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s | FELINE NEONATOLOGY

8| From birth to commencement
of weaning - what to know
for successful management

Maria Cristina Veronesi and Jasmine Fusi

Practical relevance: Despite
considerable interest in the field

of companion animal reproduction,

feline neonatology remains largely

unstudied. This contrasts with the
need for a more professional veterinary
approach to newborn kittens and feline
husbandry, across the pet, breeding cattery and
rescue shelter settings, to reduce kitten mortality.
Global importance: Feline neonatology has
relevance for veterinarians around the world as cats
are continuing to become established as popular
companion animals.
Clinical challenges: Perinatal mortality in cats
is remarkably high. Therefore, adequate neonatal
evaluation and assistance at birth, careful
monitoring of kittens in the vulnerable period until
weaning begins, assessment of maternal factors
and well-informed management of orphans are
crucial in helping to reduce kitten losses.
Aim: This review aims to deepen the basic
knowledge of the veterinary clinical team regarding
the characteristics of feline newborns under normal
conditions at birth through to the commencement
of weaning. Much of the information is also relevant
to breeders and rescue/shelter caregivers.
Evidence base: In compiling the present review,
the authors have drawn on specific feline research
data, where available, complemented by data
extrapolated from scientific publications on
newborn dogs, and also their own and their
colleagues’ professional
clinical experience.
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orphan This article forms part of a series

of evidence-based reviews on
feline reproduction and reproductive
problems, written by key opinion leaders.
An outline of the series is included at:
bit.ly/JFMSreproduction
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Introduction

As an altricial species, the offspring of the domestic cat (Felis catus) are
completely dependent on the mother for multiple vital functions for the
first 2 months of age (ie, up until the end of weaning). This makes kittens
extremely vulnerable, especially at birth, but also subsequently, given
that the maturation of most physiological processes occurs gradually.
Therefore, although the neonatal period is dynamic, two main stages
can be recognised: from the time of birth until 4 weeks of age
(lactation period); and from 4 to about 8 weeks of age (weaning period).

Perinatal mortality

Rates and timing

Losses at birth (stillbirth), and between birth and weaning, together
taken as perinatal mortality, are remarkably high in cats. Studies pub-
lished between 2006 and 2019 have reported a stillbirth rate of between
5 and 12.5%.17 In a very recent study of 136 kittens born from 35 dys-
tocic queens, only 66% survived, despite the provision of medical
and/or surgical assistance.” Data on kitten mortality indicate that the
majority of post-kittening deaths occur within the first week of age
(this phenomenon affects 13% of litters),* with an average mortality
rate of 27%.8 The majority of losses (91%) occur during the first 3 days.?
Some authors have reported that the mortality rate occurring between
birth and weaning varies from approximately 8% to 14%.%°

General causes

Although, in general, studies have not found an association between
kitten mortality and the age of the queen, Strém Holst and Frossling
reported that queens <1 year old had significantly higher kitten mor-
tality rates, while the occurrence of stillbirths was found to be associat-
ed with the queen’s increasing age, especially when >5 years old.*
Postpartum kitten mortality was also associated with litter size and
caesarean section.* These authors reported that losses occurring within
the first 12 weeks of age vary among breeds,* and Root Kustritz
reported that Persian, Manx and Himalayan breeds are predisposed
to kitten losses.®
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The aetiology of perinatal losses is often
complex, remaining unknown in about a third
of cases.!® Potential causes include: intra-
partum or postnatal trauma; infections;
congenital defects; genetic diseases; low birth
weight; maternal factors; and environmental
factors.!12 During the neonatal period, kittens
can display sudden death, death within a short
time of being born or the so-called ‘fading
kitten syndrome’ (which is the focus of an
accompanying review in this series), leading to
morbidity and mortality.!!

Infections can be related to viral or bacterial
agents; sometimes, parasitic diseases can also be
observed. The impact of infectious diseases on
neonatal kittens depends strongly on whether
they are pets, belong to professional breeding
facilities or are rescue shelter kittens. In pet and
professional husbandry settings, queens are reg-
ularly vaccinated against most of the feline
viruses, and regularly dewormed or treated for
ectoparasites, thus limiting the impact of these
agents on kittens. However, viral infections can
still play a role in the aetiology of kitten mortal-
ity, with viral causes for stillbirth or neonatal
death including feline herpesvirus-1 (FHV-1),
feline calicivirus (FCV), feline coronavirus
(FCoV), feline leukaemia virus (FeLV), feline
immunodeficiency virus (FIV) and feline pan-
leukopenia virus (FPV).3 Viral infections pre-
dominantly affect kittens at weaning, but FHV-1
and FCV can also be responsible for neonatal
infections.’? In contrast, bacterial infections are
mostly responsible for kitten mortality within
the first week of life, mainly through the devel-
opment of septicaemia, and can involve
commonly isolated pathogens, such as Staphy-
lococcus species, Streptococcus species, Escherichia
coli, Campylobacter species and Salmonella
species.'* Toxoplasma gondii and Neospora can-
inum are recognised as rare causes of neonatal
mortality. In rescue shelter kittens, severe flea
infestations and coccidiosis can also be responsi-
ble for severe anaemia and death.!*

Non-infectious causes of death include con-
genital defects, genetic diseases, low birth
weight, maternal factors and neonatal isoery-
throlysis. The breeding system and manage-
ment can additionally have an impact on
kitten losses.!® Appropriate environmental
conditions (temperature, humidity, ventila-
tion and hygiene) are essential for kitten
survival. Moreover, queens and their litters
should be separated from other cats as this is
important for limiting both infectious diseases
and maternal behavioural problems.

