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Background: The incidence of tetanus has significantly declined in developed countries owing to widespread vaccination efforts.
However, it remains a threat worldwide, including in Japan, because of the sharp decline in antibody titers against tetanus in adults.
Animal bites, including canine bites, are potential sources of tetanus infection. This case highlights the rarity of tetanus caused by
canine bites and the need for continued vigilance for tetanus prevention. This case report and literature review aimed to shed light on
the clinical course and outcomes of tetanus following a canine bite.

Case Presentation: A 46-year-old Japanese man with no medical history presented with symptoms of tetanus, such as difficulty in
opening his mouth, 19 days after a canine bite on his right hand. He was born and brought up in Japan. He had never been vaccinated
against tetanus. Despite washing the wound and receiving human tetanus immunoglobulin (HTIG) and a tetanus toxoid vaccine, the
patient developed tetanus. After intravenous metronidazole and HTIG were administered, the symptoms improved gradually. The
patient was discharged after a 12-day hospital stay.

Discussion: This is the first reported case of canine bite-induced tetanus in Japan, where tetanus toxoid vaccination is provided
routinely. This case highlights the waning immunity in adults and the critical need for education on tetanus immunization, including
catch-up immunization, particularly for adults and individuals in high-risk occupations. A review of the existing literature revealed
only four cases of tetanus following canine bites between 1889 and 2018. All patients experienced symptom onset between 3 and 19
days post injury. Treatment typically involved HTIG, metronidazole, and toxoid administration. A higher risk of mortality is seen in
unvaccinated individuals than in vaccinated individuals, highlighting the critical role of tetanus vaccination.

Conclusion: Physicians should consider canine bite-induced tetanus in the differential diagnosis when patients exhibit relevant
symptoms.
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Introduction

Tetanus is a serious neurological disease characterized by muscle rigidity and spasms.' The incidence of tetanus has
declined significantly in high-income countries owing to widespread vaccination efforts, with the World Health
Organization reporting an impressive 90% reduction in global tetanus-related mortality between 1990 and 2015.
However, tetanus remains a threat to all unvaccinated people, particularly in resource-limited countries.” Clostridium
tetani, an anaerobic gram-positive bacillus, the causative agent of tetanus, thrives in spore-producing environments and
can enter through wounds, particularly puncture wounds.> Among these, animal bites, including canine bites, are
recognized as potential sources of tetanus infection.*

Clostridium tetani spores that enter the wound germinate and multiply in the anaerobic environment of the wound.’
Tetanus toxin spreads through hematogenous and lymphatic routes, resulting in peripheral motor, cranial, and sympa-
thetic nerve depression and tetanus symptoms,” of which muscle spasms and rigidity are the main symptoms. Cranial
nerve symptoms include lockjaw, risus sardonicus (facial muscle spasms), laryngospasm, and dysphagia. Difficulty in
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opening the mouth is a common initial symptom. Stiffness and painful spasms in the limb, abdominal, and paraspinal
muscle groups, as well as opisthotonos (posterior arch tension), may be observed. Sympathetic overactivity causes
autonomic instability, and symptoms such as tachycardia, bradycardia, hypertension, hypotension, and hyperhidrosis are
also observed. A unique feature of tetanus is preservation of consciousness. Clinically, this disease can be divided into
three types: generalized, localized, and cephalic tetanus.’

Although we have a firm understanding of the pathophysiology of tetanus and its association with animal bites,
specific insights into the clinical course, risk factors, and outcomes of tetanus after canine bites is limited owing to the
small number of reported cases.®”

The primary objective of this study was to present a comprehensive case report of a patient with canine-bite tetanus in
Nagakute city, Aichi prefecture, Japan, in August 2023. By analyzing this case, we aimed to identify the clinical features,
diagnostic challenges, and therapeutic considerations associated with tetanus after a canine bite. We also conducted
a literature review to identify the characteristics of tetanus following canine bites. Through this study, we hope to
emphasize the importance of maintaining vigilance in tetanus prevention, even in areas where the disease has become
uncommon.

