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Summary

In recent years, diphtheria has re-emerged in areas with inad-
equate vaccination coverage, and Europe has not been spared 
with several cases among migrants. Diphtheria is a poten-
tially fatal infection caused mainly by toxigenic strains of 
Corynebacterium diphtheriae. Due to the high mortality rate, 
especially among young children, the fight against diphtheria 
is considered one of the first conquests of immunization. In the 
history of medicine, there is a unique case of an unconventional 

response to a diphtheria outbreak in which sled dogs were used 
to overcome the supply difficulties of diphtheria antitoxin. The 
mass media followed the medical response to the outbreak and 
raised audience awareness of public health issues. The facts 
of Nome, Alaska, in 1925 can serve as a catalyst to rethink 
conventional responses to diphtheria outbreaks in low-income 
countries today and promote mass media awareness of public 
health importance.

Notes on the history of active and 
passive immunization

Ever since the advent of written evidence, it had always 
been suspected that a person who had recovered from a 
certain disease became immune to contracting it again. 
Indeed, some 2,500 years ago, Thucydides (460 BC-404 
or 399 BC; Fig. 1), in his description of an epidemic 
that struck Athens, observed that "No one has ever been 
affected a second time, or at least fatally" [1].
As early as the Middle Ages, this conviction prompted 
attempts to elicit immunity to smallpox by inoculating 
materials taken from the skin of affected patients into 
healthy subjects, a procedure that was very risky. 
However, towards the end of the 18th century, an English 
doctor named Edward Jenner introduced a procedure 
that was similar, but much safer (Fig. 2). In 1798, he 
published an investigation into the causes and effects of 
"Variolae vaccinae", a disease known as "cowpox", which 
had been discovered in some counties of England. Jenner 
described 23 cases of subjects whom he first vaccinated 
with material taken from patients with cowpox and 
subsequently contaminated with smallpox and observed 
that these subjects did not contract smallpox (Fig. 2).
Immunity is the body's ability to resist or fight a 
particular infection or toxin, i.e. to defend itself against 
diseases caused by certain bacteria or viruses; it may 
occur naturally (following exposure to bacteria or 
viruses), or it may be elicited through vaccination. 
Those who are vaccinated against a given disease do not 

usually contract that disease or else contract it only in a 
mild form.
As immunization consists of the acquisition of a state of 
immunity against a specific antigen, it helps the organism 
to defend itself against diseases caused by certain 
bacteria or viruses, enabling the subject to resist attack by 
microorganisms that would otherwise cause an infectious 
disease (this usually occurs through inoculation)  [2]. 
When immunization results from the administration of a 
vaccine, it is known as active immunization. By contrast, 
when the process is activated through immunoglobulins, 
we have passive immunization.
In the history of public health and the prevention of 
serious diseases, vaccines have proved very effective, 
improving people's health worldwide  [3]. In countries 
where vaccines are widely used, many diseases that were 
once frequent and lethal (e.g. polio and diphtheria) [4] 
have now become rarer or have been brought under 
control [5]. Indeed, in the case of smallpox, vaccination 
has enabled the disease to be eradicated.

Background and aims of the study

In recent years, diphtheria has reappeared in areas with 
poor vaccination coverage. Renewed interest has been 
raised after the outbreak in the Rohingya migrant camp 
in Bangladesh in 2017 [6]. In addition, outbreaks have 
been recorded on the African continent in the last two 
years. Specifically, at least 13416 suspected cases and 
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8576 confirmed cases of diphtheria have been registered 
in Nigeria since May 9, 2022. People with confirmed 
diphtheria were unvaccinated or partially vaccinated in 
63-9% of cases. The main reason for this epidemic is 
an historical gap in immunization coverage [7]. Europe 
has not remained untouched. Indeed, between 2022 and 
2023 an increase of reported diphtheria cases among 
migrants in Europe has been recorded. Such disease was 
correlated to a high volume of asylum seekers arriving by 
small boats to England and among migrants in Germany 
during 2022 [8, 9].
The aim of this work is to provide a comprehensive 
narrative review about the diphtheria epidemic of Nome, 
Alaska, in 1925. It will provide a new perspective on the 
success of an unconventional approach to public health 
emergencies in the history of medicine and may stimulate 
reflection on the responses to diphtheria outbreaks faced 
by low-income countries today. Scientific databases (e.g. 
PubMed and Google Scholar) and historical records 
have been reviewed.

