Husky (1), Spitz (1), and Wolf dog (1). Overall, 20% (14) of dogs were intact males, 33% (23)
were castrated males, 20% (14) were intact females, and 27% (19) were spayed females. The
sex of the dogs did not differ significantly between the survivor and non-survivor groups (p
=0.149). The median age was 48 mon (range, 2-156 mon) and median weight was 12.6 kg
(range, 2-50.4 kg). Bites were observed by 50% (35) of the owners, with a median time from
observation of the clinical sign onset to hospital presentation of 9.7 h (range, 1-96 h).

The bite wounds were localized to the face (74%, 48/65), body (3%, 2/65), and legs (23%, 15/65).
The bite location was not significantly associated with survival (p = 0.072). Four clinical signs
were observed on presentation: edema, erythema, continuous bleeding, and cyanosis. Of the 65
dogs with clinical signs, 64 (98%) had edema, 54 (83%) had erythema, 6 (9%) had continuous
bleeding, and 3 (5%) had cyanosis. On admission, the mean temperature was 39.1°C + 0.6°C (64
dogs; range, 37.4°C—40.1°C) and mean heart rate was 148.5 + 37.9 bpm (58 dogs; range, 84240
bpm). Panting was observed in 22 dogs (40%) during physical examination, and the mean
respiratory rate was 46.5 + 23.8 breaths/min in 33 dogs. Normal skin turgor was observed in 28
dogs, whereas a loss of turgor was observed in 8 dogs. Doppler blood pressure recorded in 54
dogs showed a median arterial blood pressure of 155 mmHg (range, 70-230 mmHg).

The results of complete blood count and serum chemistry tests are summarized in Table 1. A
complete blood count was obtained for 64 dogs (91%), 21 of which (29%) had anemia (median
hematocrit of the 64 dogs, 52%; range, 22.2%-78%). Hemoglobin levels and platelet counts
were within the reference ranges. The median white blood cell count was 14.3 K/pL (range,
6.8—-43.5 K/puL), which was close to the upper limit of the reference range (reference range,
5.1-6.8 K/pL). The plasma lactate concentration on admission was available for 51 dogs, with
amedian of 2.7 mmol/L (range, 0.9-6.9 mmol/L) (reference range, 0.5-2.5 mmol/L). Serum
biochemistry panels were performed in 64 dogs (91%), 2 of which were diagnosed with acute
kidney injury. C-reactive protein concentrations were measured in 39 dogs, with increased
levels noted in 25 dogs (median, 24 mg/L; range, 10-186 mg/L; reference range, 0-20 mg/L).
Blood smear evaluation was performed in 45 dogs, 28 of which (62%) had echinocytosis.

The coagulation parameters PT and aPTT were tested in 62 dogs; 10 (16%) had prolonged

PT and 8 (13%) had prolonged aPTT. D-dimer levels were tested in 39 dogs, with a median
concentration of 0.7 mg/L (range, 0.1-5.9 mg/L); 26 (67%) had increased levels of D-dimer.
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Table 1. CBC and serum chemistry of the study dogs with snake bites

Variable Median (range) Reference range
CBC (n = 64)
Hematocrit (%) 52 (22.2-78) 37.3-61.7
Hemoglobin (g/dL) 17.4(7.9-22.6) 13.1-20.5
WBC (K/pL) 14.3 (6.8-43.5) 5.1-16.8
Platelet (K/pL) 264 (70.3-743) 148-484
Serum chemistry (n = 64)
BUN (mg/dL) 18 (7-66.1) 7-27
Creatinine (mg/dL) 0.9 (0.3-3.3) 0.5-1.8
Total protein (g/dL) 6.3 (4.6-9) 5.2-8.2
Albumin (g/dL) 3.2 (1.6-4.9) 2.3-4
ALT (U/L) 50 (16-292) 10-100
ALP (U/L) 56 (10-1,179) 23-212
CRP (n = 39) 0-20
n=25(mg/L) 24 (10-186)
n =14 (mg/L) <10
Lactate (n = 51) (mmol/L) 2.7 (0.9-6.9) 0.5-2.5
pH (n = 19) 7.3 (7.2-7.4) 7.3-7.5

CBC, complete blood count; WBC, white blood cell; BUN, blood urea nitrogen; ALT, alanine aminotransferase;
ALP, alkaline phosphatase; CRP, C-reactive protein.

