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RESUMO.- [Causas de morte em animais de companhia, 
produção e selvagens: revisão sistemática e análise de 
Códigos Garbage.] Animais de companhia, produção e 
selvagens tem várias diferenças biológicas, comportamentais 
e ecológicas que podem culminar em condições patológicas 
distintas. Além disso, não há códigos padronizados para 
a classificação de doenças em animais, como é o caso dos 
humanos, resultando em apresentações variadas dos achados 
entre estudos. A padronização desses dados pode auxiliar os 
clínicos a identificarem doenças e facilitar a comunicação 
entre médicos veterinários. Uma revisão sistemática da 
literatura foi conduzida entre cinco bases de dados acerca 
das principais causas de morte de acordo com os domínios de 
animais de “companhia”, “produção” e “selvagens”. A análise 
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Companion, livestock, and wild animals have various biological, behavioral, and ecological 
differences that may lead to distinct pathological conditions. Moreover, unlike human medicine, 
there is no standardized code for classifying diseases in animals, resulting in varied presentations 
of findings across studies. Standardizing these data can help clinicians identify diseases and 
facilitate communication among veterinarians. A systematic review of the literature was 
conducted across five databases to identify the main causes of animal death in the domains 
“companion”, “livestock”, and “wild” animals. The analysis included the 31 articles provided 
in the evidence summary section. Subsequently, the causes of death were classified according 
to the International Classification of Diseases, tenth revision (ICD-10) and analyzed according 
to the presence of Garbage Codes. There was considerable diversity in the causes of death and 
how they were assessed and reported in each domain. Each species and domain demonstrated 
a high proportional mortality of causes uncommon in other domains. The companion domain 
included seven articles, livestock had nine articles, and wild animals had fifteen articles with 
66.85%, 71.43 %, and 20.06% Garbage Codes, respectively. The different causes of death and their 
descriptions indicate a low level of uniformization in the presentation of findings in veterinary 
medicine. The causes varied based on the domains and species investigated, highlighting 
real distinctions between these populations. The application of ICD-10 for standardizing the 
diagnosis of animal mortality proved useful in detecting highly prevalent Garbage Codes.
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incluiu 31 artigos dispostos no sumário de evidências. Em 
seguida, as causas de morte foram classificadas de acordo 
com a Classificação Internacional de Doenças, décima revisão 
(CID-10) e analisada quanto a presença de Códigos Garbage. 
Verificou-se uma diversidade considerável nas causas de 
morte e como foram acessadas e reportadas em cada domínio. 
Cada espécie e domínio demonstrou uma alta mortalidade 
proporcional de causas que são incomuns aos outros. O domínio 
de animais de companhia incluiu sete artigos, o de produção 
nove e animais selvagens quinze artigos com 66,85%, 71,43% 
e 20,06% de Códigos Garbage, respectivamente. As diferentes 
causas de morte e suas descrições indicam um baixo nível de 
padronização para a apresentação de achados na medicina 
veterinária. As causas variaram bastante de acordo com os 
domínios e espécies investigados, mostrando distinções 
reais entre essas populações. A aplicação da CID-10 para a 
padronização de diagnósticos de mortalidade animal provou-
se útil em detectar a alta prevalência de Códigos Garbage.

TERMOS DE INDEXAÇÃO: Bem-estar do animal, causas de mortalidade, 
Códigos Garbage, CID-10, Saúde Única.

INTRODUCTION
The concept that human health is interconnected with animal 
and environmental health, known as One Health, has prompted 
several strategies and approaches to improve animals’ life 
expectancy and health span (Douphrate 2021). Strategies 
based on One Health comprise collaborative activities capable 
of having an impact on health threats shared among humans, 
animals and the environment, such as zoonotic diseases 
(Sinclair 2019). Understanding the causes of animal death is 
crucial for developing such approaches. However, given the 
unique characteristics of each species and the absence of a 
standardized system to classify the causes of death, identifying 
the most important intervention points is challenging.

There are biological, behavioral, and ecological characteristics 
that differentiate companion, production, and wild animals, 
the latter being more challenging to have their causes of 
death precisely diagnosed due to delays in carcass collection 
and evaluation (Ryser-Degiorgis 2013). Even under human 
care, wild animals may present unique diseases that require 
etiological investigation and screening methods to ensure their 
preservation and survival (Peck et al. 2019, Krol et al. 2020).