Dogs in medicine

Throughout history, dogs have played significant roles in 
medical practice, providing emotional support, therapy, 
and even contributing to disease diagnosis and treatment. 
The evolution of their involvement in medicine reflects 
the deep connection between humans and animals, as 
well as the recognition of their extraordinary sense of 
smell and emotional sensitivity [10].
In medicine, dogs have been called "medical dogs", 
serving various roles. They have been used to assist 
people with visual impairments, to detect diseases such 

as cancer and epilepsy, to improve human mental and 
physical health [11, 12].
In addition, some dogs are trained to alert their owners 
in case of imminent emergencies and play an important 
role in search and rescue, helping to locate people who 
are lost or buried under rubble following natural disasters 
or accidents  [13, 10]. In summary, dogs' involvement 
in medicine reflects their versatility, intelligence, and 
ability to form deep bonds with humans. As further 
discussed, their presence brought tangible benefits also 
in the history of preventive medicine.

Notes on diphtheria and the history of its 
antitoxin

Diphtheria is a potentially fatal infection caused mostly 
by toxigenic strains of Corynebacterium diphtheriae. 
The disease is usually an acute respiratory infection 
characterized by the formation of a pseudomembrane in 
the throat [14]. It spreads easily as the basic reproductive 
number is 1.7-4.3 [15]. The progression of the respiratory 
form typically involves prodromal symptoms leading to 
membranous inflammation of the pharynx, tonsils, or 
larynx within 2 days. If left untreated, death may occur 
within 1-2 weeks due to asphyxia resulting from airway 
obstruction. Toxic cardiomyopathy emerges 1-2 weeks 
after the onset of respiratory symptoms in 10-25% of 
patients and contributes to 20-25% of deaths in untreated 
cases [15, 16].
Diphtheria can be fatal today, as it was at the beginning 
of the 20th century. The case-fatality ratio for untreated, 
non-vaccinates cases has been estimated at 29%, and it is 
estimated to be still 5-10% if treated. Notably, children 

Fig. 1. Tucidide (Θουκυδίδης, Thūkydídēs) (Alimunte, 460 a.C. - Atene, 
after 404 a.C., o 399 a.C.) (Adapted by the authors. Public domain 
– wikipedia commons).

Fig. 2. Jenner's discovery of the link between cowpox pus and 
smallpox in humans helped him to create the smallpox vaccine. 
(Adapted by the authors. Public domain - wikipedia commons).
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under 5 years old face a higher likelihood of death due to 
symptomatic infection compared to adults over 20 years 
old, with a relative risk [RR] of 1.5 [95% CrI, 1.4-1.6], 
due to smaller airways [15, 17, 18].
As can be seen from the manuals of the time, diphtheria 
was one of the main indications for endotracheal 
intubation due to airway complications (Fig. 3)  [19]. 
Moreover, systemic manifestations such as myocarditis 
and neuropathy may also occur. These are due to the 
diphtheria toxin, an exotoxin produced by the pathogen 
that inhibits protein synthesis and causes cell death. Skin 
infections are also possible [14]. Diphtheria toxin is the 
major known virulence factor of C. diphtheriae; the 
structural gene encoding diphtheria toxin (tox) is carried 
in the genome of a family of corynebacteriophages. 
The most virulent strains may carry two or three copies 
of tox inserted into the genome. Even though tox is of 
bacteriophage origin, the regulation of toxin production 
is under bacterial control [14]. 
C. diphtheriae, a gram-positive bacterium, was one of 
the first bacterial pathogens to be isolated and cultivated 
in pure culture. The diphtheria exotoxin is also one of 
the first toxins to be discovered 20.
As a matter of fact, Edwin Klebs (1834-1913) proved 
that C. diphtheriae was the causative agent of diphtheria 
in 1883. One year later, Friedrich August Johannes 
Loeffler (1852-1915) postulated that the damage to the 
internal organs was caused by a soluble toxin. By 1888, 
Émile Roux (1853-1933) and Alexandre Yersin (1863-
1943) demonstrated that a potent exotoxin was the most 
important virulence factor for the disease [21].
The control of diphtheria, which was one of the most 
feared childhood infectious diseases, is considered 
the first conquest of immunization  [22]. Diphtheria 
antitoxin (DAT) was developed after the demonstration 
that the blood of diphtheria-immunized animals (mainly 
horses) was effective in treating sick patients. After 
the introduction of antitoxin in 1894, the decline in 

