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Post-mortem examinations were performed on 29 deceased Persian kittens from 13 

different litters, and 30 deceased Devon Rex kittens from 18 different litters in order 

to identify gross anatomical abnormalities. Fifteen kittens were stillborn (8 Devon 

Rex, 7 Persian), 17 kittens died during the first day of life (16 Devon Rex, 1 Persian), 

14 kittens died later in the first week of life (5 Devon Rex, 9 Persian), and 13 kittens 

died during the second week of life (1 Devon Rex, 12 Persian). The average age at 

death excluding stillborn kittens was 5.2±4.7 days for both breeds, 1.8±2.0 days for 

Devon Rex kittens, and 8.5±4.2 days for Persian kittens. The most common sign 

reported by the cat breeders before death was dyspnea, with 12 kittens affected (11 

Devon Rex, 1 Persian). Postmortem examination findings included pyothorax (9 

Devon Rex kittens), pigmenturia (4 Devon Rex, 2 Persian kittens). It is estimated that 

at least 22.0% (13/59) of neonatal mortalities were due to infectious etiologies, at 

least 6.8% (4/59) were due to noninfectious etiologies, (n=7), and up to 71.2% 

(42/59) were classified as idiopathic. 
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I. Introduction 

I. A. Kitten mortality 

Although breeding management and veterinary intervention can prevent some 

newborn kitten losses, overall kitten mortality rates remain high. As many as 9.7% of 

kittens may be stillborn and up to 16% of kittens may die before weaning (Holst and 

Frössling, 2009; Fournier et al., 2017). However, other reported kitten mortality rates 

are lower, with as few as 7.2% of kittens being stillborn and only 8.3% of kittens 

dying in the first 12 weeks of life (Sparkes et al., 2006; Holst and Frössling, 2009). 

Kittens are most vulnerable when they are newborn; over half of all kitten deaths 

occur in the first two weeks of life (Casal, 2010; Holst and Frössling, 2009; Sparkes 

et al., 2006). With an average litter size of four kittens, one kitten may be stillborn 

and or one kitten may die before reaching two weeks of age, leaving only two or three 

live kittens (Fournier et al., 2017; Holst and Frössling, 2009; Sparkes et al., 2006). 

 

I. B. Causes of kitten mortality 

There are many causes of kitten mortality. A broad categorization  of causes 

of kitten mortality would be to divide them in to infectious versus noninfectious 

etiologies. Non-infectious causes of kitten mortality include: trauma, congenital 

defects, nutritional imbalances, immune-mediated diseases, degenerative disorders, 

and poor husbandry. Infectious causes include viruses, bacteria, and parasites. Of 

kittens dying within the first 14 days of life, it is estimated that 50% die from 

infectious causes, 19% from idiopathic causes, 12% from immune-mediated causes, 

9.5% from congenital causes, 4.8% from nutritional causes, and 4.8% from traumatic 



 

 

causes (Cave et al., 2002). Immune-mediated disease, husbandry-related death, 

congenital defects, and infectious disease will be discussed below in more detail. 

 

I. B. 1. Non-infectious causes of mortality 

I. B. 1. a. Immune-mediated disease 

As previously stated, 12% of kittens that die between the ages of 0 and 14 

days die an immune-mediated disease, specifically neonatal isoerythrolysis (Cave et 

al., 2002). This is the most common noninfectious cause of mortality in kittens 14 

days and younger (Cave et al., 2002). Neonatal isoerythrolysis occurs when kittens 

ingest alloantibodies, acquired from the queen, in colostrum that act against their own 

blood type during the first day of life.  For the first 72 hours of life the alloantibodies 

can be absorbed from the digestive tract into the bloodstream (Casal et al., 1996).  

There are three feline blood types: A, B, and AB. Cats have naturally 

occurring alloantibodies to red blood cell antigens other than their own. This means a 

blood type A cat has antibodies against blood type B and vice versa. The major 

concern is when blood type A or AB kittens receive antibodies from the colostrum of 

a blood type B queen. This is because blood type B cats have strong titers of naturally 

occurring antibodies against type A red blood cells (Giger and Casal, 1997). On the 

other hand, blood type A cats have weak titers of naturally occurring antibodies 

against type B red blood cells (Giger and Casal, 1997). Finally, blood type AB cats do 

not have anti-A or anti-B antibodies. Thus, blood type A cats have low anti-B activity 

while blood type B cats have high anti-A activity.  



 

 

Blood type is genetically inherited in cats so the cat breeder should consider 

the cats’ blood types when selecting the queen and tom to avoid this condition. As it 

was stated earlier, a cat can have one of three different blood types: A, B, or AB. 

There are also three different alleles: A, B, and AB. A is dominant over AB, and AB 

is dominant over B. Blood type A cats have at least one A allele, blood type AB cats 

have either a pair of AB alleles or one AB allele and one B allele, and blood type B 

cats have two B alleles. In this way, it is possible for a type B queen and a type A tom 

to have a type A kitten.  

There are certain cat breeds wherein blood type B is very rare and blood type 

A is very common. Thus, the risk of a blood type A kitten receiving antibodies from a 

blood type B queen and developing neonatal isoerythrolysis is low. However, there 

are other breeds in which blood types A and B are both common, and thus the risk of 

neonatal isoerythrolysis is increased. Turkish Van, Turkish Angora, Devon Rex, and 

British Shorthair cats have the highest frequency of blood type B at 40 to 60% (Giger 

and Casal, 1997; Silvestre-Ferreira and Pastor, 2010). There are also geographical 

differences, with type B blood more common in Australia and certain parts of Europe 

than it in the United States (Giger and Casal, 1997; Silvestre-Ferreira and Pastor, 

2010). 