Kitten death can also be the consequence
of hypothermia, hypoglycaemia and dehydra-
tion. These conditions can, in turn, be seque-
lae of kitten illness, maternal neglect or
simply prolonged fasting due to incorrect
management of orphan kittens.

Most
queens will
kitten by
spontaneous
vaginal
delivery,
without the
need for
intervention.
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The kitten at birth

The principal vital physiological parameters of
the kitten at birth are summarised in Table 1.

Factors associated with kitten survival

at birth

Gestation length

A normal gestation length is crucial to allow
complete growth, development and matura-
tion of fetuses before birth. Therefore, it is
important to know the typical range and
length of pregnancy in cats. The cat’s gesta-
tion is reported to last 52-76 days,? with an
average of 65.3 days.> Breed influences are
recognised, with Romagnoli et al® reporting
a gestation length of 64.7 + 2.4 days in pure-
bred queens, and Socha et al® a mean duration
of 65.5 £ 1.32 days in Maine Coon queens.
Moreover, large litters are associated with
shorter gestation lengths,? especially in Maine
Coons® and Norwegian Forest Cats.?

Parturition

Problems at parturition in the cat are consid-
ered rare, and most queens will kitten by spon-
taneous vaginal delivery, without the need for
intervention.!® The incidence of dystocia due
to uterine inertia, inadequate size of the birth
canal or maternal overweight is reported to
range between 3% and 6%, with certain breeds
showing a predisposition.'” Notably, in a
recent report of 35 queens presenting with
dystocia, 69% of cases were of maternal origin,
while the remaining 31% were attributed to
the fetal component.” In general, only 3-7% of
queens have been reported to require surgical
intervention (caesarean section).*® In some
breeds, such as Maine Coons and Persian cats,
an increased risk for caesarean section is
reported, as well as an association between
caesarean section and the presence of one or
more stillborn kittens.®

Table 1  Normal parameters for newborn kittens at birth'>-17 I

Physiological parameters

Normal values (range)

Birth weight

Body temperature

Heart rate

Mucous membrane colour
Respiratory rate
Sleeping

Sucking reflex
Swallowing reflex
Righting reflex

Rooting reflex
Movement

Urination and defecation
Daily urine output

100 g (75-120)

35.5°C (34.4-37.2)

230 beats per minute (220-260)
Dark reddish pink

15 breaths per minute (10-18)
Activated sleeping

Active

Active

Active, lifting the head within a few seconds
Active

Active

Involuntary

2.5 ml/100 g body weight
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Litter size

Litter size has been reported to range between
one and nine kittens.2 Of a total of 7075 litters,
mean litter size was 4.0 + 1.9 kittens.® Litter
size was shown to decrease with increasing
age of the queen (>7 years old)* and has
been reported to vary among breeds, with
Persian /Exotic and Birman cats having small-
er litters.* Romagnoli and colleagues, in a
questionnaire study of purebred cats in
Italy, found that increasing litter size was

Malformations and physical defects

All kittens must be checked as soon as possi-
ble after birth for malformations and physical
defects. (See accompanying review on fading
kitten syndrome in this series for a discussion
of congenital anomalies.)

Maturity

Mature fetuses are able to cope with the dra-
matic changes occurring during the transition
from fetal to neonatal life, known as ‘neonatal

associated with both stillbirth and neonatal Clinical adaptation’. The concept of newborn maturity
mortality. assessment is still unclear in the dog and remains largely

unknown in the cat. Prematurity in kittens can
Neonatal assessment and assistance of kitten be suspected when the kitten’s coat is not

at birth

Correct management of newborns and plan-
ning of assistance at (or after) birth depends
on appropriate neonatal assessment. The fol-
lowing discussion aims to give practical
pointers, but readers should note that some
aspects relating to feline newborns are yet to
be fully investigated.

/]

When assistance is needed, after opening of the fetal mem-
branes the umbilical cord must be clamped, trimmed to about
1 cm from the abdominal wall, ligated when appropriate and
disinfected with chlorhexidine solution. Under normal condi-
tions, the umbilical stump dries within a few hours of birth

(Figure 1) and falls off within 3 days.

Similar to dogs, assisting kittens at birth should follow the
‘A-B-C-D’ rule.?! The first step, ‘A, is the removal of fluids from the
airways, ‘B’ refers to stimulation of breathing, ‘C’ stimulation of cir-
culation and ‘D’ the use of drugs. Given that the pharmacodynam-
ics and pharmacokinetics of drugs in the newborn kitten are mostly
unknown, their use should be restricted to the absolute minimum.?'
Note that the first three steps can be performed by breeders, but

the use of drugs is strictly the responsibility of the veterinarian.

The removal of fluids from the airways (A) by gentle suctioning
of the mouth and nares with a low-volume bulb syringe must
always precede the stimulation of breathing. It allows the entry

of air into the respiratory system and the onset of respiration.?'