Livestock farmers are adapting their production models 
by implementing interventions such as providing comfortable 
living environments to enhance production and improving 
husbandry practices to minimize stress and pain, which 
influences the quality of animal products (Duncan 2005, 
Douphrate 2021, Vigors et al. 2021). Livestock animals’ 
deaths represent a financial loss and negatively affect the 
welfare of the other animals on the farm. However, the causes 
of death and accurate diagnoses in this group of animals 
remain unclear, lack documentation, and are frequently only 
investigated when productivity is compromised. Understanding 
their pathological conditions can help improve management 
and production efficiency (Christensen & Svensmark 1997, 
Thomsen et al. 2004, McConnel et al. 2019).

 Companion animals also possess unique characteristics that 
can predispose or lead to death (Pegram et al. 2021). Age, breed, 
and environment are key epidemiological factors for companion 
animals that may be accounted for when investigating their causes 
of death (Nascimento et al. 2022). Zoonotic diseases are of great 

importance when assessing the causes of death in companion 
animals, given the potential that some infectious diseases have 
to be transmitted from animals to humans, especially when they 
co-exist in the same environment. This reinforces the necessity 
of reliable reporting mechanisms, robust data collection and 
surveillance (Cross et al. 2019, Kimani et al. 2019).

The post mortem examination acts as a versatile tool to 
help analyze the causes of death and verify the influence of 
epidemiological factors on dead animals, thus enabling the 
monitoring of possible causes of illness (Küker et al. 2018, 
Pereira et al. 2020). However, post mortem procedures, record-
keeping practices, and terminology are not standardized and 
vary greatly among different institutions (Strong et al. 2017, 
Heaver & Waters 2019).

When evaluating the health of human beings, the 
standardization of medical and clinical conditions is achieved 
through the 10th revision of the International Statistical 
Classification of Diseases and Related Health Problems (ICD-
10) World Health Organization (WHO 2004) and recorded on 
human death certificates. However, despite providing rules 
and classifying health conditions, some codes are considered 
“Garbage Codes”, which are non-specific and inaccurate causes 
of death that have low informational value and do not help in 
the development of health intervention strategies (Naghavi 
et al. 2010, Eng et al. 2024). Erroneous classification caused 
by the use of Garbage Codes can affect the statistical accuracy 
of the health system, leading to the underestimation of 
certain medical issues (França et al. 2022). Causes of death 
recorded as Garbage Codes constitute approximately 25% of 
all causes of human deaths in Korea (Lee et al. 2016), 29% 
in Norway (Ellingsen et al. 2022) and 30% in Brazil (Lima et 
al. 2019), representative ratios that should not be ignored. 
When detailing the reported causes of death in animals, in 
addition to the lack of an international reporting method, the 
diversity of domains, species and means of investigation can 
influence the presence of Garbage Codes, making it difficult 
to classify the deaths correctly.

Therefore, we conducted a systematic review to identify 
the main causes of animal death across wild, livestock, and 
companion animal domains and to compare the post mortem 
examination findings among various species. We also analyzed 
intraspecific factors to determine if they affected the onset of 
health problems. The causes of death were classified using 
the ICD-10 and evaluated for Garbage Codes. The aim of this 
study was to quantify and classify the causes of animal deaths 
and assess the utility of this classification to improve the 
dialogue between veterinarians and researchers.

MATERIALS AND METHODS
Ethical approval. Since all the data were obtained from 

database literature searches, this study did not perform any animal 
experiments. The submission to the Ethics Committee on Animal 
Use (CEUA) was unnecessary.

Search strategy. A systematic literature review was conducted 
in accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines (Page et al. 2021). 
The study included the PubMed/MEDLINE, EMBASE, LILACS, SciELO, 
and BVS Salud databases and retrieved articles in any language 
without time restrictions published until August 26, 2023. The 
following search terms and Boolean operators were applied: (death 
diagnosis) AND (epidemiology) AND (determination of death) AND 
(animal) AND (veterinary) NOT (marine animals).
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zzData extraction. Two independent researchers (M.S. and R.N.) 
collected and stored the data in electronic files. Discrepancies arising 
from the extracted information were resolved by a third researcher 
(E.S.). After a thorough review of the full text and application of 
the inclusion and exclusion criteria, the following information was 
extracted from the included articles: author(s), date of publication, 
country, type of study, entity where the study was conducted, species 
investigated, sample size, animal housing environment, post mortem 
examination methods, and main causes of death.