the mortality rate accelerated to an average of over 10 
percent per year, and a similar decline was observed 
after the introduction of vaccination at the end of 
1918 in the United States  [23]. Interestingly, a recent 
systematic review found that DAT can reduce mortality 
by 76%. Thus, antibiotics must be paired with diphtheria 
antitoxin to limit morbidity also in actual management 
of the disease [15].
In the late decades of the 19th century, knowledge of 
hygienic measures, such as isolation, for diphtheria cases 
was poor. It was common practice to keep the patient in 
quarantine for 30 days after the onset of symptoms. A 
30-day isolation was also required for the re-admission 
of children to school. Nevertheless, the topic was hardly 
discussed, as stated in an original paper from Bristol, 
Great Britain, 1898 [24].

The facts of Nome, Alaska, 1925

The frontier town of Nome in Alaska was settled after 
the discovery of a gold mine in 1898. The village, 
located near the Arctic Circle and the Yukon River, was 
not served by the railroad, and was isolated from the 
state's major cities during the long winters. In fact, there 
was no train from Nenana (the local main city) to Nome 
and horses were unsuitable due to the cold. In addition, 
traveling by bicycle was too risky, as evidenced by some 
original diaries of that time [25].
In January 1925, some children of the local Eskimo 
population began to show symptoms that Curtis 
Welch, the local doctor, soon recognized as diphtheria. 
Specifically, he noted a fatal case of tonsillitis and soon 
thereafter other upper respiratory illnesses in children 
with pathognomonic membranes. Unfortunately, the 
only DAT available, manufactured by Lilly’s, had 
expired years earlier. Nevertheless, Welsh decided to use 
a few thousand units of it [26].
He immediately recognized the need for more DAT, as 
the Inuit, the indigenous people of Alaska, had little or no 
immunity to the disease. The first patient was diagnosed 
on January 11. He immediately notified the fact to 
Mayor George Maynard and a temporary board of health 
was set up. Welch continued to make recommendations, 
which the board implemented, such as closing all public 
buildings, restricting all public gatherings, restricting the 
movement of children on all roads, and restricting the 
movement of adults to official business [26]. From the 
correspondence of Governor Scott C. Bone (Governor of 
the Alaska Territory from 1921 to 1925), it is known that 
expedited transportation of DAT from Nenana to Nome 
was required beginning January 26, 1925 (Fig. 4).
The H.K. Mulford Co., Philadelphia, had the legal license 
for the production of medical products such as diphtheria 
antitoxin. The company was asked to manufacture and 
ship DAT for the urgent demand in Alaska [27].
In the region of Nome temperatures frequently 
dropped below -40 °C  [28]. Prolonged exposure to 
these temperatures may result in hypothermia, defined 
as a body temperature of 35 °C or less. When body 

Fig. 3. Image representing the instruments used in the early 20th 
century for intubation. Taken from the chapter on diphtheria of 
Handbuch der inneren Medizin. Infektionskrankheiten (1911). 
Imaged revisited by the authors from an hardcover copy of the 
manual.
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temperature falls below 32°C, depression of the 
central nervous system and altered mental status are 
reported [29]. In case of trauma, mortality increases also 
because a low body temperature interferes with clotting, 

impairing platelet adhesion and enzymatic coagulative 
function, worsening ongoing bleeding  [30]. Moreover, 
prolonged exposure to subfreezing temperatures, can 
cause tissue ischemia and necrosis through an immediate 

Fig. 5. Celebrated sled dog Balto with Gunnar Kaasen, the Nor-
wegian immigrant musher that finally and successfully delivered 
diphtheria antitoxin to Nome, Alaska in 1925 (Pictures of Public 
domain - wikipedia commons).