Breathing stimulation (B) can be
provided in different ways depending
on whether the queen is under veteri-
nary or owner assistance. The veteri-
narian can provide oxygen support
with the use of a small face mask,
while owners can provide air support
through mouth-to-mouth air inflation,
or preferably by using a drinking
straw. It should be noted that provi-
sion of mouth-to-mouth air inflation
by the owner potentially risks
contamination of the kitten’s oral
microbiota and, vice versa, could
represent a threat to owner hygiene.
It should only be performed in
emergency cases as a life-saving
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maturity at
birth remains
a challenge.

Figure 1 Dry umbilical stump in a 1-day-old Norwegian Forest
Cat kitten

developed to fully cover the tips of the ears,
the tail and the paws, although breed-related
differences in the characteristics of the coat
must be considered. Based on what is known
in the dog,® when birth occurs a few days
before term, kittens can appear completely
covered by the coat, but still be physiological-
ly premature (especially organs such as lungs
and kidneys), impacting their survival after

procedure. Moreover, it must be underlined that the lung air volume
of a 100 g kitten is very small and air volume inflation by humans
risks causing severe and possibly lethal damage to the fragile
neonatal respiratory tissues.?’ In the dog, the Renzhong (Jen
Chung, GV-26) acupuncture point has been proposed as a way to
stimulate breathing,?>?® and the authors have experience of using
this technique in kittens. In brief, a 25 G needle is used and, once
the acupuncture point is located in the middle of the base of the
nasal philtrum, is inserted until there is contact with the bone. At this
point, the operator gently rotates the needle for a few seconds.????

Cardiac function (C) and efficiency at birth depends on oxygen
availability; therefore, stimulation of the heart and circulation
must always follow the previous two steps (A and B). Although
the level of assistance will be different depending on who per-
forms the procedure (veterinarian or breeder), gentle digital trans-
thoracic cardiac massage is possible, taking care to maintain
a high frequency of compressions (1-2 per second with intervals
to allow respiration) combined with suitable ventilation.?2?

Veterinarians may sometimes
resort to the use of drugs (‘D’) as a
last attempt at resuscitation. In new-
borns, parasympatholytic drugs,
such as atropine, should not be used,
but adrenaline (epinephrine) could be
administered to support cardiac
function in the case of cardiac
arrest. Use of drugs to stimulate res-
piration is debated. Knowledge from
human neonatology discourages the
use of analeptic drugs, while in
veterinary medicine the use of
doxapram is still considered contro-
versial,22 and the use of xanthine
has, at present, not been investigat-
ed in cats.



birth. Thus, the clinical assessment of kitten
maturity at birth remains a challenge.

Viability

In newborn dogs, assessment of viability at
birth, using the Apgar score,?* has been demon-
strated to be useful in improving neonatal out-
come. A very recent study has proposed a
modified form of Apgar scoring for the assess-
ment of feline neonate vitality (see Addendum,
page 241). By adapting some of the Apgar score
parameters it is possible to check viability.
Moreover, viability can be also assessed by the
evaluation of reflex scores, as suggested by the
same recent study in kittens. Indeed, in that
study a positive correlation between Apgar
score and reflex score was found. It is therefore
advisable to assess the presence of vital reflexes
such as the righting, rooting, sucking and swal-
lowing reflexes, which enable the kitten to
reach the nipple, attain the correct position for
nursing within a few seconds and nurse effec-
tively. Active movements and vocalisations are
also indicators of newborn kitten viability. It is
the authors” opinion, however, that in compar-
ison with puppies, newborn kitten reflexes and
vocalisations are less robust; therefore, experi-
ence is needed to distinguish between normal
viable and moderately less viable kittens.

Birth weight
Birth weight is reported to be associated with
survival? In a study by Mugnier et al® birth
weight less than the first defined quartile for the
breed was associated with kitten mortality, not
only in the first 2 days, but also thereafter at 2-42
days after birth. In a separate study, average
birth weight in kittens was reported to be 104 g
(range 65-165 g), and was found to increase with
increasing weight and height (at the withers) of
the queen.?® Conversely, birth weight was report-
ed to be inversely proportional to the number
of pregnancies and litter size?® In a study by
Musters et al,?> mean birth weight was 98 g, with
arange of 35-167 g; mean birth weight was high-
er in males than females. Birth weight less than
45 g was significantly associated with stillbirth.?
The critical threshold for birth weight,
which is useful in identifying kittens at risk of
mortality, was defined in seven cat breeds by
Mugnier et al,® and ranged from 77 g in
Oriental breeds up to 120 g in the Maine Coon.
It is interesting to note that, in Maine Coons,
Socha et al® reported a mean weight of 119.6 +
18.4 g in kittens born alive, with birth weight
increasing in kittens born after prolonged ges-
tational lengths (although within the reported
ranges) and decreasing with larger litter sizes.
When a low birth weight kitten is presented,
it should be strictly observed to make sure it
will ingest an adequate amount of colostrum
within the first hours of birth,?! and a regular

Newborn
kitten
reflexes and
vocalisations
are less robust
than those
of puppies.
Distinguishing
between
viable and
moderately
less viable
kittens requires
experience.
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milk intake subsequently. Moreover, thermal
and nutritional support must be provided,
when necessary.