Table 2. Treatment variables of dogs with snake bites

Treatment (n = 70) No. (%)
Vials of antivenom
1-2 53 (76)
0 17 (24)
Analgesic
Tramadol 29 (41)
Hydromorphone 10 (14)
TLK CRI 8 (11)
Fentanyl CRI 2(3)
Butorphanol 1(2)
None 20 (29)
Fluid
N/S 29 (41)
Plasma-Lyte 12 (17)
H/S 6 (8)
5% DW 1(1)
2.5% DW 2(3)
None 20 (29)
Fluid rate (mL/kg/h)
2.5 26 (37)
5 17 (24)
10 1(1)
30 1(1)
None 25 (36)
Chlorpheniramine 51(73)
Glucocorticoids 32 (46)
Antibiotic 62 (89)

TLK, tramadol lidocaine ketamine; CRI, constant rate infusion; N/S, normal saline; H/S: Hartmann’s solution; DW,
dextrose water.

The types of treatment received by the dogs are summarized in Table 2. Out of 70 dogs,

53 (76%) received more than one vial of antivenin and 17 (24%) did not receive antivenom
treatment. A total of 50 dogs received analgesics and intravenous fluid support. The most
frequently used analgesics were tramadol (41%) and hydromorphone (14%). Regarding

fluid therapy, normal saline was administered to 41% of dogs, followed by Plasma-Lyte
(17%). The most frequent administration rate was 2.5-5 mL/kg/h. Additionally, 51 of 70 dogs
(73%) received chlorpheniramine, 32 (46%) received glucocorticoids, and 62 (89%) received
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antibiotics. The administration of antivenin, glucocorticoids, and antibiotics was associated
with increased survival (p = 0.008, p=0.030, and p = 0.007, respectively). Survival and
antihistamine use were not significantly related (p = 0.172).

The median hospitalization time was 2.5 days in 68 dogs. Of the 70 dogs, 37 (53%) survived
until discharge, 5 (7%) died, and 28 were lost to follow-up. Among 42 hospitalized dogs with
follow-up data, 37 (88%) survived to discharge and 5 (12%) died. The prognosis of the dogs
was assessed and the dogs were divided into two groups depending on the administration of
antivenin. Of 53 dogs treated with antivenin, 31 (58%) survived to discharge, 3 (6%) died, and
19 (36%) were limited to follow-up. Of 17 dogs not treated with antivenin, 6 (35%) survived to
discharge, 2 (12%) died, and 9 (53%) were limited to follow-up.

DISCUSSION

To the best of our knowledge, this is the first large-scale study conducted in Korea to

assess the clinical features of dogs bitten by snakes. Our results showed that there was no
predominance of sex. In humans, men are approximately 50% more likely to be bitten than
women due to their occupational characteristics (farmers, gardeners, and security guards)
[17]. These differences can be attributed to varying species-specific behaviors between dogs
and humans. Furthermore, one study reported that young, mature dogs of medium to large
breeds are most commonly bitten by snakes [18]. This finding might be explained by the
fact that some of the dogs enrolled in this study were guard dogs and tended to attack and
provoke snakes to bite [18]. However, contrasting results were observed in this study. We
found that small breeds were more frequently bitten than large breeds, possibly because
small and toy breeds are among the most prevalent breeds in South Korea [19].

In the present study, snakebites were mostly observed in the head region or on the limbs,
findings consistent with those of other reports [18,20,21]. A previous study reported that,

of 96 bites, 78 (81.2%) occurred in the head region and 21 (21.9%) on the limbs [20], similar
to our results observed in 70 dogs (74% and 23%, respectively). These results might indicate
that dogs are prone to intentional contact with vipers, as opposed to humans, who are almost
exclusively bitten accidentally [1,21]. Moreover, due to these behavioral characteristics in
dogs, most snakebites occur in the distal parts of the limbs or head region.