ICD-10 and Garbage Code analysis. The primary causes of death 
verified in this study were mapped using the closest corresponding 
codes according to the ICD-10 by two independent researchers 
(E.S. and R.L.). In cases of disagreement between the codes, a third 
researcher (S.A.) provided their classifications. The four main codes 
obtained in each domain were arranged as a percentage relative to 
the total deaths, while the remaining codes comprised the “others” 
variable. The Garbage Codes verified in each study were inserted 
into the tables. Garbage Codes were considered as the nonspecific 
causes of death that can be redistributed into smaller groups, 
intermediate causes of death, immediate causes of death that are the 
final consequences of diseases, and codes that are not the primary 
causes of death (Naghavi et al. 2010).

RESULTS
Systematic review and summary of evidence. After 

selection, 31 articles were included in the qualitative analysis 
and systematic review, including 68,114 animals whose causes 
of death were investigated. Details of the complete study 
selection process are provided in the PRISMA flowchart (Fig.1).

Companion animals. Table 1 summarizes the characteristics 
and key findings data from the companion animal articles, 
four of which included dogs (Canis lupus familiaris) and data 
obtained from surveys of owners (Proschowsky et al. 2003, 
Mandigers et al. 2006, Adams et al. 2010, Inoue & Sugiura 
2021), which contributed to memory and classification biases. 
Adams (2010) was the only author who used questionnaires 
to ascertain the number of dogs that underwent post mortem 
examinations, which represents a small sample size, emphasizing 
the subjectivity of verifying causes of death in these studies. 
The only study that performed necropsies to determine the 
causes of death in dogs categorized them by systemic groups, 
and by doing so, it did not specify causes, failing to describe 
the disease itself that caused the death (Dias-Pereira 2022). 

Fig.1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart for study selection and inclusion.
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All the studies involving dogs have shown a high prevalence 
of neoplasia/cancer as a cause of death. Other causes of death 
in some of them, such as behavior (Mandigers et al. 2006) 
and car accidents (Bonnett et al. 2005), were not variables 
measured, or their frequencies were not similar in all studies. 
Furthermore, Proschowsky (2003) demonstrated that 
breed has a distinctive role in factors related to dog deaths 
(Proschowsky et al. 2003).

The only selected study investigating causes of death in 
cats (Felis catus) used an animal health surveillance system 
to extract clinical information from the study participants 
(O’Neill et al. 2015). The studies regarding dogs showed that 
the more prevalent cause of death was neoplasia; however, 
the cat study stated that there is a higher frequency of deaths 
due to trauma and renal disease, which were rarely observed 
in the mentioned studies on dogs.

Livestock animals. Table 2 compiles the article characteristics 
and key findings regarding livestock animals, including six 
studies on Bos sp. (Mulei et al. 1995, Svensson et al. 2006, 
McConnel et al. 2009, Waldner et al. 2009, Fusi et al. 2017, 
Molossi et al. 2021), one on Sus domesticus (Engblom et al. 
2008) and two studies on bird species (Brochu et al. 2019, 
Cadmus et al. 2019). Data collection varied among studies, 
using university records (Mulei et al. 1995, Molossi et al. 
2021), monitoring program databases (Engblom et al. 2008), 
necropsies performed by researchers (Svensson et al. 2006, 
Waldner et al. 2009, Brochu et al. 2019, McConnel et al. 
2019), and partner veterinarians’ records (Fusi et al. 2017, 
Cadmus et al. 2019).

Engblom et al. (2008) reported that Sus scrofa domesticus 
had a high frequency of arthritis and osteochondrosis, which 
was not reported in the species by other authors. 

Cadmus et al. (2019) and Brochu et al. (2019) conducted 
studies on several species kept in small poultry farms and 
divided the causes of death into infectious and noninfectious. 
The discrepancy between the causes of death in the two 
studies can be attributed to the sample size, differences in 
standardization and data collection methods. However, the 
proportions of infectious and noninfectious causes of death 
were similar.

Research on the causes of death in calves (Bos taurus) found 
that the most frequent causes were related to respiratory 
illnesses, especially pneumonia. Other causes, such as feeding, 
trauma, and tick-borne diseases, were also reported (Mulei 
et al. 1995, Svensson et al. 2006). The authors approached 
categorization differently.