Kitten immunity

The cat’s colostral phase of lactation has been
demonstrated by higher total concentrations of
immunoglobulin (Ig) classes G and A in the
mammary secretions collected on the day of
parturition when compared with day 7 of lac-
tation.”” The major Ig class in both colostrum
and milk is IgG.%” Thus, the susceptibility of
newborn kittens to many harmful conditions is
counteracted by the acquisition of passive
immunity from the mother. The endotheliocho-
rial placenta of the queen largely prevents the
transfer of antibodies from the maternal to the
fetal compartment,®® and thus passive transfer
of immunity via the placenta is extremely lim-
ited. In a study by Crawford et al, all kittens
were found to be agammaglobulinaemic at
birth,? while Ig concentrations in queen’s
colostrum were reported to be 40-50 g/l
compared with <1 g/1in milk.3* Therefore, the
colostrum is the major source of passive immu-
nity in kittens, providing immune protection
throughout the neonatal period, with endoge-
nous IgG production starting between 5 and
6 weeks of age.?® Absorption of colostral
immunoglobulins from the digestive tract and
subsequent transfer to the bloodstream is
recognised to be crucial for the survival of new-
born kittens.?® Enteric absorption of IgG peaks
at birth and rapidly decreases in the following
hours, ceasing at about 12-16 h after birth.%

Although there is an old study showing that
milk obtained any time during lactation from
queens could be used as a colostrum replace-
ment,?! more recent studies have demonstrat-
ed the different concentrations of Ig between
colostrum and milk.”” Colostrum, produced
during the first 2 days after parturition, repre-
sents the main source of immunoglobulins
and nutrients for the newborn kitten, and also
contributes to digestive tract maturation.?

Kittens should nurse as soon as possible
after birth, and promptly after resuscitation.
This is particularly important for kittens born
by caesarean section, as the mother cannot
take care of the litter until completely recov-
ered from anaesthesia. In the case of pro-
longed maternal recovery time, it advisable to
place the kittens near to the nipples and stim-
ulate the suckling of colostrum.

The only exception with respect to colostrum
intake relates to the risk of neonatal isoerythrol-
ysis, which is discussed in an accompanying
review on fading kitten syndrome in this series.

Following colostrum intake, the acquisition
of passive immunity by kittens can be assessed
by measuring peak serum IgG concentrations
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(range 350-6000 mg/dl). A study by Claus and
colleagues reported that this can be performed as
early as day 1 after birth, although quantification
is better at day 2. These investigators collected
0.25 ml of blood from the jugular vein of the kit-
tens; however, the present authors consider this
procedure not to be routinely applicable, mainly
due to the fragility of the veins in newborns.

Adequate passive immune transfer can also
be indirectly assessed by measuring alkaline
phosphatase activity in the blood, with a
threshold of 1500 IU/ml at day 1.” The ade-
quacy of passive immunity depends on several
factors, such as individual maternal ability to
produce colostrum containing different con-
centrations of specific immunoglobulins, and
the varying efficiency of colostrum uptake
within the litter.”® To the authors” knowledge,
however, the kitten threshold for acquired
protective passive immunity is currently not
available. Nevertheless, in the study by Claus
and colleagues,” serum IgG concentrations
of <400 mg/dl were observed in colostrum-
deprived kittens and, therefore, this was
suggested as the threshold to detect failure of
passive transfer of immunity, as also reported
in large animal neonates. Furthermore, while
the uptake of maternal passive immunity
undoubtedly provides strong protection for
newborns against possible life-threatening
infections, it should also be considered a
‘double-edged sword’. The high concentra-
tions of maternal antibodies, in fact, prevent
the development of the neonatal endogenous
immune response, with the maternal IgG half-
life reported to be around 4.4 days in kittens.>!

Colostrum is crucial for neonatal adapta-
tion, not only as a source of immunity, but
for the maturation of several organs; it is also
an important energy source.* The quantity of
colostrum needed to cover energy require-
ments should be at least 16 ml for a 100 g body
weight kitten/day, based on the reported
requirement of 20-22 kcal/100 g/day.*

From a clinical standpoint, maximising
colostrum quality could represent a strategy
to ensure the best outcome for newborn kit-
tens. This can be achieved through careful
attention to the management of breeding
queens, including nutrition and hygiene. An
increase in antibodies specifically directed
against pathogens affecting newborns, such as
FCV and FHV-1,** may be achieved through
vaccination performed as close as possible
to the beginning of heat in queens scheduled
for mating.®® When kittens do not ingest
colostrum and passive immune transfer is
known to have failed, it is possible to provide
a defence through the administration of stored
colostrum or serum obtained from an adult
cat. Breeders can store colostrum obtained
from queens by freezing it in small volume

JFMS CLINICAL PRACTICE

From a
clinical
standpoint,
maximising
colostrum
quality could
represent
a strategy to
ensure the best
outcome for
newborn
kittens.

Healthy kittens
should
be weighed
daily until
2 weeks of age
and then twice
a week until
fully weaned.
Sick kittens
should be
weighed more
frequently.

vials for a few months. However, harvested
colostrum can be contaminated by bacteria
harboured on the skin of the nipple, or, in
some cases (ie, E coli contamination), the pro-
cess of colostrum thawing can lead to bacterial
membrane rupture and release of endotoxins.
Therefore, colostrum must be collected asepti-
cally and always coupled with bacterial cul-
ture to avoid possible harmful contamination.