In terms of prevention, it is desirable to mate a blood type B queen with a 

blood type B tom. If a blood type B queen is to be mated with a blood type A tom, the 

kittens can be separated from the queen until they are 24 hours old, after which point 

the kittens will not absorb immunoglobulins (Casal et al., 1996). At-risk kittens can 

receive milk or colostrum from a type A foster queen or can be fed milk replacer.  



 

 

Signs of neonatal isoerythrolysis include: cessation of nursing, sudden death, 

hemoglobinuria (i.e. presence of hemoglobin from destroyed red blood cells in the 

urine), icterus (i.e. yellow coloring of the mucous membranes), anemia, weakness, 

lethargy, tachycardia, tachypnea, collapse, hypoglycemia, and metabolic acidosis 

(Silvestre-Ferreira and Pastor, 2010). Death may occur rapidly or after a few days 

(Silvestre-Ferreira and Pastor, 2010). Suspicion of neonatal isoerythrolysis can be 

confirmed with blood typing of the queen and the kitten (or blood crossmatching if 

blood typing is not possible). Treatment begins with removing affected kittens from 

their mother if they are less than 24 hours old. Treatment may also include 

administering intravenous fluids, warming kittens up, and or performing a blood 

transfusion with blood from the queen since the antibodies from the queen’s 

colostrum will not react with her blood (Silvestre-Ferreira and Pastor, 2010). 

 

I. B. 1. b. Husbandry-related deaths 

There are specific factors to consider when selecting the queen or the tom that 

have the potential to increase or decrease kitten mortality. Queens that have had 

multiple litters before tend to lose fewer kittens (Lawler and Monti, 1984). However, 

older queens can also have increased stillbirth rates (Holst and Frössling, 2009). 

Another factor to consider is the size of the queen. While smaller queens may give 

birth to fewer kittens, they tend to experience fewer kitten deaths (Lawler and Monti, 

1984). Also in regards to size, overweight queens have a higher kitten mortality rate 

(Lawler and Monti, 1984). Unfortunately, there are no correlations between the tom’s 

characteristics and kitten mortality that have been researched and published. 



 

 

Once the kittens are born, hypoglycemia, hypothermia, and dehydration are 

major concerns in the first few weeks of life. Clinical hypoglycemia in a kitten is 

defined as a blood glucose level of less than 50 mg per dL (3 mmol per L; Little 

2011). Newborn kittens are prone to hypoglycemia because they are born with 

minimal glycogen reserves and without full liver function, the organ largely 

responsible for glucose homeostasis (Little, 2011). Thus, a kitten can easily become 

hypoglycemic after vomiting, diarrhea, sepsis, hypothermia, or inadequate nutritional 

intake (Little, 2011). Signs of hypoglycemia include lethargy, weakness, and anorexia 

(Little, 2011). Treatment of hypoglycemia may include administration of dextrose 

orally by gastric tube, intravenously, or intraosseously (Little, 2011).  

Severe hypothermia in a kitten is defined as a rectal temperature less than 94° 

F (34.4 ° C; Little, 2011). Normal body temperature for a newborn kitten, by 

comparison, is 97 to 98° F (Little, 2011). Newborn kittens are prone to hypothermia 

because they are born with a limited ability to maintain their internal body 

temperature (Little, 2011). Hypothermia has been associated with depressed 

respiration, impaired immunity, bradycardia, and ileus (Little, 2011). This can be 

confirmed by taking the kitten’s rectal temperature. Kittens with low body 

temperatures should be gradually warmed to avoid further problems stemming from 

an increase in metabolic demand that results in dehydration, hypoxia, and loss of 

cardiovascular integrity (Little, 2011). To treat hypothermia, an incubator or oxygen 

cage can be utilized (Little, 2011). If those are not available, warm water bottles and 

heating lamps can be utilized with care (Little, 2011).  



 

 

Dehydration is another concern with kittens because their bodies are made of 

80% water compared to 60% in adult cats (Little, 2011). This increased water 

composition, higher proportion of surface area, higher metabolic rate, and lower level 

of body fat causes kittens to have higher fluid requirements than an adult cat of the 

same size (Little, 2011). Further, a kitten’s kidneys are not fully developed at birth, 

causing them to excrete a higher volume of water per unit of body weight compared 

to an adult cat (Little, 2011). Thus, a kitten can easily become dehydrated if it has 

diarrhea, vomiting, or reduced fluid intake (Little, 2011). One way to quickly check a 

kitten’s hydration status is to examine its mucous membranes and determine its 

capillary refill time. If the former appears pale and the latter is delayed, the kitten is at 

least 10% dehydrated (Little, 2011). In addition, a dehydrated kitten’s urine will be 

darker in color and have a specific gravity greater than 1.020 (Little, 2011). If a kitten 

is only slightly dehydrated and does not have any other health issues, it can be treated 

with warmed subcutaneous or oral fluids. However, if a kitten is severely dehydrated, 

it will require intravenous or intraosseous Lactated Ringer solution (Little, 2011). 

Care should be taken to not overhydrate neonatal kittens because they do not have full 

renal excretory function (Little, 2011).  