As for dairy cows, Fusi et al. (2017) and McConnel et al. 
(2009) reported the causes of death in contrasting stances, 
although the studies share some similarities. Both evaluated 
diseases related to the consequences of conception, specifically 
metritis (McConnel et al. 2009) and calving problems (Fusi 
et al. 2017). The two studies used different data collection 
methods.

As to the causes of death in beef cattle (Waldner et al. 
2009, Molossi et al. 2021), there was a high diversity among 
the groups with interesting findings, such as intoxication by 
poisonous plants.

Wildlife. Table 3 outlines the data containing the articles’ 
characteristics and key findings on wildlife animals. LaRose 

Table 1. Summary of evidence with relevant data found in companion animals articles systematic review
Author 
(year) Country Study type Study 

setting Species Sample 
size

Methods of 
evaluation Main causes of death Garbage 

Codes
Proschowsky 
et al. (2003)

Denmark Cross-
sectional

Danish 
Kennel Club

Diverse breeds of dogs
(Canis lupus familiaris)

2928 Questionnaire Old age (n=609)
Cancer (n=425)

Combinations (n=380)
Behavior problems (n=188)

R54
C80

R68.8
F91

Bonnet et al. 
(2005)

Sweden Cohort - Diverse breeds of dogs
(Canis lupus familiaris)

31057 Insurance 
company registry

Car accident (n=2342)
Idiopathic epilepsy (n=968)

Hip dysplasia (n=844)
Signs of heart failure (n=723)

Y33
I50.9

Mandigers 
et al. (2006)

Netherlands Cross-
sectional

- Dobermann
(Canis lupus familiaris)

81 Questionnaire Behavior (n=16)
Heart failure (n=12)

Tumors (n=11)
Accident (n=7)

F91
I50
C80

X59.9
Adams et al. 

(2010)
United 

Kingdom
Cross-

sectional
- Diverse breeds of dogs

(Canis lupus familiaris)
15881 Questionnaire Cancer (n=4282)

Old age (n=2829)
Cardiac (n=1770)
Urologic (n=783)

C80
R54

I50.9

Inoue & 
Sugiura 
(2021)

Japan Cohort - Diverse breeds of dogs
(Canis lupus familiaris)

5115 Questionnaire Senility (n=1322)
Neoplasia (n=1117)
Unknown (n=893)

Cardiovascular (n=495)

R54
C80
X59

I50.9
Dias-Pereira 

(2022)
Portugal Cohort University 

of Porto
Diverse breeds of dogs
(Canis lupus familiaris)

259 Necropsy
Histopathology

Neoplasia (n=120)
Old age (n=47)

Cardiovascular failure (n=44)
Inflammation (n=38)

C80
R54

I50.9
A41

O’Neill et al. 
(2015)

England Cross-
sectional

- Cat
(Felis catus)

3309 Epidemiological 
analysis of 

electronic patient 
records

Trauma (n=405)
Renal disorder (n=399)

Neoplasia (n=356)
Mass lesion disorder (n=336)

C80
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Table 2. Summary of evidence with relevant data found in livestock animals articles systematic review
Author 
(year) Country Study type Study setting Species Sample 

size
Methods of 
evaluation Main causes of death Garbage 

Codes
Mulei 
et al. 

(1995)

Kenya Cross-
sectional

Faculty of 
Veterinary 
Medicine, 

Kabete

Dairy calf
(Bos taurus)

345 Necropsy
Histopathology

Microbiology
Parasitology

Alimentary tract diseases (n=108)
Respiratory tract diseases (n=58)

Tick-borne diseases (n=46)
Musculoskeletal system (n=24)

R29

Svensson 
et al. 

(2006)

Sweden Longitudinal Latnmännen 
Analycen AB

Dairy calf
(Bos taurus)

421 Necropsy
Histopathology

Microbiology

Pneumonia (n=64)
Trauma (n=42)
Enteritis (n=39)

Malformations (n=11)
Waldner 

et al. 
(2009)

Canada Longitudinal - Dairy calf
(Bos taurus)

184 Necropsy
Histopathology

Traumatic reticuloperitonitis 
(n=15)

Malignant neoplasia (n=13)
Calving-associated injury (n=12)

Rumen tympany (n=11)

C80

McConnel 
et al. 