Serum can be administered orally to kittens
in the first 12-16 h® and up to 24 h of age, and
subcutaneously or intraperitoneally in older
kittens. Parenteral administration of 150
ml/kg adult cat serum subcutaneously or
intraperitoneally to colostrum-deprived kit-
tens has been reported to lead to serum IgG
levels comparable with those of suckling
kittens.® However, it should be underlined
that, although subcutaneous administration is
performed at different sites of inoculation,
sometimes severe and potentially disastrous
subcutaneous necrosis can occur, leading to
kitten death or the need for euthanasia.

From birth to the commencement
of weaning

Weaning in kittens usually begins around
4 weeks after birth, and as early as 3 weeks
after birth in orphans. Monitoring from birth
to the beginning of weaning implies regular
observation of the queen, the whole litter and
each kitten. Kitten monitoring is essential for
the prompt recognition of any abnormality
in weight gain, age-related development,
behaviour and body temperature, and to
promptly detect any sign of sickness.

Weight gain

The gold standard for kitten monitoring is
regular weight measurement with an accurate
1 g scale and meticulous record-keeping. This,
in turn, entails regular handling, allowing
evaluation of behaviour, reactivity (reaction
to external stimuli) and vigour, as well an
approximation of body temperature. Weight
gain is assured by regular and adequate milk
uptake. Inadequate intake can be due to kitten
weakness, illness, competition from siblings
or various maternal-related factors (see
below). Healthy kittens should be weighed
daily until 2 weeks of age and then twice a
week until fully weaned. Sick kittens will
require more frequent weighing, depending
on the severity of the illness.

Aloss of <10% birth weight is not unusual in
the first 24 h of life. However, in the authors’
experience, with healthy, viable kittens where
queens exhibit normal prompt lactation and
provide maternal care, this loss does not occur,
and weight gain will have already started
by day 1. Weight gain is an important and



accurate indicator for assessing the newborns’
health. In kittens, a weight gain of 50-100 g
per week is expected,’® with differences main-
ly related to breed. Weight gain should be
steady and progressive; any loss or stasis
needs strict observation, and treatment as
appropriate. When weight gain is lower than
expected, supplemental feeding must be pro-
vided, and the kitten observed scrupulously so
as to promptly detect any possible underlying
disease. For orphan management, a high qual-
ity commercial milk replacer formula is the
best option (see later). If the diet is not correct-
ly balanced, multivitamin, energy or taurine
supplementation may sometimes be needed.

Monitoring of development

The handling of kittens for daily weight mea-
surement allows evaluation of flexor tone
(Figure 2) initially, and then also extensor tone,
both of which are good indicators of normal
kitten development. Absence of flexor tone
could indicate severe defects and often carries
a poor prognosis. Multiple factors could be
associated with delayed development of the
kitten; among them are slow growth rate,
inadequate colostrum intake and/or problems
at birth (ie, hypoxia) or thereafter. The conse-
quence is lack of preparation for weaning at
21-28 days; slow growth rate is also a risk
factor for post-weaning wasting.*

Maternal role

Maternal dependence

Newborn kittens depend on the mother not only
for nutrition, but also for the maintenance of
correct body temperature, for grooming, protec-
tion and stimulation of urination/defecation.?
Therefore, appropriate maternal behaviour and
care at birth (and subsequently) is necessary for
kitten survival. At birth, under normal condi-
tions and with typical maternal behaviour, the
queen is responsible for opening the fetal mem-
branes, severing (biting) the umbilical cord and
licking the newborns; the purpose of licking,
aside from being important in stimulating respi-
ration, is to remove fetal fluids and allow the kit-
ten to dry. Licking the anal region and external
genitalia is also crucial for the excretory func-
tions of the kittens, as mentioned above.

]

In kittens,
a weight gain
of 50-100 g
per week is
expected.

Figure 2 Flexor tone in a
2-day-old Devon Rex kitten

Prophylaxis against the main inter-
nal parasites can be initiated from
2 weeks of age and relies mainly
on the use of pyrantel pamoate.® In
rescue shelter kittens, coccidiosis,
as well as fleas, can sometimes lead
to severe debilitation, requiring spe-
cific treatment. Use of fipronil spray

to treat flea infestations was report-
ed in kittens from 2 days of age.%
In the present authors’ experience,
the best option is to use it indirectly
by spraying it on a cotton ball,
which is then rubbed on the body of
the kitten, avoiding the eyes, mouth,
nose and anogenital area.?®
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Although these maternal actions are innate,
some queens do not show a normal pattern
of maternal behaviour and care for their
newborns, especially young primiparous
queens or those experiencing stress. There-
fore, the authors would always advise discreet
(no disturbance) surveillance to allow prompt
intervention and assistance to the newborns,
when necessary. Moreover, when a caesarean
section is performed, maternal instincts may
be disrupted in the first 24 h after surgery.