 

I. B. 1. c. Congenital defects 

 Congenital defects occur when kittens do not form properly in utero. As many 

as 14.3% of pedigree litters may have at least one congenital defect present (Sparkes 

et al., 2006). With regards to mortality, congenital defects may cause up to 10% of 

neonatal kitten losses (Cave et al., 2002). While some congenital defects are readily 



 

 

visible at birth (e.g. cleft palate), others may remain unknown until the kitten dies and 

is submitted for necropsy (e.g. hiatal hernia). Examples of common congenital defects 

include: eyelid coloboma, cleft palate, ocular dermoids, flat chest defect, 

gastroschisis, pectus excavatum, syndactyly, and umbilical hernia, (Little, 2005; Little 

2011). Hydrocephalus and urinary dysgenesis are examples of congenital defects that 

can cause kitten mortality (Cave et al., 2002).  

There are many different causes of congenital defects. A congenital defect 

may be the result of genetic inheritance, infection in utero, exposure of the queen to a 

teratogen, hyperthermia of the queen, poor intrauterine environment, nutritional 

factors, or an interaction between environmental and genetic factors (Little, 2005). An 

example of an infectious cause of a congenital defect is the panleukopenia virus, 

which can cause cerebellar hypoplasia in kittens (Little, 2005). An example of a 

teratogen is griseofulvin, which is a drug used to treat ringworm infection. When 

administered to a gestating queen, griseofulvin can cause cleft palate in kittens (Little, 

2005). A nutritional factor that can cause congenital defects is taurine deficiency, 

which is linked to various musculoskeletal defects (Little, 2005).  

 

1. B. 2. Infectious causes of mortality 

 An analysis of 274 kitten deaths identified infectious disease in over half of 

the kittens (Cave et al., 2002). This rate was consistent within the neonatal age group, 

with one half of all losses occurring in the first 14 days due to infectious causes (Cave 

et al., 2002). Breaking this down further, of the neonatal kittens that died from 

infectious causes, half died from viral infections while the other half died from 



 

 

bacterial infections (Cave et al., 2002). In terms of specific infectious agents, all of 

the neonatal kittens with viral disease were determined to have feline herpesvirus or 

feline calicivirus via histopathological testing (Cave et al., 2002). A different analysis 

of 168 deaths found that one third of the kittens died from infectious causes (Mossi-

Dieth et al., 1990). In that study, bacterial infections were confirmed in twice as many 

kittens as viral and parasitic infections combined (Mossi-Dieth et al., 2002). Specific 

bacterial pathogens that were isolated from these kittens included Escherichia coli, 

Streptococcus spp., Pasteurella spp., Plesiomonas, Proteus spp., Bordetella, and 

Salmonella (Mossi-Dieth et al., 1990). Finally, a review reports that feline embryonic 

and fetal loss is more commonly caused by viral infection than bacterial or protozoal 

infection (Daniel Givens and Marley, 2008). In particular, feline infectious peritonitis 

virus can cause abortion, stillbirth, and high mortality in the first week of life; and 

feline panleukopenia virus can cause abortion, stillbirth, and cerebellar hypoplasia in 

kittens (Daniel Givens and Marley, 2008). 

The most common types of bacteria isolated in cases of pneumonia, pleuritis, 

myocarditis/endocarditis, or meningitis/encephalitis were Streptococcus spp. and 

Escherichia coli (Mossi-Dieth, 1990). Other common causes of upper and lower 

respiratory tract disease in kittens include; feline herpesvirus-1, feline calicivirus, 

Bordetella bronchiseptica, Mycoplasma spp., and Chlamydophila spp.(Little, 2011). 

In addition, panleukopenia virus (parvovirus), coliform bacteria, Tritrichomonas 

foetus, Giardia spp., Isopora spp., Ancylostoma spp., and Toxocara spp. are common 

causes of gastrointestinal tract disease in kittens. As for systemic disease in kittens, 

feline leukemia virus (FeLV), feline immunodeficiency virus (FIV), Toxoplasma 



 

 

spp., Gram-positive bacteria (e.g. Streptococcus spp., Staphylococcus spp.), and 

Gram-negative bacteria (e.g. Escherichia coli, Salmonella spp.) are common causes 

(Little 2011).  

 

I. C. Cat breeds 

I. C. 1. Devon Rex 

 According to The International Cat Association and The Cat Fanciers’ 

Association, the Devon Rex is a relatively new cat breed, originating from Devon, 

England in the late 1950’s. All Devon Rex cats descend from Kirlee, the offspring of 

a feral tom cat with a curly coat. Thus, cat breeders created the Devon Rex breed by 

perpetuating a natural mutation. Today, Devon Rex cats are known for their short, 

curly coats (Figure I-1). This coat does shed and it can come in a variety of colors 

and patterns. The face of a Devon Rex cat is dominated by its large ears and eyes. In 

terms of personality, Devon Rex cats are described as having intelligent, playful, and 

active personalities. As for popularity, the Cat Fanciers’ Association lists the Devon 

Rex as number seven in terms of the number of cats registered in 2018. 

 Devon Rex kittens are prone to developing neonatal isoerythrolysis, which 

was described earlier. The risk of neonatal isoerythrolysis is increased in cat breeds 

that have a high prevalence of type B blood, including the Devon Rex breed which 

has a 59:41 split between the A and B blood types (Silvestre-Ferreira and Pastor, 

2010).  Using Hardy-Weinberg equilibrium, it is estimated that 14% of kittens from 

random Devon Rex matings would be at risk of developing neonatal isoerythrolysis 

(Silvestre-Ferreira and Pastor, 2010). Reported stillbirth rates for Devon Rex kittens 



 

 

range from 4.2 to 8.5%, which is approximately average for purebred cats (Holst and 

Frössling, 2009; Sparkes et al., 2006). Reported mortality rates for Devon Rex kittens 

during the first week of life range from 4.1-4.4%, which is slightly below average for 

purebred cats (Holst and Frössling, 2009; Sparkes et al., 2006). 