Case Report

A 46-year-old Japanese man with no specific medical history presented to the emergency room complaining of perioral pain,
neck and shoulder stiffness, and difficulty opening his mouth, which started two days before admission. He had no history of
trauma or drug use but had experienced canine bite injuries on his right hand 3 weeks prior (Figure 1A and B). He was asked
by a friend to look after a pet canine with rabies immunization for a couple of days. When he first met that canine, he tried to
touch the canine’s head, but he startled the canine and the canine bit his right hand. The patient had not been vaccinated
against tetanus. He washed his right hand immediately after being bitten by the canine. He received 250 units of human
tetanus immunoglobulin (HTIG) intramuscularly and the tetanus toxoid vaccine subcutaneously the following day at
a hospital near his home. The use of HTIG to neutralize unbound tetanus toxin is associated with improved survival and

Figure | Right-hand wound caused by canine bite (A and B).
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is considered the standard care to prevent tetanus after an injury. The United States Centers for Disease Control and
Prevention recommends a single dose of HTIG intramuscularly in addition to wound management, antimicrobial therapy, and
tetanus toxoid vaccination.'” On admission, the patient was conscious. Although he did not have difficulty speaking, he
complained of difficulty swallowing solid foods. His blood pressure, heart rate, body temperature, and respiratory rate were
137/85 mmHg, 78 beats/min, 36.4 °C, and 16 breaths/min, respectively. Physical examination revealed hypertonicity,
particularly of the left upper limb. He could open his mouth to a maximum of 1.5 fingers width (Figure 2A), and there
were no breathing difficulties. In addition, we found that the patient experienced laughter spasms (Figure 2B). Manual
muscle testing of both upper limbs revealed a grade 4 result (implying that the patient could complete the full range of motion
[movement] against gravity while the practitioner applies moderate resistance), with no evidence of weakness in the lower
limbs. Trigeminal paralysis (mandibular area) was observed, but the sensation was normal. Cardiovascular, respiratory, and
abdominal examination results were normal. The wound on the right hand had healed; therefore, no additional cleaning or
treatment of the patient’s right hand was required. Blood tests showed normal white blood cell count (6700 cells/mm?,

Figure 2 Patient’s characteristics. The patient could not open his mouth (A), trismus, and spasmodic laughter at the time of admission (B), mouth opening after treatment
when muscle spasms disappeared (C and D).
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normal range: 3300-8600 cells/mm?>) and biochemical blood test results, except for a slight elevation in C-reactive protein
(1.64 mg/dL, normal range: <0.04 mg/dL). Urine test results were normal. The differential diagnoses were tetany due to
hypocalcemia, rabies, or Strychnine poisoning. These differential diagnoses were ruled out because the serum calcium levels
were normal (9.0 mg/dL, normal range: 8.8-10.1 mg/dL); the patient did not have symptoms specific to rabies, such as
mydriasis, increased salivation, and hydrophobia; and there was no definite history of poisoning.

Based on the clinical findings, intravenous antibiotic metronidazole (500 mg every 8 h) was initiated, and 1500 units
of HTIG was also injected into the deltoid muscle of the right upper arm following the diagnosis of generalized tetanus.

Although the patient’s wound was classified as category III exposure according to the World Health Organization
rabies exposure categories,'® we did not administer anti-rabies vaccine to the patient because the dog that bit the patient
had already been vaccinated against rabies, and no human case of rabies has been reported in Japan since 1956. In
addition, no outbreak of rabies in animals has occurred since 1957, when there was an outbreak in cats. Currently, Japan
is a rabies-free country.

Surgical debridement was not performed as the wound on his right hand had healed. Subsequently, the patient’s
condition improved gradually. The perioral, neck, and shoulder pain disappeared on hospitalization day 5, and the patient
started opening his mouth 7 days after starting treatment (Figure 2C and D). His clinical course was good without
exacerbation, and the patient was able to eat and drink without difficulty on day 8 after hospitalization. The patient
received metronidazole intravenously for 10 days. The patient was discharged after a 12-day hospital stay (Figure 3). The
patient was informed of the importance of vaccination for tetanus prevention and completed a primary series of tetanus
toxoid vaccinations after discharge. The canine that bit his hand did not show any signs of illness for 4 weeks during the
period in which it was kept in his care. Therefore, we thought it unlikely that the canine had tetanus or rabies.

Discussion

We report a rare case of tetanus caused by a canine bite. In this case, the patient developed tetanus 21 days after a canine
bite, even though the wound was washed with tap water, and was administered 250 units of HTIG and tetanus vaccine
the day after exposure. This case illustrates that even when HTIG and tetanus vaccines are administered immediately

(Aug 1,2023) Day1 : The patient washed his right hand after getting a canine bite.

Day 2 The patient was given the tetanus toxoid vaccine subcutaneously of the left upper arm and human

tetanus immunoglobulin (HTIG) 250 units was also injected into the deltoid muscle of the right upper arm.