Maternal factors
It is important to note that besides genetic
predisposition, age and parity of the queen,
there are other maternal factors that can cause
kitten loss, including nutritional or metabolic
abnormalities such as diabetes mellitus,
hypothyroidism, hypocalcaemia and preg-
nancy toxaemia. Kitten death at birth can also
be related to poor maternal care and savaging
behaviours.®? Kittens that have experienced
intrapartum trauma usually show extensive
regional haemorrhage and/or oedema; with
inappropriate maternal care, amputation, skin
lesions and/or skeletal fractures have also
been observed (Figure 3).1

A queen responsible for infanticide in a litter
suggests an increased risk of infanticide
in future litters.* Causes of infanticide are
multiple and include genetic predisposition,
extremes of maternal age, low viability of the
newborn and environmental causes (in partic-
ular, interference from intra- or interspecific
individuals).3® Strict surveillance of maternal
behaviour around parturition and during the
first 48 h after birth is crucial, especially in
primiparous queens, to promptly identify
abnormalities and to save kittens.?! The
authors advise that each case of infanticide
should be fully investigated to clarify, and
where possible address, the underlying cause.
If proved to be individually predisposed to
infanticide, the queen should be removed from
breeding. It has been reported anecdotally that

Figure 3 Trauma and haemorrhage due to infanticide
in a newborn Norwegian Forest Cat kitten
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using a different tom cat at the subsequent
mating might help to reduce infanticide.

Maternal illness, trauma, inadequate nutri-
tion, stress or toxin ingestion, and administra-
tion of certain drugs, can all cause stillbirth!4 or
have consequences for the health and survival
of the newborn kittens. Appropriate manage-
ment of pregnant queens and focused clinical
monitoring is important for the early detection
of these conditions, reducing the impact both
on the mother and the litter. There is a report
in the literature describing the long haircoat of
the queen as a possible life-threatening factor
for neonates, leading to the recommendation
of regular grooming of pregnant long-haired
queens close to parturition.!®

Orphan management

Kittens may be orphaned or found abandoned,
or may need to be hand-reared because of
maternal illness, death, rejection or inadequate
lactation.® As reported for dogs, inadequate or
absent milk production can be due to multiple
factors, such as the mother’s inexperience, ner-
vousness, age, familial traits, systemic illness,
dystocia, mastitis or malnourishment, or may
result from an inadequate environment with
intra- or interspecific disturbances.®* Depend-
ing on the underlying cause, the management
of orphans may range from simple feeding to
the substitution of full maternal care, includ-
ing warming, feeding, protection, stimulation
of excretion (urine and faeces), grooming and
socialisation.®® Finding a foster mother that
accepts the orphan kittens is certainly the best
option, but is rarely possible. It is reported that
fostering of kittens from another dam is more
likely to be successful if the queens involved
are related and if this transition is carried out
in the first week after parturition.® Otherwise
it is advised that orphaned kittens are more
likely to be correctly nourished if they are no
more than 2 weeks younger than the ‘real’
litter, so as to avoid competition and an
unfavourable size disadvantage.* In practical
terms, most orphans must be hand-reared.
Hand-rearing of orphans is time-consuming,
requiring the availability of simple instruments
and an adequate environment, as well as an
understanding of the main physiological fea-
tures and milestones in kitten development;
such knowledge is necessary not only to pro-
vide correct management, but also to allow
prompt recognition of abnormalities and, in
turn, timely intervention. In the authors” expe-
rience, in the majority of cases, a fully dedicat-
ed and skilled person can be more influential in
successfully raising orphan kittens than a fully
equipped facility. Orphan management will be
slightly different depending on whether the
kitten is a singleton or if multiple kittens have
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Some
queens do
not show a

normal pattern
of maternal
behaviour and
care for their
newborns,
especially
young
primiparous
queens or
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experiencing
stress.

A fully
dedicated and
skilled person

can be more
influential in
successfully
raising orphan
kittens than a
fully equipped
facility.

Table 2 Milestones in kitten

development from birth to
commencement of weaning'>1"

Parameters Age (days)
Umbilical stump falls off B

Eyelids opening 8-10
External ear canals opening 6-14
Crawling 7-14
Walking 14-21
Normal posture 28
Deciduous teeth eruption 14-28
Flexor tone 0to 34
Extensor tone 4 to 21-35
Voluntary urination and defecation 21-28

to be reared. In addition, the specifics of orphan
management strongly depend on the factors
that led to the orphaning, as well as the health
of the kittens. It is important to be aware that
outcomes can be unpredictable, and sometimes
frustrating, despite correct management.

Irrespective of whether orphans come from
pet or breeding queens, or from a shelter,
there are certain essential requirements (see
box on page 239).

The age-based approach to management
means that when the kitten’s age is unknown,
it must be estimated by assessing body weight
and age-dependent changes in physiology.
The most important parameters, in addition to
an average daily weight gain of 10 g (range
7-15 g), are summarised in Table 2.

Environment

A quiet, clean, well ventilated room (ie, regu-
lar air changes, avoiding draughts at the same
time as not having a completely closed room),
with adequate humidity (55%) and a room
temperature of 20-22°C is important for the
management of orphan kittens.?% The litter
must be maintained in a kitten box of a suit-
able size to keep the kittens nestled closely
together (avoiding kitten spread), especially
within the first week of age, and lined with
soft, warm, clean, disposable bedding; ensur-
ing the kittens do not become separated helps
to avoid dropping of body temperature.

The temperature of the kitten box must be
regulated appropriately according to the age
of the kittens (32-34°C up to 1 week of age,
gradually decreasing to 24-27°C by 3 weeks
of age),* and must be kept constant as much
as possible; sudden changes in temperature,
as can happen, for example, when using a
plastic bottle filled with warm water, must
be avoided. Also, heating pads must be used
cautiously, because temperature regulation
is sometimes difficult with these devices,
which risks causing damage to the kittens.*’
Independent of the chosen method of thermal



support, a clean towel should always be used
to cover the source of warmth so there is no
direct contact with the kittens to avoid any risk
of skin burns. An infrared heat lamp can also
be used, provided it is positioned at a reason-
able distance (at least 60 cm*!) from the kittens,
which must be closely monitored to avoid skin
burns and dehydration.