Figure I-1. Devon Rex kitten. Photograph by Tina Chittick, used with permission. 

 

I. C. 2. Persian 

 According to The International Cat Association and The Cat Fanciers’ 

Association, the Persian is one of the oldest cat breeds, but its centuries-long history 

is, unfortunately, unrecorded. Some hypothesize that longhair cats spread westward 

via caravans carrying spices and jewels from modern-day Iran. The Persian cat has a 

long coat that ranges in texture from silky to cottony. Round eyes and a snub nose 

adorn the Persian cat’s face (Figure I-2). As for personality, Persian cats are known 



 

 

to be intelligent, sweet, and gentle. In terms of popularity, the Cat Fanciers’ 

Association lists the Persian as number four in terms of the number of cats registered 

in 2018. 

 Persian cats are prone to conjunctivitis and upper respiratory tract disease. 

One half of Persian and Exotic Shorthair breeders reported conjunctivitis, and one 

third of Persian and Exotic Shorthair breeders reported other upper respiratory signs 

in their cats (Holst and Frössling, 2009). By comparison, only one third of all 

breeders reported conjunctivitis, and only one sixth of all breeders reported other 

upper respiratory signs in their cats (Holst and Frössling, 2009). Additionally, the 

prevalence of respiratory tract diseases in Persian cats is approximately twice as high 

as for all pedigree cats (Vapalahti et al., 2016). One possible explanation for the 

increased risk of conjunctivitis and upper respiratory tract disease in Persian cats is 

poor nasolacrimal drainage and narrowed nasal passages due to the brachycephalic 

conformation of their heads (Schlueter et al., 2009). Reported stillbirth rates for 

Persian kittens range from 10.8 to 12.2%, which is slightly above average for 

purebred cats (Holst and Frössling, 2009; Sparkes et al., 2006). Reported mortality 

rates for Persian kittens during the first week of life range from 8.6 to 12%, which is 

also slightly above average for purebred cats (Holst and Frössling, 2009; Sparkes et 

al., 2006). 



 

 

Figure I-2. Persian kitten. Photograph by Laura Peters, used with permission. 

 

I. D. Hypothesis and objectives 

 The purpose of this research was to identify gross anatomical abnormalities in 

Devon Rex and Persian kittens that died within the first two weeks of life and 

determine the cause of mortality, when possible. Studying two different breeds of 

kittens also allowed for comparison of causes of mortality between breeds. It was 

hypothesized that the two cat breeds would die from different conditions at different 

rates.  

 

II. Materials and methods 



 

 

 Post-mortem examinations were conducted on 59 purebred kittens. Thirty 

deceased Devon Rex kittens and 29 deceased Persian kittens were received from two 

catteries. This project started as a collaboration between the Oregon State University 

Theriogenology Laboratory and a Devon Rex cat breeder located in Iowa. To expand 

the scope of this project, a search was conducted via The Cat Fanciers’ Association 

(CFA) Cat Breeder Referral Search (https://secure.cfa.org/Search.aspx). Through this 

search, a Persian cat breeder located in Oregon was identified, and the collaboration 

was expanded to include this breeder. 

 To aid in the determination of each kitten’s cause of death, the following 

information was requested from each cat breeder (Appendix A):  

• The identification of the dam and the sire for pedigree analysis 

• The dam’s and sire’s blood types  

• The age of the kitten at death 

• Any complications related to the kitten’s birth 

• Any medications or treatments administered to the dam or the kitten 

(including if the kitten was euthanized) 

• Any signs present before the kitten’s death (changes in body temperature, 

breathing, appetite, weight, appearance, etc.) 

This background information was utilized to provide additional information into the 

causes of death and to compare signs present before death between different breeds 

and different ages.  

 The gross appearance of each kitten’s external and internal organs was 

assessed and pictures were taken for reference. The design of the post-mortem 

https://secure.cfa.org/Search.aspx


 

 

examination was based on the method described by Löhr 2011. For this project, the 

post-mortem examination consisted of: 

• Weighing the kitten 

• Assessing the kitten’s general appearance (e.g. mummified, edematous) 

• Examining the kitten’s umbilical cord (or stump) and urogenital area for 

abnormalities  

• Examining the placenta if it was included and freezing it for future tissue 

analysis 

• Examining the kitten’s extremities for abnormalities (e.g. maternal 

cannibalism of hind feet) 

• Examining the kitten’s mouth, tongue, and palate for abnormalities (e.g. cleft 

palate) 

• Making a ventral medial incision and a perpendicular medial incision near the 

diaphragm to expose the organs of the thoracic cavity  

• Describing the appearance of the heart and lungs and noting any thoracic 

cavity abnormalities (e.g. pleuropneumonia, hiatal hernia) 

• Floating tissue from the right caudal lung lobe to evaluate lung inflation and 

freezing tissue from the left caudal lung lobe for future analysis 

• Evaluating the appearance of the liver and freezing a tissue sample of the liver 

for future analysis; the tissue sample was taken from one of the left lobes of 

the liver unless those were damaged by freezing of the kitten’s body or 

handling during the post-mortem examination 

• Evaluating the appearance of the stomach and the spleen 



 

 

• Aspirating fluid from the bladder or the urachus 

• Examining the kidneys and adrenal glands externally and bisecting the 

kidneys for internal examination and tissue collection 

 