(2009)

United 
States

Longitudinal Veterinary 
Diagnostic 
Laboratory, 

Colorado State 
University 

Dairy calf
(Bos taurus)

94 Necropsy
Histopathology

Severe limb injury (n=7)
Gastrointestinal ulceration (n=6)

Metritis (n=6)
Spinal injury (n=6)

Fusi 
et al. 

(2017)

Italy Longitudinal - Dairy calf
(Bos taurus)

251 Questionnaire Metabolic/digestive disorders 
(n=56)

Mastitis/udder problems (n=43)
Calving problems (n=35)

Lameness/locomotor disorders 
(n=31)

F82

Molossi 
et al. 

(2021)

Brazil Cross-
sectional

Department 
of Veterinary 

Pathology, 
Federal 

University of Rio 
Grande do Sul

Dairy calf
(Bos taurus taurus)
(Bos taurus indicus)

1277 Necropsy
Microbiology

Histopathology
Immunohistochemical

Parasitology

Inconclusive(n=272)
Hemoprotozoal infection (n=183)

Senecio sp. intoxication (n=86)
Rabies (n=83)

R99

Engblom 
et al. 

(2008)

Sweden Longitudinal National 
Veterinary 
Institute

Sow
(Sus domesticus)

96 Necropsy
Histopathology

Microbiology

Arthritis (n=35)
Osteochondrosis (n=13)

Fracture (n=10)
Abscess in spinal cord (n=7)

Cadmus 
et al. 

(2019)

United 
States

Cross-
sectional

- Chicken
(Gallus gallus 
domesticus)

Turkey
(Meleagris gallopavo)

Duck
(Anatidae)

Geese
(Anser)

2687 Multiple veterinary 
records

Neoplastic/lymphoproliferative 
(n=1131)

Infectious (n=970)
Noninfectious (n=463)
Undetermined (n=123)

C80
A41.9
R99

Brochu 
et al. 

(2019)

Canada Cross-
sectional

Animal Health 
Laboratory

Chicken
(Gallus gallus 
domesticus)

Turkey
(Meleagris gallopavo)

Duck
(Anatidae)

Quail
(Coturnis coturnis)

Peafowl
(Pavo cristatus)

Pheasant
(Phasianus colchicus)

245 Necropsy
Histopathology

Microbiology
Parasitology

Immunohistochemistry

Mixed respiratory infection 
(n=52)

Bacterial (n=42)
Viral (n=30)

Metabolic or nutritional (n=28)

A41.9

et al. (2010) and Simpson et al. (2013) conducted studies 
on red squirrels (Sciurus vulgaris) at locations with similar 
environmental conditions, providing greater homogeneity 
between the samples. Both studies identified road traffic 
accidents (RTA) as the most common cause of death. Death 

due to trauma (LaRose et al. 2010) and predation (Simpson 
et al. 2013) have also been observed. The presence of species-
specific diseases, such as the squirrel pox virus (LaRose et al. 
2010), at certain periods, has a great impact on the causes of 
death of wild animals. 
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Table 3. Summary of evidence with relevant data found in wildlife animals articles systematic review
Author 
(year) Country Study type Study setting Species Sample 

size
Methods of 
evaluation Main causes of death Garbage 

Codes
Gallagher 
& Nelson 

(1979)

England Cross-
sectional

Gloucester 
Veterinary 

Investigation 
Centre

European badger
(Meles meles)

530 Autopsy
Mycobacterial 

isolations
Bacteriology

Histopathology

RTA (n=460)
Tuberculosis (n=26)
Bite wounds (n=11)

Starvation (n=10)

Akdesir et 
al. (2018)

Switzerland Cross-
sectional

University of 
Bern

Stone marten
(Martes foina)

Badger
(Meles meles)

Polecat
(Mustela putorius)

Pine marte
(Martes martes)

Stoat
(Mustela erminea)

Weasel
(Mustela nivalis)

Otter
(Lutra lutra)

566 University of Bern 
records

Trauma (n=102)
Undetermined (n=98)

Distemper virus (n=60)
Streptococcus sp 

(n=32)

R99

Sileo et al. 
(1990)

United 
States

Cross-
sectional

Sand Island of 
Midway Atoll

Laysan albatross 
(Diomedea immutabilis)

137 Dissection
Necropsy
Ancillary 

examination

Dehydration (n=46)
Suspect dehydration 

(n=24)
Lead poisoning (n=15)

Trauma (n=15)
Work 

& Hale 
(1996)

United 
States

Cross-
sectional

Natural 
Wildlife 

Health Center, 
Honolulu Field 

Station

Barn owls (Tyto alba)
Hawaiian owls
(Asio flammeus 
sandwichensis)

81 Necropsy
Histopathology

Microbiology

Trauma (n=40)
Infectious disease 

(n=22)
Emaciation (n=17)

Undetermined (n=7)

B99
R99

Pennycott 
et al. 