(Aug 19, 2023) Day 19 I Perioral pain, neck and shoulder stiffness, and difficulty in opening the mouth emerged.

Day 21 The above symptoms were worsened. In addition, he complained of difficulty swallowing solid foods.

The patient was hospitalized and started with intravenous antibiotic metronidazole (500 mg every 8 h)
and intramuscular 1,500 units of HTIG were also injected.

All symptoms were gradually improved.

=
; Nagakute city, Aichi
At prefecture, in Japan.

Day 29 The patient was able to eat and drink without difficulty.
Day 31 Intravenous metronidazole was terminated.
Day 33 The patient was discharged. I,

(Sep 4, 2023) Day 35 The second tetanus toxoid vaccine was given to the patient.

Figure 3 The clinical course of the present case. The map shows the place where a 46-year-old man with tetanus after a canine bite was treated in August to
September 2023.
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after exposure, the potential for tetanus should always be considered. In the case of canine bites, we focused on
preventing rabies. However, the possibility of tetanus should be considered.

In Japan, tetanus toxoid was introduced in 1952, and the combination of tetanus toxoid, diphtheria toxoid, and pertussis
vaccine (DPT) became routine in 1968."" However, it appears that many communities were reluctant to vaccinate with the
DPT vaccine for fear of adverse reactions. In Japan, approximately 100 people develop tetanus each year, with 5-9 of these
cases resulting in fatalities.'” Notably, in Japan, all cases of tetanus have been reported to the government since 1947, and there
has been no reported case of tetanus caused by canine bites. To the best of our knowledge, the present case is the first report of
tetanus caused by a canine bite in Japan. Furthermore, in addition to routine tetanus immunization, tetanus toxoids in 10-year
intervals throughout life are also generally recommended.'? Despite these recommendations, immunity to tetanus continues to
wane among adults, including in Japan.'*'> A 2018 study in Japan clarified a sharp decline in antibody titers to tetanus in
people, particularly those over the age of 50 years.'® Therefore, to avoid cases such as the present one, it is important to
educate people over 50 years about tetanus vaccination, as well as those responsible for keeping canines, and high-risk
occupations such as veterinarians, zookeepers, and public health workers in Japan.

Notably, the patient developed tetanus even though the tetanus toxoid-containing vaccine and HTIG were administered
the day after the canine bite. We assume that this may be because he did not receive a series of tetanus vaccinations in his childhood
or that the amount of HTIG given the day after the canine bite may have been lower than the tetanus toxin, although the
recommended amount (250 units) for tetanus prophylaxis was administered intramuscularly. Also, he may have failed to develop
antibodies despite being vaccinated after exposure and did not have sufficient anti-tetanus toxin IgG titers to prevent the
development of tetanus. However, we did not measure the actual blood levels of tetanus toxin IgG titers. Another reason may
be that the memory response was not sufficient to protect against tetanus because of insufficient antibody levels for a protective
threshold. Memory B cells require 34 days to generate antibody titers after tetanus vaccination.'” Moreover, the bite site may not
have been adequately cleaned. In addition, some case reports have described occurrence of tetanus in patients who had an
appropriate vaccination history and antibody titers to prevent the disease.'® *° Therefore, physicians must carefully observe
patients during the incubation period of tetanus, even after treatment at the trauma site and administration of the tetanus vaccine
and HTIG.

Tetanus, a potentially fatal condition, is linked to various risk factors.”' The primary entry point for tetanus bacteria is
wounds, including deep punctures, cuts, burns, animal bites, or any skin break. Even seemingly minor wounds, if exposed to
tetanus spores, pose an infection risk. Contact with objects carrying Clostridium tetani spores heightens this risk, with rusty
items often implicated due to potential spore contamination. Inadequate immunization amplifies susceptibility to tetanus
infection. Tetanus vaccines, integral to childhood immunizations, necessitate periodic booster shots to maintain immunity.
Advanced age may increase vulnerability to tetanus owing to waning immunity or missed boosters. Intravenous drug use also
raises the risk of tetanus, especially if the equipment carries tetanus spores. Prevention measures for tetanus include up-to-date
vaccinations, particularly those including tetanus toxoids, and stringent hygiene practices to curtail contamination risk.** In
case of uncertain vaccination status or lack of a booster in a decade, one should seek prompt medical advice to ascertain the
need for a tetanus booster. Timely interventions and preventive measures are critical defenses against tetanus infection.”