III. Results and discussion 

III. A. Sample demographics 

 Fifty-nine kittens from 31 litters that died within the first fourteen days of life 

were received from two catteries: a Devon Rex cattery located in Iowa and a 

Persian/Himalayan cattery located in Oregon. The kittens were all born between 

December 2015 and February 2019. There were 29 deceased Persian kittens from 

thirteen litters, and 30 deceased Devon Rex kittens from eighteen litters. One Devon 

Rex kitten could not be fully examined because of its small size and mummified 

tissues, thus complete post-mortem examinations were performed on 29 Devon Rex 

kittens from eighteen litters. Four Devon Rex kittens were euthanized, so their causes 

of decline will be discussed as opposed to their causes of death. The average number 

of neonatal losses per litter was 1.9±1.3 for both breeds, 1.7±1.1 for Devon Rex 

litters, and 2.2±1.4 for Persian litters. The average age at death excluding stillborn 

kittens was 5.2±4.7 days for both breeds, 1.8±2.0 days for Devon Rex kittens, and 

8.5±4.2 days for Persian kittens (Figure III-1). 

Previous research has found that Persian and Exotic Shorthair kittens have a 

higher mortality rate compared to Devon Rex and Cornish Rex kittens for the first 

three weeks of life (Holst and Frössling, 2009). It was not possible to determine the 

mortality rate for kittens from the catteries used in the current study, but the average 



 

 

age of the kitten at death (excluding stillbirths) was different for the two cat breeds: 

1.8 days for Devon Rex kittens and 8.5 days for Persian kittens. This is in contrast to 

previous research that reported Persian kittens have a higher mortality rate during the 

first week than Rex breed kittens (Sparkes et al., 2006). 

 This difference in age at death could be due to a difference in cause of 

mortality. It has been shown that while trauma is a leading cause of mortality for 

kitten deaths occurring in the first day of life, viral and bacterial infections are a 

leading cause of mortality for kitten deaths occurring from one day of age to 14 days 

of age (Cave et al., 2002). However, another study found that noninfectious etiologies 

are more common in the first two weeks of life while infectious etiologies are more 

common after three to four weeks of life (Bücheler, 1999).  

Further evidence for a difference in cause of mortality can be found in 

differing disease prevalence rates for Persian cats compared to Devon Rex cats. 

Persian and Exotic Shorthair cats have been shown to have a higher prevalence of 

respiratory tract disease than Devon Rex cats (Vapalahti et al., 2016).  In addition, the 

percentage of Persian and Exotic Shorthair breeders reporting conjunctivitis and other 

upper respiratory signs in their cats is higher than the percentage of Devon Rex and 

Cornish Rex breeders (Holst and Frössling, 2009). One possible explanation for the 

prevalence of upper respiratory disease in Persian cats is that the brachycephalic 

conformation of their heads impedes drainage of the nasolacrimal duct, thus impeding 

normal defense mechanisms and making these cats more susceptible to secondary 

infections (Schlueter et al., 2009). 



 

 

Figure III-1. Comparison of age at death in Devon Rex and Persian kittens. The 

average age at death excluding stillborn kittens was 5.2±4.7 days for both breeds, 

1.8±2.0 days for Devon Rex kittens, and 8.5±4.2 days for Persian kittens.  

 

III. B. Signs before death  

 There were five maiden litters, three maiden Persian litters and two 

maiden Devon Rex litters, and there were thirteen neonatal losses from those maiden 

litters. In total, eight kittens from six litters were affected by dystocia, five Persian 

kittens from three litters and three Devon Rex kittens from three litters. Only one 

Devon Rex kitten affected by dystocia was from a maiden litter. Four out of the eight 

kittens affected by dystocia were stillborn. Maternal neglect (kitten found isolated, 

kitten not groomed, etc.) was reported as a sign before death for five Persian kittens 

from five litters. Hypothermia was reported as a sign before death in five kittens from 

five litters, three Persian kittens and two Devon Rex kittens.  
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Clinical signs related to respiratory tract disease were reported in fifteen 

kittens, twelve Devon Rex kittens and three Persian kittens. Dyspnea was the most 

common abnormal clinical sign reported before death with thirteen kittens from ten 

litters affected. Only one Persian kitten exhibited dyspnea before death, compared to 

twelve Devon Rex kittens. Signs of upper respiratory tract disease were present in 

two fourteen-day-old Persian kittens from two litters: one kitten with nasal discharge 

and one kitten with ocular discharge. Additionally, there was a Persian kitten with 

discharge from the umbilicus.  

Failure to gain weight was reported in seven kittens from five litters, five 

Persian kittens from three litters and two Devon Rex kittens from two litters. Of the 

two Devon Rex kittens that failed to gain weight, both experienced weight loss before 

death. Failure to nurse before death was reported in two Devon Rex kittens from two 

different litters; however, both of these kittens had been growing normally prior. 

Abnormal feces (i.e. white-colored feces, diarrhea, etc.) were reported in three kittens 

from two litters, two Persian kittens from the same litter and one Devon Rex kitten. 

These two Persian kittens also failed to gain weight, while the Devon Rex kitten also 

failed to nurse.  

 

III. C. Postmortem examination findings 

III. C. 1. External examination 

 There were four Devon Rex kittens that had undergone mummification, two 

of which were from the same litter. One mummified kitten was too small and 

desiccated for a post-mortem examination to be performed (Figure III-2). Two 



 

 

kittens presented with meconium staining, one Devon Rex and one Persian (Figure 

III-3). One stillborn Persian kitten had external evidence of maternal cannibalism 

with its hind feet removed after birth (Figure III-4). Upon examination of the face, 

two kittens were found to have nasal discharge, one stillborn Devon Rex kitten and 

one fourteen-day-old Persian kitten (Figure III-5). This pair of kittens did not include 

the kitten reported by its breeder as having nasal discharge before death. Examination 

in the mouth revealed a cleft palate in a one-day-old Devon Rex kitten (Figure III-6). 