Fig. 6. Leonhard Seppala posing with six of his sled dogs, the first 
from left to right is the heroic Togo (Pictures of Public domain - 
wikipedia commons).

Fig. 4. Bone's correspondence files on the 1925 Serum Run to Nome. Alaska. Office of the District and Territorial Governor. Courtesy pro-
vided by Alaska State Library Historical Collections. 
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cold-induced cell death or after the reperfusion-related 
inflammatory process  [30, 31]. These injuries include 
the loss of fingers or part of the limbs [32, 33].
The transportation of DAT from Nenana – where the 
last train station was available – under such extreme 
environmental conditions required an unconventional 
method. At such an extreme point in the history of 
medicine and humanity, dogs were asked to help 
humans where advances in technology felt short. 
Indeed, Governor Bone made the decision to deploy a 
relay of several sled dog teams for the cross-country 
run. The dog sled trek was not scheduled to begin until 
January 27, when the train full of DAT units arrived in 
Nenana. In the end twenty riders and dog teams took 
part in the voyage. The two most notable teams (Figs. 5, 
6) were: Leonhard Seppala (1877-1967) with his lead 
dog Togo, a Siberian Husky (1913-1929), and Gunnar 
Kaasen (1882-1960) with his famous lead dog Balto 
(1919-1933). From January 27 to February 2, the teams 
covered 674 miles (1085 kilometers) bringing DAT units 
from Nenana to Nome [27].

Balto in medical mass media and science

Since the success of the DAT run in 1925, commemorative 
events and memorials have been organized in its honor. 
The famous statues of Balto and Togo, which can be 
seen every day in Manhattan's Central Park and Seward 
Park, show the importance of this collaboration between 
humans and non-humans in the history of science. In 
addition, at least 5 films commemorate the history of 
these sled dogs [34].
Both science and fiction love this unique experience. 
In fact, in 2023, Moon KL and colleagues published 
an article in the journal Science entitled: "Comparative 
genomics of Balto, a famous historic dog, captures 
lost diversity of 1920s sled dogs”  [35]. Thanks to this 
unconventional approach to preventive medicine, the 
diphtheria vaccination and the DAT have been known 
worldwide since 1925.

Conclusions

The history of vaccinology has been considered as the 
chronicle of medical contributions of vaccinologists and 
public health practitioners coupled with unconventional 
methods such as human-animal cooperation  [27]. 
The steady supply of diphtheria treatment, including 
diphtheria antitoxin, to achieve the best clinical 
outcomes of high-risk patients was a priority in 1925 
as it is in 2024; as recently emphasized  [7]. As well 
described in the recent diphtheria epidemic in Nigeria, 
the main causes of the outbreak were low vaccination 
coverage, inadequate availability of drugs, an inefficient 
cold chain system and cultural barriers combined with 
environmental factors  [36]. Interestingly, in 1925 
Alaskans natives believed the disease was caused by 
an angry supernatural spirit; depicting how cultural 

beliefs impact health practice acceptance in the present 
and in the past  [37]. It is our opinion that rethinking 
unconventional approaches to DAT and antibiotics 
delivery could shape the ongoing diphtheria epidemics 
in developing countries. Unconventional methods could 
be hypothesized also to reduce vaccination hesitancy of 
local populations.
Moreover, as the paper indicates, the facts of Nome 
were discussed daily by the American public and later 
left their mark on popular culture. The mass media, 
then as now, had a major impact on curbing the spread 
of infectious diseases by raising public awareness 
and limiting the occurrence of future outbreaks in the 
years to come [38]. Newspapers and radio that time as 
modern mass media now follow vaccination campaigns 
in high-income countries with interest and enthusiasm. 
Nevertheless, there is a media gap in some parts of the 
world that are heavily affected by infectious diseases.
We believe that the lessons learned from the 1925 No-
me outbreak should both enhance the dissemination of 
epidemic-related information and promote unconven-
tional approaches to managing and mitigating the ongo-
ing diphtheria epidemics in developing countries. Nev-
ertheless, vaccination must be strengthened worldwide 
as the most important prevention goal to avoid extreme 
remedies such as the one of Nome. As a matter of fact, 
vaccination is able to mitigate epidemic and pandemic 
respiratory diseases such as influenza; still related to 
respiratory and cardiovascular mortality also in people 
under 65 years [39].