Whichever method is used, the authors sug-
gest restricting these sources of warmth to one
side of the box only. Although considered neu-
rologically immature in terms of their ability to
move closer to or away from a heat source,*?
in a practical setting it is not uncommon to see
litters migrating away from the heating device
in the case of excessive warmth, and vice versa.
Indeed, other authors have described healthy
kittens as being able to escape from an excessive
heat source, but this is something that must not
be assumed, as it also relates to the viability of
the newborns.*! For all of these reasons, it is
dangerous not to provide a means of ‘escaping’
excessive warmth.* Finally, where available,
paediatric incubators can be used to create opti-
mal conditions for the kittens. However, even
these instruments require continual monitoring
to verify the correct ambient conditions.*?

Feeding

Of all the issues surrounding hand-rearing of
kittens, feeding is the foremost. In the authors’
experience, many kittens sadly die because
of incorrect feeding by caregivers. Kittens
must not be fed when their body temperature
is below 35.5°C and, where warming of
chilled kittens is necessary, this must be
achieved gradually (the authors suggest no
more than 1°C in 1 h).2136404243 Often there is
a mismatch between the amount and frequen-
cy of feeding and the physiological stage of
newborn development.

Commercial milk replacers are largely
better quality than homemade formulae
(which should be limited to emergency situa-
tions®), ensuring that kittens’ specific nutri-
tional requirements are met. Cow’s milk or
milk from other animal species must not be
fed.*! The wrong choice of milk can lead to
acute diarrhoea and regurgitation, gastro-
intestinal meteorism, abdominal colic and
starvation and, in the long run, metabolic

|

< Appropriate environmental
temperature, humidity and
ventilation

< Warm, soft, clean kitten box

< Adequate feeding instruments
(Figure 4)

< Correct (age-dependent) feeding

< Regular stimulation of excretion

The daily
requirement
of a newborn

kitten for
commercial
milk is about

20-26 mi/100 g

body weight.

It is always
better to
feed small
amounts
(never reaching
maximum
stomach
capacity),
but more
frequently.

(urine and faeces)

< Daily weight measurement

<= Strict hygiene (environment and
instruments)

< Age-dependent sensorial and
social stimulation

< In the case of illness, disease-
specific approach
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and/or developmental abnormalities (eg,
secondary hyperparathyroidism).*

The daily caloric requirement of a newborn
kitten is 2026 kcal /100 g body weight, and most
commercial milk replacer formulae deliver about
1.0 keal/ml*® Therefore, the daily requirement
for commercial milk is about 20-26 ml/100 g
body weight.*> However, the frequency of feed-
ing and the amount of milk per feed depends on
the age of the kitten and on stomach capacity*!
During the first 2 weeks, kittens must be fed
every 2 h. Thereafter, the interval between feeds
can be extended to 34 h. Although stomach
capacity has been reported to be 4 ml/100 g body
weight,®® in the authors” experience it is always
better to feed smaller amounts (never reaching
maximum stomach capacity), but more frequent-
ly (ie, 2 ml per feed a total of 12 times/day for a
kitten of 100 g body weight). This is very impor-
tant so as to avoid regurgitation, milk inhalation,
nasal discharge, abdominal distension and diar-
rhoea. Orphans with an active sucking reflex can
be bottle-fed. For sick orphans or kittens with a
weak or absent sucking reflex, milk must be
delivered via an orogastric tube.

Milk replacers are available in liquid or
powdered form, the latter needing correct
dilution as detailed by the manufacturer.?
Errors in dilution can lead to diarrhoea or
constipation. Although many authors advise
preparing and refrigerating enough milk for
24-48 h,15%2% the present authors recommend
preparing only the amount needed for each
feed to avoid contamination and possible
fermentation. Before feeding, the milk must
be warmed up (eg, using a water bath) to
35-38°C. All equipment (Figure 4) must be
cleaned and sterilised at every feeding;!® the
present authors suggest the use of sterilising
solutions for baby bottles for this purpose.

Orphans must be monitored for weight gain
even more strictly than kittens being nursed
by their mothers. Weight gain in orphaned
kittens fed with commercial formula milk is
slower than in kittens fed with queen’s milk.!°

Suckling

Suckling is important not only for feeding;
the behaviour also satisfies an innate kitten
desire. Early weaned and orphan kittens can
develop cross-sucking behaviour.® This refers
to non-nutritive sucking of the littermates
(mostly external genitalia and umbilical
stumps), a behaviour that can inflict severe
injuries. Where this happens, kittens must be
separated. If cross-sucking recurs when kit-
tens are reintroduced, they must be separated
again and kept alone. While there is much still
to be learnt about this phenomenon, a recent
study?®® documented an increased risk of
cross-sucking development in orphan, bottle-
fed and younger kittens, as well as in those
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Figure 4 Feeding instruments for kittens. (a) Bottle for feeding of newborn kittens; above

it are two types of nipple, adequate for the size and vigour of newborns. (b) Brush for
cleaning the feeding bottles. (c) Graduated syringe, ideal for feeding kittens in the first days.
(d) Disposable Pasteur pipette, very useful for administering milk formula slowly, drop by drop

precociously separated from the mother or
belonging to all-male litters.