Abdominal bruising was present in seven kittens from five litters, five Devon Rex 

kittens from four litters and two Persian kittens from the same litter (Figure III-7). 

None of the kittens with abdominal bruising were reported to have been affected by 

dystocia. One stillborn Devon Rex kitten was missing the tip of its tail due to 

cannibalism, and one Persian kitten that died during the first day of life born without 

a tail (Figures III-8 and III-9). The Devon Rex kitten with a cleft palate and the 

Persian kitten born without a tail were the only two congenital defects detected. 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III-2. Mummified kitten. There were four Devon Rex kittens that had 

desiccated tissues consistent with mummification.  

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III-3. Kitten with meconium staining. There were two kittens that presented 

with meconium staining (one stillborn Devon Rex kitten and one stillborn Persian 

kitten). 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III-4. Kitten that was affected by maternal cannibalism. Note how the back 

legs have been chewed off. The umbilical cord and placenta are still attached. There 

were two stillborn kittens with signs of maternal cannibalism (one Devon Rex kitten 

that was missing the tip of its tail and one Persian kitten whose back legs were 

chewed off). 

 



 

 

Figure III-5. Kitten with nasal discharge. Two kittens were found to have nasal 

discharge during postmortem examination (one stillborn Devon Rex kitten and one 

14-day-old Persian kitten).  

 

 

 

 

 



 

 

Figure III-6. Kitten with a cleft palate. There was only one kitten that was born with a 

cleft palate. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III-7. Kitten with abdominal bruising. Abdominal bruising was observed in 

seven kittens (five Devon Rex kittens and two Persian kittens).  

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figures III-8. Kitten missing the distal end of its tail. This was due to maternal 

cannibalism. There was only one Devon Rex kitten that was missing a part of its tail.  

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III-9. Kitten born without a tail. There was only one Persian kitten that was 

born without a tail. 

 

III. C. 2. Internal examination 

III. C. 2. A. Thoracic cavity 

Upon internal examination, nine Devon Rex kittens from seven litters 

presented with thick, cream-colored material in their thoracic cavities suggestive of 



 

 

pyothorax with inspissated pus (Figure III-10). The ages of these nine kittens ranged 

from one to three days. Of these nine kittens, seven exhibited dyspnea before death. 

Three of these nine kittens also presented with lung adhesions which is consistent 

with pleuropneumonia (Figure III-11). Thoracic wall penetration from a bite wound 

is the most common route of infection for feline pyothorax (Barrs and Beatty, 2008). 

Another possible route of infection could be injury due to tube feeding. Three Devon 

Rex kittens that presented with suspected pyothorax were reported to have been tube 

fed before death. 

In addition, two Persian kittens from different litters had red-tinged fluid 

within their thorax which may be due to autolysis or hemothorax (Figure III-12). 

Examination of the heart revealed one Devon Rex kitten with gross lesions consistent 

with myocarditis (Figure III-13). Myocarditis in cats has been associated with 

several different pathogens, including feline immunodeficiency virus, panleukopenia 

virus, and Bartonella henselae (Rolim et al., 2016; Meurs et al., 2000; Varanat et al., 

2011). 

Examination of the lungs revealed 31 kittens with diffuse patches of pink and 

red lung tissue consistent with partial pulmonary congestion. Eighteen Persian kittens 

from ten litters and thirteen Devon Rex kittens from ten litters, which ranged from 

one to fourteen days of age, were affected (Figure III-14). There were also thirteen 

kittens with diffuse, dark red coloration of their lung tissue consistent with more 

severe pulmonary congestion, including ten Persian kittens from eight litters and three 

Devon Rex kittens from three litters (Figure III-15). Nine of the kittens with dark red 

coloration of the lungs were stillborn. 



 

 

Figures III-10. Kitten with suspected pyothorax. Pyothorax was suspected in nine 

Devon Rex kittens, all of which died in the first week of life.  

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III-11. Kitten with pulmonary adhesion. Three kittens suspected of having 

pyothorax also had pulmonary adhesions, which are consistent with 

pleuropneumonia. 

 

 

 

 



 

 

Figure III-12. Kitten with free blood in its thoracic cavity. There were two Persian 

kittens that had free blood in their thoracic cavities. This could be due to pre-mortem 

hemothorax or post-mortem autolysis.  

 

 

 

 

 



 

 

 

Figure III-13. Heart with suspected myocarditis. The heart and lungs removed from a 

kitten postmortem. The cardiac gross lesions are consistent with myocarditis. 

Myocarditis was suspected in one Devon Rex kitten. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III-14. Lungs with partial pulmonary congestion. The heart and lungs removed 

from a kitten postmortem, the lungs unevenly colored. Examination of the lungs 

revealed 31 kittens with diffuse patches of pink and red lung tissue consistent with 

partial pulmonary congestion (eighteen Persian kittens and thirteen Devon Rex 

kittens). 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III-15. Lungs with severe pulmonary congestion. The heart and lungs removed 

from a kitten postmortem, the lungs solidly dark red in coloration. There were 

thirteen kittens with dark red coloration of their lung tissue consistent with more 

severe pulmonary congestion, nine of which were stillborn.  

 



 

 

Lung tissue from each left caudal lung lobe was evaluated for buoyancy in 

water indicating a live birth. Excluding the kitten that was too small and mummified 

to be fully examined, only one stillborn kitten had lung tissue that floated in water. 