A literature review based on the PubMed database revealed only four tetanus cases due to canine bites between 1889 and
2018 (Table 1).°° One tetanus case related to canine bite was excluded from this review because information on age, sex,
incubation period, treatment, and prognosis was unavailable.”* Including the present case, the range of onset days from injury
was 3 to 19 days, which is the typical incubation period of tetanus.** All four tetanus cases in the 2000s received HTIG,
metronidazole, and toxoid as initial treatment. HTIG is the antitoxin of choice to neutralize unbound toxins. The amount of
immunoglobulin administered to patients with tetanus varied from 1500 to 3000 to 5000 units (Table 1). There is insufficient data
on the optimal dosage, but United States guidelines suggest that a single dose of 500 international units (IU) of HTIG is as
effective as the previously recommended dose range of 30006000 IU. One unvaccinated patient died 15 days after onset due to
multi-organ failure, suggesting the importance of basic immunity using vaccines. In addition, one patient developed tetanus
despite having a protective anti-tetanus antibody level (0.22 U/mL), indicating that tetanus can develop even with adequate
antibody titers and that the presence of a protective anti-tetanus antibody level should not be used to exclude the diagnosis of
tetanus.” Furthermore, a case of localized tetanus that progressed to generalized tetanus despite administration of the recom-
mended 250 units of HTIG after exposure was reported, suggesting that the HTIG dose may have been too low.* In addition to
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Table | Literature Published in Relation to Tetanus Caused by Canine Bites Between 1889 and 2023 in English, Including the Present case®™”
Case Month, | Location Age | Sex Receiving Site of Days from | Symptoms Treatment in Intubation | Outcome | Reference
Year Vaccine for | Canine | Injury to Addition to
Tetanus in Bite Onset Cleaning
a Child Wound Site
| May, India 9 Female | Unknown Right 7 Fever, cold sweat, inability to - No Survive [6]
1889 thigh respire freely, tonic rigidity of the
whole body, and difficulty opening
the mouth.
2 Jan, 2007 | New York, 58 Male Yes Left 8 Board-like rigidity involving the HTIG + Tetanus No Survive [7]
America finger neck and back muscles, and mild toxoid IM + PEN
respiratory distress. for 10 days
3 July, Puducherry, | 50 Male No Right 14 Spasm of limb and back muscles. HTIG (5000 units) | Yes Death [8]
2012 India lower + Tetanus toxoid
limb IM + PEN + MTZ
4 Feb, Dublin, 22 Female | Yes Right 3 Trismus, generalized muscle Tetanus toxoid IM No Survive [9]
2018 Ireland hand spasms, difficulty walking, and + HTIG (3000
difficulty opening the mouth. unit) + MTZ for 10
days
Present | Aug, Aichi, Japan | 46 Male No Right 19 Perioral pain, neck and shoulder MTZ for 10 days + | No Survive -
2023 hand stiffness, and difficulty opening HTIG (1500 units)
mouth. + Toxoid IM

Abbreviations: HTIG, human tetanus immunoglobulin; IM, intramuscular injection; PEN, penicillin; MTZ, metronidazole.
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determining the appropriate amount of HTIG for protecting against tetanus, further research is needed to determine the true
protective antibody titer required to prevent disease onset and to investigate whether the tetanus antibody function is uniform.

A previous study reported no single case of tetanus from an animal bite after analysis of 8697 tetanus cases over a 14-year
period;*® the mortality rate among non-neonates was 40.18%. Being male, having an incubation period of at least 96 hours
prior to the onset of illness, and not having fever were associated with a lower mortality rate. Notably, the study also showed
a very low mortality rate (2.14%) among 2100 patients without seizures. The reason for the better outcome in the present case
without a history of tetanus immunization may also have been the fact that the patient met all these low-mortality factors.

In the present case, we could not explain why the patient developed tetanus despite the administration of HTIG and
tetanus vaccine. To date, only a few cases of tetanus caused by canine bites have been reported. Further investigation is
needed to elucidate the risk factors for tetanus development after canine bites.

Conclusions
We described a case of tetanus that developed after a canine bite. Our case highlights that even if HTIG and the tetanus vaccine are
administered immediately after exposure, in addition to wound treatment, the possibility of tetanus should always be considered.

Abbreviations
HTIG, human tetanus immunoglobulin; DPT, tetanus toxoid, diphtheria toxoid, and pertussis vaccine.
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