Funding

This research received no external funding.

Informed consent statement

Not applicable.

Data availability statement

Not applicable.

Conflict of interest statement

The authors declare that the research was conducted in 
the absence of any commercial or financial relationships 
that could be construed as a potential conflict of interest.

Authors’ contributions

OS, MM: designed the study. OS: conceived the 
manuscript. OS, LC, MM: drafted the manuscript. MC, 
AP, OS, MM: revised the manuscript. OS, LC, MC, 
AP: performed a search of the literature. SdB, MC, AP: 



THE FIGHT AGAINST DIPHTERIA (ALASKA, 1925)

E103

critically revised the manuscript; conceptualization, and 
methodology. OS, MM; investigation and data curation. 
MC, AP, OS, SdB: original draft preparation. OS: review. 
All authors have read and approved the latest version of 
the paper for publication.

References

[1]	 Tucidide. La guerra del Peloponneso. L. Canfora (a cura di). 
Einaudi-Gallimard, Torino 1996 [Collana Biblioteca della 
Pléiade].

[2]	 Orsini D, Martini M. From inoculation to vaccination: the fight 
against smallpox in Siena in the 18th and 19th centuries. Infez 
Med 2020;28:634-41.

[3]	 Parodi A, Martini M. History of vaccine and immuniza-
tion: Vaccine-hesitancy discussion in Germany in XIX cen-
tury. Vaccine 2023;41:1989-93. https://doi.org/10.1016/j.vac-
cine.2023.02.029.

[4]	 Martini M, Orsini D. The fight against poliomyelitis through 
the history: past, present and hopes for the future. Albert Sabin's 
missing Nobel and his "gift to all the world's children". Vaccine 
2022;40:6802-5. https://doi.org/10.1016/j.vaccine.2022.09.088.

[5]	 Bragazzi NL, Gianfredi V, Villarini M, Rosselli R, Nasr A, Hus-
sein A, Martini M, Behzadifar M. Vaccines Meet Big Data: 
State-Of-The-Art And Future Prospects. From the Classical 3Is 
("Isolate-Inactivate-Inject") Vaccinology 1.0 to Vaccinology 3.0, 
Vaccinomics, and Beyond: A Historical Overview. Front Public 
Health. 2018;6:62. https://doi.org/10.3389/fpubh.2018.00062.

[6]	 Eisenberg N, Panunzi I, Wolz A, Burzio C, Cilliers A, Islam 
MA, Noor WM, Jalon O, Jannat-Khah D, Gil Cuesta J. Diphthe-
ria Antitoxin Administration, Outcomes, and Safety: Response 
to a Diphtheria Outbreak in Cox's Bazar, Bangladesh. Clin In-
fect Dis 2021;73:e1713-8. https://doi.org/10.1093/cid/ciaa1718.

[7]	 Balakrishnan VS. Diphtheria Outbreak in Nigeria. Lan-
cet Microbe 2024;5:e11. https://doi.org/10.1016/S2666-
5247(23)00330-0.

[8]	 O'Boyle S, Barton HE, D'Aeth JC, Cordery R, Fry NK, Litt 
D, Southgate R, Verrecchia R, Mannes T, Wang TY, Stewart 
DE, Olufon O, Dickinson M, Ramsay ME, Amirthalingam 
G. National public health response to an outbreak of toxi-
genic Corynebacterium diphtheriae among asylum seekers in 
England, 2022: a descriptive epidemiological study. Lancet 
Public Health 2023;8:e766-75. https://doi.org/10.1016/S2468-
2667(23)00175-5.

[9]	 Badenschier F, Berger A, Dangel A, Sprenger A, Hobmaier B, 
Sievers C, Prins H, Dörre A, Wagner-Wiening C, Külper-Schiek 
W, Wichmann O, Sing A. Outbreak of imported diphtheria 
with Corynebacterium diphtheriae among migrants arriving in 
Germany, 2022. Euro Surveill 2022;27:2200849. https://doi.
org/10.2807/1560-7917.ES.2022.27.46.2200849.