(1998)

Scotland Cross-
sectional

Highland 
Region

Strathclyde 
Region

Grampian 
Region

Chaffinch (Fringilla 
coelebs)

Greenfinch (Carduelis 
chloris)

Bullfinch (Pyrrhula 
pyrrhula)

Bramblefinch (Fringilla 
montifringilla)

Siskin (Carduelis spinus)
Goldfinch (Carduelis 

carduelis)
Lesser redpoll (Acanthis 

flammea)

116 Necropsy
Microbiology
Parasitology

Histopathology

Salmonellosis (n=50)
O86 colibacillosis 

(n=45)
Trauma (n=7)

Other or no diagnosis 
(n=14)

R99

Fanke et 
al. (2011)

Germany Cross-
sectional

Leibniz 
Institute 

for Zoo and 
Wildlife 

Research

Eurasian cranes
(Grus grus)

167 Necropsy
Histopathology

Microbiology
Parasitology

Trauma (n=105)
Zinc phosphide 

intoxication (n=28)
Infection (n=17)
Parasitosis (n=7)

B99

Baker 
& Britt 
(1990)

Scotland Cross-
sectional

North 
Ronaldsay 

Island

Lamb
(Ovis aries)

35 Necropsy
Fleece 

ectoparasitological

Trauma (n=11)
Hypothermia (n=8)

Starvation (n=5)
Gastroenteritis/
enteritis (n=4)

Britt & 
Baker 

(1990)

Scotland Longitudinal North 
Ronaldsay 

Island

Sheep
(Ovis aries)

71 Necropsy
Histopathology

Parasitology

Dental disease/
starvation (n=25)

Starvation/
malnutrition (n=17)

Parasitic gastroenteritis 
(n=9)

Pneumonia (n=7)
Aguirre et 
al. (1999)

Sweden Cross-
sectional

National 
Veterinary 
Institute

Roe deer
(Capreolus capreolus)

985 Necropsy
Histopathology

Microbiology
Parasitology
Toxicology

Trauma (n=189)
Starvation (n=173)

Gastroenteritis (n=144)
Systemic disease 

(n=114)

R99
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Intraspecific aggression has been observed in studies 
involving Florida panthers (Felis concolor coryi) (Buergelt et 
al. 2002) and chimpanzees (Pan troglodytes) (Williams et al. 
2008). However, in the latter, in addition to those related to 
territorial dominance, adult chimpanzees were also observed 
killing baby chimpanzees and abandoning them.

Trauma, including predation and deer-vehicle collisions 
(DVC), is the most prevalent cause of death in roe deer 
(Capreolus capreolus) (Aguirre et al. 1999). Another study 
with Key deer (Odocoileus virginianus clavium) also depicted 
RTA as the main cause of death; however, this category was 
separated from other traumatic causes (Nettles et al. 2002). 
Other findings diverged among these studies.

Evaluating two studies on wild sheep (Ovis aries) in the 
same ecosystem, one focusing on lambs (Baker & Britt 1990) 
and the other on adult sheep (Britt & Baker 1990), many causes 
of death differed. However, both studies identified starvation 
and gastroenteritis as the most prevalent causes of death.

Two studies investigated the cause of death in mustelids 
(Gallagher & Nelson 1979, Akdesir et al. 2018). Both studies 
highlighted the prevalence of trauma as the main cause of death 
in the Mustelidae family despite the different terminological 
terms used in each study, including any traumatic events or, 
specifically, RTA and bites.

A study on European vespertilionid species (Vespertilionidae) 
of bats listed unspecified causes of death, mainly disease or 
trauma of unknown etiology (Mühldorfer et al. 2011).

Four studies investigated the causes of death in wild birds 
(Sileo et al. 1990, Work & Hale 1996, Pennycott et al. 1998, 
Fanke et al. 2011). Trauma was a highly prevalent etiology in 
studies on adult birds. While other causes, such as poisoning 
or intoxication, were rarely reported in studies with other wild 
animals, they occupied an important place in the causes of 
death in the birds. The authors also presented a wide variety 
of descriptions regarding nutritional causes of death, such 
as dehydration and emaciation.