Mamushi venom contains phospholipase A2, hyaluronidases, proteases, and other
enzymes. In humans, these enzymes induce erythema, local pain, and swelling at the bite
site. Mamushi venom also contains hemorrhage factor I or II, which cause a significant
increase in platelet aggregation, resulting in extensive ecchymosis and gastrointestinal
bleeding. Hypotension can occur due to severe swelling. In these cases, increased serum
levels of creatinine phosphokinase and blood levels of myoglobin due to rhabdomyolysis can
cause acute renal failure [2,12,22]. In the current study, 98% of dogs had edema, 83% had
erythema, and only a small number of dogs presented persistent bleeding, cyanosis, and
acute kidney injury. These results may be of non-venomous snakebites or “dry” bites, which
induce insufficient envenomation. While approximately 25% of bites by pit vipers in humans
are dry, there are no studies on the incidence of dry bites in dogs [23]. In the present study,
the number of dry bites could not be fully estimated because we did not record whether

a patient was envenomated since envenomation is generally determined by witnessing
snakebites, snake species, clinical signs, and typical fang marks.
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The hematologic findings in the current study suggest an inflammatory reaction caused

by the bites, characterized by median white blood cell counts close to the upper limit of

the reference range and C-reactive protein exceeding the reference range. These results

are similar to those of a previous study that suggested stress as a contributing factor

[24]. Echinocytosis was another hematological abnormality observed in 28 dogs (62%).
Echinocytosis is the most common hematologic abnormality in dogs envenomed by snakes
from the subfamily Crotalinae [20,25]. Previous studies showed that echinocytosis is caused
by phospholipase A2, a component of snake venom with a dose-dependent effect on the red
blood cell membrane [26,27]. Although no relationship between echinocytosis and mamushi
envenomation has been reported, echinocytosis appears to be a reasonably good marker in
dogs because the venom of this snake also contains phospholipase A2. Thrombocytopenia
and acute kidney injury are common conditions following hemorrhagic envenomation in
both humans and dogs [2,3,5,21,23,28,29]. However, in our study, the mean platelet counts
were within the reference ranges, and only two dogs had acute kidney injury. Moreover, blood
analysis was performed only once at presentation, which might have contributed to these
results. Further research is needed to evaluate the complications of snakebites in Korea, and
serial blood sampling after hospitalization is recommended.

A standard treatment protocol for snake envenomation is lacking for dogs; however, the only
accepted treatment is the administration of antivenom along with supportive care consisting of
intravenous crystalloid fluid therapy and pain control [23,30]. Antivenom limits clinical signs
and reverses coagulopathy [23,31,32]. In the current study, 70 dogs (76%) were administered

at least one vial of antivenom; additional antivenin was administered to dogs with persistent
clinical signs as there is no evidence-based protocol available for antivenom administration or
dosage in dogs [23]. Regarding pain control, opioid agonists, especially fentanyl, are usually
recommended because they can provide excellent short-term analgesia. And morphine should
be used with caution owing to the risk of histamine release [3,23]. However, tramadol was used
most frequently in the present study, possibly due to its non-narcotic properties and the fact
that it is legally available and widely used in the Korean veterinary community. Nonetheless,
there are some controversies regarding the efficacy of tramadol in dogs [33]. As snakebites are
usually associated with pain [3,11,25], warranted analgesics should be used. Lastly, while the
recommended intravenous fluids include isotonic crystalloid solutions such as lactated Ringer’s
solution, 0.9% sodium chloride, or Plasma-Lyte solution [23], most of our patients which
administered IV fluids treated with isotonic crystalloid solutions.