[10]	 Houpt KA. Domestic Animal Behavior for Veterinarians and 
Animal Scientists. John Wiley & Sons 2018.

[11]	 Grandgeorge M, Bourreau Y, Catherine N, Tordjman S. La zoot-
erapia nella riabilitazione: una revisione sistematica. La Presse 
Médicale 2012;41:e477-87.

[12]	 Herzog H. The impact of Pets on Human Health and psycholog-
ical Well-Being. Curr Dir Psychol Sci 2011;20:236-9. https://
doi.org/10.1177/0963721411415220.

[13]	 Marino L, Scott O. Lilienfeld. Dolphin-Assisted Therapy: 
More Flawed Data and More Flawed Conclusions. Anthrozoös 
2007;20:239-49. https://doi.org/10.2752/089279307X224782.

[14]	 Sharma NC, Efstratiou A, Mokrousov I, Mutreja A, Das B, 
Ramamurthy T. Diphtheria. Nat Rev Dis Primers 2019;5:81. 
https://doi.org/10.1038/s41572-019-0131-y.

[15]	 Truelove SA, Keegan LT, Moss WJ, Chaisson LH, Macher E, 
Azman AS, Lessler J. Clinical and Epidemiological Aspects of 

Diphtheria: A Systematic Review and Pooled Analysis. Clin In-
fect Dis 2020;71:89-97. https://doi.org/10.1093/cid/ciz808.

[16]	 Dash N, Verma S, Jayashree M, Kumar R, Vaidya PC, Singh M. 
Clinico-epidemiological profile and predictors of outcome in 
children with diphtheria: a study from northern India. Trop Doct 
2019;49:96-101. https://doi.org/10.1177/0049475518823657.

[17]	 Muscat M, Gebrie B, Efstratiou A, Datta SS, Daniels D. Diph-
theria in the WHO European Region, 2010 to 2019. Euro Sur-
veill 2022;27:2100058. https://doi.org/10.2807/1560-7917.
ES.2022.27.8.2100058.

[18]	 Exavier MM, Paul Hanna M, Muscadin E, Freishstat RJ, Brisma 
JP, Canarie MF. Diphtheria in Children in Northern Haiti. J Trop 
Pediatr 2019;65:183-7. https://doi.org/10.1093/tropej/fmy021.

[19]	 Handbuch der inneren Medizin v. 1, 1911. J. Springer, 1911.

[20]	 Collier R.J. Understanding the Mode of Action of Diphthe-
ria Toxin: A Perspective on Progress during the 20th Century. 
Toxicon 2001;39:1793-803. https://doi.org/10.1016/S0041-
0101(01)00165-9.

[21]	 Murphy JVPE, Banwell AHR, McGrouther DA. J Trauma. 
2000;48:171-8. https://doi.org/10.1097/00005373-200001000-
00036.

[22]	 Rappuoli R, Malito E. History of Diphtheria Vaccine Develop-
ment. In: Burkovski A, eds. Corynebacterium diphtheriae and 
Related Toxigenic Species. Springer, Dordrecht 2014, pp. 225-
38.

[23]	 Kleinman LC. To End an Epidemic. Lessons from the His-
tory of Diphtheria. N Engl J Med 1992;326:773-7. https://doi.
org/10.1056/NEJM199203123261118.

[24]	 Bertram MHR. Isolation after Diphtheria Bristol Med Chir J 
(1883) 1898;16:101-8.

[25]	 Rosen J. La magia delle due ruote. Storie e segreti della biciclet-
ta in giro per il mondo. Bollati Boringhieri 2023.

[26]	 Welch C. The Diphtheria Epidemic at Nome. JAMA 1925;84:1290-
1. https://doi.org/10.1001/jama.1925.02660430048031.

[27]	 Aboul-Enein BH, Puddy WC, Bowser JE. The 1925 Diphtheria 
Antitoxin Run to Nome - Alaska: A Public Health Illustration 
of Human-Animal Collaboration. J Med Humanit 2019;40:287-
96. https://doi.org/10.1007/s10912-016-9428-y.

[28]	 Salisbury G, Laney S. The Cruellest Miles: The Heroic Story 
of Dogs and Men in a Race Against an Epidemic. Bloomsbury 
Publishing PLC. 2023.