Excretion

Orphans that are less than 34 weeks of age
should be stimulated to urinate and defecate
by gently rubbing the anogenital area using
soft, warm, white, dampened cotton cloths.
Urine must be checked for normal appearance
(almost transparent) and faeces for the normal
characteristics (yellowish, soft). Excretion of
urine should be stimulated at each feeding
time, while faeces excretion might be slightly
delayed. In kittens not defecating for 24 h, a
small amount of paraffin oil (0.5 ml, irrespec-
tive of the weight of the kitten) can be added to
the milk; if the condition is prolonged for more
than 24 h, constipation must be counteracted
by using a similar amount (0.5 ml) of newborn
babies’ enema diluted (50:50) with warm
water. Any alteration in urine or faecal colour
and characteristics must be investigated.

Diarrhoea
Diarrhoea is a not uncommon condition in
orphan kittens and consists of an increased fre-
quency of evacuations and/or altered (dimin-
ished) consistency of the stool. Among the
possible causes, feeding management mis-
takes, infectious agents and parasitic diseases
are the most frequent.*? Depending on the
underlying cause, diarrhoea can be mild or
severe, and sometimes fatal. It has been report-
ed that about 15% of fostered kittens die before
8 weeks of age, mostly due to diarrhoea and
with post-mortem findings of enteritis.*

In the authors’ clinical experience, a sudden

JFMS CLINICAL PRACTICE

Weight
gain in
orphaned
kittens fed with
commercial
milk is slower
than in kittens
receiving
queen’s
milk.

change in feeding is often the underlying
cause; for example, when making the transition
from maternal to artificial milk, or changing
the milk replacer formula. Ingestion of milk of
the incorrect temperature can also lead to vom-
iting and hypothermia, as well as issues with
absorption,* in turn triggering colitis and diar-
rhoea.*? Environmental conditions can affect
digestion, contributing to an altered faecal con-
sistency. Moreover, ingestion of contaminated
milk (eg, when not properly stored), and the
presence of viruses and/or bacteria, could
potentially act directly or in a synergistic way,
leading to dysbiosis and diarrhoea.!?

In adults without any other clinical signs such
as lethargy or vomiting, the presence of stools
of altered consistency is something that can
often be addressed less urgently. By contrast,
the presence of diarrhoea in newborn kittens
must be promptly addressed. Indeed, associat-
ed losses of substantial quantities of water, min-
erals and nutrients create the conditions for
dehydration and hypoglycaemia. As the situa-
tion can worsen rapidly, in just a matter of
hours, the authors recommend the provision of
supportive therapy, which can include the
administration of fluids, prebiotics, probiotics
and sometimes adsorbents.”” If the kitten’s
appetite is maintained and the sucking reflex is
present without vomiting, oral administration
of milk and nutritional supplements might be
enough to restore fluid losses. If there is loss of
appetite, no sucking reflex and signs of dehy-
dration are present, then the use of a feeding
tube must be considered. While the real value of
subcutaneous fluids in newborn kittens is still
debated, intraosseous access should be used to
provide parenteral fluids,® as it is preferable
not to use newborn vessels given their small
size and fragility. Where possible, however, the
underlying cause of the diarrhoea must be iden-
tified with, for example, coprological tests, fae-
cal smear and / or an accurate medical history to
investigate possible nutritional errors.

As reported for adults, use of antibiotics for
the medical treatment of diarrhoea is contro-
versial.!?>*48 Specific antimicrobial therapy
should be considered when there are signs
of inflammation in the gastrointestinal tract
(eg, numerous inflammatory cells in faecal
smears), bloody faeces, fever, leukocytosis or
when septicaemia is suspected.?

Socialisation

Itis reported that the sensitive period for social-
isation towards humans occurs between 2 and
7 weeks of age, when multiple stimuli allow for
the rapid growth of neural connections and, in
turn, the development of social behaviour.*
During this period, kittens should become
accustomed to human contact.*® For orphan kit-
tens, an age-dependent progressive increase in



KEY

Kittens are highly vulnerable at birth and until weaning.

An understanding of basic neonatal physiology is needed
for the correct management of kittens at birth and up to the
beginning of weaning.

At birth, suitable maternal care and/or assistance improves
neonatal outcome.

Normal birth weight is a strong predictor of kitten survival.

Colostrum intake, as soon as possible and no later than after
12 h of life, is needed for passive immune transfer.

Steady and progressive weight gain is related to normal neonatal
development.

Maternal instinct and appropriate behaviour is critical for kitten
survival and normal growth.

The success of orphan management depends more on a skilled
dedicated person than the availability of a fully equipped facility.

Hand-rearing of orphans involves not only correct
feeding, but also warming, protection, voiding,
grooming and socialisation.

handling is needed to allow for an appropriate
degree of behavioural and social maturation.

Addendum

At the time of going to press, a paper was
accepted for publication in JFMS that discusses
routine assessment of newborn kitten vitality.
Readers are referred to Hibaru et al’s study,”
which demonstrates significantly lower Apgar
scores and reflex scores (ie, low vitality) in 13
neonates delivered by caesarean section com-
pared with 19 neonates delivered by natural
birth. The paper proposes the use of a modified
feline Apgar score that allows the provision of
immediate assistance at birth, increasing the
chance of survival for these patients.
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