Although there remain controversies regarding the use of glucocorticoids and antihistamines for
snake envenomation [23,25], they were administered to 46% and 73% of dogs, respectively. Some
authors favor the use of glucocorticoids in snake envenomation due to their anti-inflammatory
effects, which might reduce pain and swelling, whereas others suggest that glucocorticoids might
slow and reduce antivenom activity, increase the risk of infection, and interfere with the normal
healing process [23,34]. Most of the literature on envenomation in humans does not recommend
the routine use of antihistamines because of their potential hypotensive adverse effects; moreover,
they are only indicated for the treatment of anaphylaxis [23,35]. However, two retrospective
studies on dogs reported increased survival rates with diphenhydramine administration after
snakebites [5,25]. All dogs that died in the present study had received both glucocorticoids and
antihistamines; therefore, these drugs may worsen the clinical status due to the complications
described above. However, in our study, glucocorticoid administration was positively associated
with survival. Currently, there is no evidence for the effectiveness of glucocorticoids and
antihistamines in snake envenomation; thus, further research is warranted.
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The administration of systemic antimicrobials to patients with snake envenomation remains
controversial in both human and veterinary medicine [23,36]. In human medicine, prophylactic
antibiotics are not indicated as initial therapy because the incidence of infection is low
following pit viper bites, likely due to the bactericidal effects of the venom itself [36,37]. Hence,
antibiotics are only recommended when there is clinical and microbiological evidence of wound
infection [36]. In the past veterinary studies, prophylactic antibiotics are often indicated after
snake envenomation because of the variety of bacteria that can be found in dog hair and snake
mouth [3,21,38]. However, according to recent veterinary study, transmission of infection
through the snakebite is rare because of dilutional effects associated with the hemorrhagic
lymphedema and proteolytic effects of snake venom [23]. And one prospective study performed
in dogs in rattlesnake envenomation discourage antibiotic use as there was low incidences

of wound infection after snake bite [39]. While use of antibiotics in treatment of snake bites

is not currently promoted in veterinary medicine, our study found common usage by Korean
veterinarians. These results are not supported by most recent literature and that our study could
not reveal any benefit or detriment of their use. Moreover, our study revealed an association of
antibiotic use with survival but could not demonstrate that antibiotic use affected survival.

The overall mortality rate in the present study was 7%. Previous studies reported mortality
rates for bites of pit vipers, rattlesnakes, and tiger snakes of 4%, 1%, and 15%, respectively;
however, mamushi bites have not been reported in dogs [18,20,21]. Discrepancies in
mortality rates may be associated with differences in venom constituents between

snake species and the amount of venom inoculated [24]. Mortality rates after antivenom
administration also vary between groups [24,40,41]. In pit viper envenomation, the
administration of antivenom did not increase the survival rate [21]; however, in tiger snake
envenomation, the mortality rate with antivenom was 17% compared with 77% in dogs that
were not treated with antivenom [42,43]. In the present study, the mortality rate of dogs that
received antivenom was 6%, compared with 12% in those that did not receive this treatment.
Although antivenom seemed to have a positive effect on mortality, due to the nature of
aveterinary referral hospital, follow-up information on patients was limited; hence, the
effectiveness of antivenom in our study cannot be estimated.

According to the WHO, snakebites remain a devastating and life-threatening environmental
hazard for humans not only in tropical developing countries but also in developed nations
with high population densities [1,44]. Envenoming resulting from snakebites is an important
public health problem because it can lead to death and requires antivenom, the only specific
treatment [1]. Despite increasing knowledge of the management of snake bites in humans,
satisfactory data and guidelines remain lacking in veterinary medicine, especially in

Korea. Our study is of great importance for veterinary public health as it provides baseline
information for veterinary clinics to better control patients bitten by snakes.

The present study has several limitations owing to its retrospective design. First, the medical
records were occasionally incomplete because data from three different animal hospitals
were collected for analysis due to the low incidence of snakebites in dogs in Korea. Second,
several species of snakes are implicated in snakebites and our study was not confined to
mamushi only. Thus, it was impossible to evaluate whether envenomation occurred in the
dogs included in this study. Third, many of the dogs in our study presented to the hospital
only for antivenom treatment; thus, the possibility of follow-up and assessment of prognosis
was limited, and complications could not be evaluated properly because serial laboratory
examinations were performed only in a small number of dogs.
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While snakebite in dogs in Korea is an uncommon medical problem, it should be
considered as it can eventually lead to death. To the best of our knowledge, this is the first
study to retrospectively analyze the clinical features of snakebites in dogs in Korea. The
most significant finding of our study is that the most prevalent clinical signs were edema,
erythema, and echinocytosis in blood smears. The mortality rate in this study was 7%,

and antivenom seemed to have a positive effect on mortality; however, further research is
essential to determine the effectiveness of antivenom. In our opinion, the presented data
could help in the management of dogs with snakebites in Korean veterinary medicine.
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