[29]	 Durrer B, Brugger H, Syme D; International Commis-
sion for Mountain Emergency Medicine. The medical on-
site treatment of hypothermia: ICAR-MEDCOM recom-
mendation. High Alt Med Biol 2003;4:99-103. https://doi.
org/10.1089/152702903321489031.

[30]	 Wolberg AS, Meng ZH, Monroe DM 3rd, Hoffman M. A sys-
tematic evaluation of the effect of temperature on coagulation 
enzyme activity and platelet function. J Trauma 2004;56:1221-
8. https://doi.org/10.1097/01.ta.0000064328.97941.fc.

[31]	 Murphy JV, Banwell PE, Roberts AH, McGrouther DA. Frost-
bite: pathogenesis and treatment. J Trauma 2000;48:171-8. htt-
ps://doi.org/10.1097/00005373-200001000-00036.

[32]	 Pandolf KB, Burr RE. Medical Aspects of Harsh Environments. 
Department of the Army 2001.

[33]	 Carceller A, Javierre C, Ríos M, Viscor G. Amputation Risk 
Factors in Severely Frostbitten Patients. Int J Environ Res Public 
Health 2019;16:1351. https://doi.org/10.3390/ijerph16081351.

[34]	 “Find.” n.d. IMDb. Available at: https://www.imdb.com/
find/?q=balto&ref_=nv_sr_sm (Accessed on: March 3, 2024).

[35]	 Moon KL, Huson HJ, Morrill K, Wang MS, Li X, Srikanth K; 
Zoonomia Consortium; Lindblad-Toh K, Svenson GJ, Karlsson 
EK, Shapiro B. Comparative genomics of Balto, a famous his-
toric dog, captures lost diversity of 1920s sled dogs. Science 
2023;380:eabn5887. https://doi.org/10.1126/science.abn5887.

[36]	 Abdulrasheed N, Lawal L, Mogaji AB, Abdulkareem AO, Sh-
uaib AK, Adeoti SG, Amosu OP, Muhammad-Olodo AO, Lawal 



O. SIMONETTI ET AL.

E104

AO, Jaji TA, Abdul-Rahman T. Recurrent diphtheria outbreaks 
in Nigeria: A review of the underlying factors and remedies. 
Immun Inflamm Dis 2023;11:e1096. https://doi.org/10.1002/
iid3.1096.

[37]	 Schilp JL. Dogs in Health Care Pioneering Animal-Human 
Partnerships. Jefferson: McFarland & Company, Incorporated 
Publishers 2019.

[38]	 Quantifying the Potential Impact of Mass Media Campaigns on 
Mitigating the Spread of Chikungunya Virus during Outbreaks 
in Heterogeneous Population. Informatics in Medicine Un-
locked 2023;40:101296.

[39]	 Gasparini R, Bonanni P, Amicizia D, Bella A, Donatelli I, Cris-
tina ML, Panatto D, Lai PL. Influenza epidemiology in Italy two 
years after the 2009-2010 pandemic: need to improve vaccina-
tion coverage. Hum Vaccin Immunother 2013;9:561-7.

Received on March 16, 2024. Accepted on March 28, 2024.

Correspondence: Mariano Martini, Department of Health Sciences, University of Genoa, IRCCS San Martino Polyclinic Hospital. Genoa, 
Italy. Largo Rosanna Benzi, 16132 Genoa.

How to cite this article: Simonetti O, Cosimi L, Cigana M, Penco A, Di Bella S, Martini M. Balto and Togo during the cold winter of 
Alaska (1925): the two canine heroes in the fight against diphtheria. J Prev Med Hyg 2024;65:E98‑E104. https://doi.org/10.15167/2421-4248/
jpmh2024.65.1.3229

© Copyright by Pacini Editore Srl, Pisa, Italy

This is an open access article distributed in accordance with the CC‑BY‑NC‑ND (Creative Commons Attribution‑NonCommercial‑NoDerivatives 4.0 International) license. 
The article can be used by giving appropriate credit and mentioning the license, but only for non‑commercial purposes and only in the original version. For further infor-
mation: https://creativecommons.org/licenses/by‑nc‑nd/4.0/deed.en