Summing up, researches involving wild animals present 
traumatic etiologies as the main cause of death, subdividing 
them into road traffic accidents (RTA), predation, and 
intraspecific aggression.

Garbage Code diagnoses. The prevalence of the main 
causes of animal death according to the ICD-10, grouped by 
domain, is shown in Figure 2.

According to the definitions and list of Garbage codes, 
among the main causes of death identified in this study, 
only A09 (other gastroenteritis and colitis of infectious and 
unspecified origin), T07 (unspecified multiple injuries) and 
T73.0 (effects of hunger) were not considered. Diagnoses 
grouped as “other” excluded, the proportion of diagnoses 
considered as Garbage Codes was 66.85% in the companion 
animals’ group, 71.43% in the livestock animals’ group, and 
20.06% in the wildlife animals’ group.

Author 
(year) Country Study type Study setting Species Sample 

size
Methods of 
evaluation Main causes of death Garbage 

Codes
Nettles et 
al. (2002)

United 
States

Cross-
sectional

National Key 
Deer Refuge

Key deer (Odocoileus 
virginianus clavium)

170 Necropsy
Microbiology
Parasitology

RTA (n=127)
Chronic purulent 
infections (n=33)

Haemonchosis (n=5)
Enteric infections (n=2)

B99

Buergelt 
et al. 

(2002)

United 
States

Cross-
sectional

University of 
Florida

Florida panther
(Felis concolor coryi)

55 Necropsy
Radiography
Toxicology

Parasitology
Histopathology

RTA (n=24)
Aggression (n=9)
Respiratory (n=7)

Cardiac (n=6)

J98.9
I50.9

Williams 
et al. 

(2008)

Tanzania Cross-
sectional

Gombe 
National Park

Chimpanzee
(Pan troglodytes)

130 Gombe National Park 
records

Illness (n=50)
Unknown (n=38)

Intraspecific aggression 
(n=17)

Orphaning (n=6)

B99
R99

LaRose et 
al. (2010)

Scotland Cross-
sectional

University of 
Edinburgh

Red squirrel
(Sciurus vulgaris)

245 Necropsy
Histopathology

Microbiology

RTA (n=105)
Squirrelpox virus 
infection (n=35)
Trauma (n=27)

Starvation (n=24)
Simpson 

et al. 
(2013)

Great 
Britain

Cross-
sectional

- Red squirrel
(Sciurus vulgaris)

163 Necropsy
Microbiology
Parasitology

RTA (n=68)
Predation (n=15)

Toxoplasmosis (n=12)
Exudative dermatitis 

(n=5)
Mühldorfer 

et al. 
(2011)

Germany Cross-
sectional

Leibniz 
Institute 

for Zoo and 
Wildlife 

Research

Bats of European 
verpertilionid species

(Vespertilionidae)

433 Necropsy
Histopathology

Microbiology
Parasitology

Disease of unknown 
etiology (n=81)

Unknown trauma cause 
(n=71)

Cat predation (n=66)
Bacterial infection 

(n=54)

B99
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DISCUSSION
There was considerable heterogeneity in the causes of death 
and the means used to assess and report the data. The diversity 
of specimens from different habitats allowed us to establish 
the events that led to their death. Although the causes of 
death were described differently, they can be grouped and 
standardized for better monitoring and inspection by entities 
interested in promoting the health and standard of living 
of domestic animals, increasing the quality of farm animal 
products, and contributing to the conservation of wildlife 
species in nature. Notably, it is important to highlight the 
high prevalence of diagnoses categorized as garbage codes, 
especially in the livestock and companion animal domains.

The cause of advanced age or senility, highlighted in 
this review and classified as Garbage Codes, highlights the 
subjectivity associated with interpreting the cause of death of 
dogs, as an investigation into the cause of death may have been 
inadequate. Although age groups are risk factors for specific 
diseases, for example, the pathological distress of newborn 
kittens is quite distinct from those of post-weaning kittens 
(Cave et al. 2002), and therefore, using age as a risk factor 
for the underlying cause of death is not ideal. Furthermore, 
in studies that analyzed companion animals, post mortem 
examinations were absent. 