This kitten presented with tissue desiccation that was consistent with early 

mummification so the density of the lung tissue could have been affected by tissue 

decomposition (Figure III-16). The other thirteen stillborn kittens had lung tissue 

that sank in water, indicating that their lung tissue was not aerated. In addition to the 

thirteen stillborn kittens, there were six other kittens (four Devon Rex, two Persian) 

that had lung tissue that sank in water, which could be due to partial or complete 

atelectasis, the presence of fluid or food in the airways, or changes due to 

decomposition (Figure III-17). These six kittens ranged in ages from one to fourteen 

days.  
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Figure III-16. Heart and lungs from mummified kitten. A: The heart and lungs from a 

stillborn tissue which appeared to have undergone the beginning of mummification. 

B: The desiccated lung tissue floating in water, presumably because of gases present 

in the tissue secondary to decomposition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III-17. Demonstration of lung floatation test and partial atelectasis. Three 

samples of lung tissue from a kitten, demonstrating partial atelectasis. Six kittens that 

were born alive exhibited partial atelectasis upon a lung tissue float test. 



 

 

 

III. C. 2. B. Abdominal cavity 

 During abdominal examination, one Persian kitten and one Devon Rex kitten 

presented with ascites (Figure III-18). The liver of one Devon Rex kitten was 

unevenly colored consistent with partial hepatic congestion (Figure III-19). Pale 

coloration of the liver was present in six kittens, four Persian kittens and two Devon 

Rex kittens all from different litters (Figure III-20). Pale coloration of the liver has 

been associated with Enterococcus hirae infection affecting the hepatic ducts 

(Lapointe et al., 2000) Pale coloration of the liver has also been associated with low 

fat diets and high glutamic acid diets (Deady et al., 1981; Mackay, 1921). The ages at 

death for the kittens with pale coloration of the liver ranged from one to fourteen 

days. Three of the four Persian kittens with pale coloration of the liver also had pale 

coloration of the spleen (Figure III-21). 

   

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figures III-18. Kitten with a distended abdomen from ascites. A total of two kittens 

presented with ascites (one Persian kitten and one Devon Rex kitten).  

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III-19. Liver with partial hepatic congestion. A liver from a Devon Rex kitten 

that had uneven coloring, consistent with partial hepatic congestion 



 

 

Figure III-20. Liver with pale coloration. A liver with pale coloration that was 

removed from a kitten during postmortem examination. Pale coloration of the liver 

was present in six kittens (four Persian kittens and two Devon Rex kittens).  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III-21. Spleen with pale coloration. A spleen with pale coloration, in situ 

during a postmortem examination of a kitten. Pale coloration of the spleen was 

present in three Persian kittens that also presented with pale coloration of the liver. 

 

When it was possible, urine was aspirated from the urinary bladder. 

Pigmenturia was identified in six kittens that died within the first two days of life 

(Figure III-22). Two were Persian kittens from the same litter, and the other four 



 

 

were Devon Rex kittens from three litters. One Persian kitten had congestion of the 

superficial cortical kidney blood vessels (Figure III-23). Another Persian kitten had 

small hemorrhages present on the surface of its kidneys, which has been associated 

with feline infectious peritonitis (Figure III-24; Evermann et al., 1981). Two 

stillborn kittens from the same Devon Rex litter had adrenal glands that appeared to 

be enlarged, which could be indicative of prenatal stress (Figure III-25).  

Possible causes of pigmenturia that are relevant to neonatal mortality include: 

premortem erythrocyte destruction and postmortem decomposition of urinary blood 

vessels. The four Devon Rex kittens that presented with pigmenturia resulted from 

matings between blood type A queens and blood type B toms. Because the naturally 

occurring anti-B alloantibodies in type A cats have weak hemolyzing and 

hemagglutinating activity, the risk of neonatal isoerythrolysis in kittens resulting from 

these matings is low but not impossible (Silvestre-Ferreira and Pastor, 2010). There 

were also two Persian cats from the same litter that presented with hematuria. 

Because blood type B is rare in Persian cats, the risk of Persian kittens being affected 

by neonatal isoerythrolysis is low but not impossible. Using Hardy-Weinberg 

equilibrium, it is estimated that 2% of random Persian matings would be at risk of 

developing neonatal isoerythrolysis, compared to 14% of random Devon Rex matings 

(Silvestre-Ferreira and Pastor, 2010). Finally, while pigmenturia can be caused by 

urinary tract infections in adult cats, urinary tract infections are rare in young kittens.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figures III-22. Demonstration of pigmenturia. Red-colored fluid aspirated from the 

bladder, which is consistent with pigmenturia. Pigmenturia was identified in six 

kittens (four Devon Rex kittens and 2 Persian kittens).  

 

 

 

 



 

 

 

 

Figure III-23. Congestion of the right superficial cortical kidney vessels. Kidneys of a 

kitten that presented with congestion of the right superficial cortical kidney vessels 

(arrows). The superficial vessels on the left kidney are normal.  

 

 



 

 

Figure III-24. Small hemorrhages on the kidneys. The kidneys of a Persian kitten, 

which had small hemorrhages on their surfaces.  

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III-25. Enlarged adrenal glands. The enlarged adrenal glands of a stillborn 

kitten. Adrenal glands that appeared enlarged were present in two stillborn Devon 

Rex kittens from the same litter. 