In studies involving human data, upon revisiting the 
underlying causes of death and investigating the causes of 
death attributed to Garbage Codes, a significant shift in the 
underlying cause of death was noticed, accompanied by a 

substantial decrease in the percentage of Garbage Codes 
(Benedetti et al. 2019). The redistribution of Garbage Codes 
can substantially alter the demographic characteristics 
within a population and provide a more accurate reference 
for the development of health policies (Ng et al. 2020). In 
this context, actions taken for animal care would be better 
directed following a re-evaluation of the diagnostic concepts 
used in evaluating causes of death. The results can be further 
improved by applying specific codes for the classification of 
fatal conditions, which will significantly reduce the frequency 
of Garbage Codes (Park & Kim 2022).

In addition to the consequences of the lack of standardization 
in coding, the methods used to conduct studies can also affect 
the reported causes of death. On account of the nature of data 
collection via questionnaires, the results of the studies on 
dogs were susceptible to their owners’ memory bias, as they 
may or may not have contacted their veterinarians for help.

We believe that the disparity in Garbage Codes diagnoses 
among the studied domains is primarily due to the fact that 
nearly half of the causes of death in wild animals fall under 
the category of ‘trauma’, a variable that may be associated 
with accidental human intervention, such as RTA.

There are two limitations associated with the study. 
Firstly, there is a limited theoretical framework available, 
and multiple forms of categorization and descriptions of the 
causes of animal death exist. Despite the different demands 
for the diagnosis of each group addressed in the present 
study, we recommend creating a standardized system that 

Fig.2. Main causes of animal death according to the International Classification of Diseases, tenth revision (ICD-10) grouping by domain. 
C80 = Malignant neoplasm, without specification of site; R54 = Senility; I50.9 = Hearth failure, unspecified; T07 = Unspecified multiple 
injuries; A41.9 = Sepsis, unspecified; R99 = Other ill-defined and unspecified causes of mortality; A09 = Other gastroenteritis and colitis 
of infectious and unspecified origin; T73.0 = Effects of hunger; B99 = Other and unspecified infectious diseases.
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allows researchers to efficiently compare causes of death. This 
has already been proven useful in whale hunting, enabling 
better logistics and control (Knudsen 2005). Secondly, data 
collection on wild animals depends on the probability of 
finding a deceased animal, which can result in overestimated 
or underestimated causes of death. Additionally, causes such 
as RTA may be influenced by underlying conditions that lead 
wild animals onto roads, such as rabies, which neurologically 
alters the behavioral patterns of certain species (Gomes et 
al. 2012).

Creating systems that integrate and enable mapping the 
causes of animal deaths can benefit future research and 
facilitate strategies for conservation, optimize production, and 
enhance the care of domestic animals. In Brazil, a software 
application called “Sistema Urubu” collects and manages input 
data on vehicle collisions involving wildlife (Castro & Bager 
2019). In the United States, an instrument was developed to 
gather information reported by owners of companion dogs 
regarding the death of their animals, which has been noted 
as a valuable tool for data collection, guiding the actions 
of veterinarians (McNulty et al. 2023). However, there are 
currently no complete tools available in the veterinary practice 
that incorporate a complex classification system, such as the 
ICD-10, and allow data standardization of causes of death. 

We propose the development of an application that integrates 
ICD-10 into the diagnosis of animals’ causes of death in order 
to enhance the development of approaches to animal health. As 
the Garbage Codes concept is mostly used in human medicine, 
adaptations to veterinary medicine are necessary, which can 
be challenging, especially considering the particularities of 
each species and requires the evaluation of more variables, 
such as the living environment. Likewise, we recommend 
adapting ICD-10 to veterinary medicine or creating its own 
classification code. Such decision-making requires investment 
in professional veterinary training to ensure accurate and 
consistent causes of death characterizations, allowing for 
higher quality data collection and more robust analyses.

CONCLUSIONS
This study details the various causes of death of companion, 

production, and wild animals. We identified a wide variety of 
causes and authors’ descriptions based on the most distinct 
species and domains studied. This highlights the lack of 
standardization of data collection methods and of presentation 
of the results. 

We recommend the ICD-10, despite its limitations, as a 
possible classification method for causes of death in animals, 
enabling standardization and, consequently, the detection of 
Garbage Codes, which are highly prevalent in the domains of 
companion animals and livestock. Therefore, a system that 
allows adequate mapping and analysis of these data is required 
in order to take animal health actions more effectively.
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