 

III. D. Infectious versus noninfectious 

 There were three Persian kittens from different litters that showed signs of 

possible infection before death (i.e. nasal, ocular, or umbilical discharge; Figure III-



 

 

26). There were also nine Devon Rex kittens from seven litters that presented with 

suspected pyothorax upon post-mortem examination (Figure III-27). There was also 

one Devon Rex kitten that had gross lesions consistent with myocarditis. Counting 

kittens with signs of infection before death and kittens with suspected pyothorax, it is 

estimated that at least thirteen kittens (three Persian, ten Devon Rex) had possible 

infectious causes of mortality. Excluding stillborn kittens, it is estimated that at least 

29.5% (13/44) of kitten deaths in the current study could have been due to infection. 

In addition to kittens that showed signs of infectious disease before death or 

upon postmortem examination, stillbirths can be the result of infectious disease. In 

general, viruses cause feline reproductive loss more often than bacteria or protozoa 

(Daniel Givens and Marley, 2008).  In particular, feline panleukopenia virus, feline 

leukemia virus, feline rhinotracheitis virus, and feline infectious peritonitis virus have 

been associated with abortion, stillbirth, neonatal death, and fetal mummification 

(Lefebvre, 2015). Feline immunodeficiency virus can also cause stillbirth (Daniel 

Givens and Marley, 2008). However, without further testing it cannot be determined 

how many stillbirths were due to infections. 

There were four stillborn kittens (three Persian, one Devon Rex) that were 

affected by dystocia and presumably died from anoxia. However, there was no 

overlap between kittens affected by dystocia and kittens with abdominal bruising, 

pigmenturia, or free blood in their thoracic cavities. Counting stillbirths affected by 

dystocia, at least 26.6% (4/15) of stillbirths were due to noninfectious causes. This is 

supported by previous reports that 31% of deaths in the first two weeks of life and  

33% of deaths in the first 12 weeks of life are from noninfectious causes (Cave et al., 



 

 

2002; Mossi-Dieth et al., 1990). However, these previous reports did not focus on 

stillbirths. 

If it is assumed that a minimum number of kitten deaths or stillbirths had 

infectious etiologies (13/59, 22.0%) and a minimum number of kitten deaths or 

stillbirths had noninfectious etiologies (4/59, 6.8%), then there could be up to 42 

kitten deaths or stillbirths with idiopathic etiologies (42/59, 71.2%). This is consistent 

with the previous report that gross abnormalities are not a major factor in neonatal 

kitten death (Lawler and Monti, 1984). Two other reports have found a 19% rate of 

idiopathic causes of mortality occurring in the first two weeks of life and a 33% rate 

of idiopathic causes of mortality occurring in the first 12 weeks of life (Cave et al., 

2002; Mossi-Dieth et al., 1990). 

 

Signs before death 
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Figure III-26. Summary of antemortem symptoms. MAID = maiden litter; DYST = 

dystocia; MAT NEG = maternal neglect; HYPO = hypothermia; DYSP = dyspnea; 

NO WT = no weight gain. 

 

Necropsy findings 

 
ABD 

BRU 

PYO ATE PART 

PULM 

PULM 

CON 

PAL 

LIV 

HEMA 

Total 7 9 19 31 13 6 6 

By 

breed 

       

Persian 2 
 

9 18 10 4 2 

Devon 

Rex 

5 9 10 13 3 2 4 

By age 
       

Stillbor

n 

1 
 

13 
 

9 
  

≤ 1 day 3 7 4 10 1 1 5 

2 - 7 

days 

3 2 
 

10 
 

1 1 

8 - 14 

days 

  
2 11 3 4 

 

Figure III-27. Summary of postmortem examination findings. ABD BRU = 

abdominal bruising; PYO = pyothorax; ATE = atelectasis; PART PULM = partial 



 

 

pulmonary congestion; PULM CON = pulmonary congestion; PAL LIV = pale 

coloration of liver; HEMA = hematuria. 

 

IV. Conclusion and future directions 

 Without further diagnostic testing, it is impossible to recommend specific 

actions for cat breeders to take in order to reduce kitten losses. Nevertheless, the 

author recommends proper and thorough cattery hygiene, with special care taken to 

minimize the exposure of neonatal kittens to pathogens, which can occur by contact 

with other adult cats in the cattery. The author also recommends consultation with a 

veterinarian knowledgeable in feline pediatrics, who can provide guidance with 

vaccination schedules and neonatal care. Finally, the author advises caution with the 

practice of tube feeding kittens because of the possibility of causing injury and 

infection. 

This research project has demonstrated the ability and desire of cat breeders to 

work with investigators in the interest of improving the health and welfare of neonatal 

kittens. Whether it is for cost, convenience, or other reasons, it appears some cat 

breeders lack access to veterinarians who are equipped for and experienced in 

postmortem examination of kittens.  

This research project has also demonstrated the lack of current research in 

causes of kitten mortality. Recent investigations appear to focus on individual 

diseases that can cause kitten mortality or overall kitten mortality rates. In order for 

kitten losses to be prevented, the causes of kitten mortality must be studied. Further, 

there is a need for research that compares causes of kitten mortality between types 



 

 

and breeds of cats. Previous studies have shown differing incidences of diseases in 

different breeds of cats, but these studies tend to focus on adult cats (e.g. Valpalahti et 

al., 2016; mean age of cats 5.4 years). In particular, there is a need for updated 

research into causes of kitten mortality that includes laboratory testing of tissue 

samples due to emerging feline infectious diseases. 
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Appendix A: Form for cat breeders to fill out 

 

 



 

 

Appendix B: Form for conducting postmortem examinations  
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Appendix D: Theriogenology Conference abstract presentation 

 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Appendix E: Winn Feline Foundation grant proposal 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 
 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 


