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Abstract

Fetal mummification is the unusual and most important gestational disorder
in domestic animals with the highest incidence in multiparous and polytocous
species like swine (up to 4%). The fetal mummification is different in
monotocous and polytocous species. In cattle and buffalo, it is commonly
observed between 4th to 8th month of gestation. The fetal death without
abortion, persistent corpus luteum and progesterone influence collectively
lead to the formation of the mummified fetus. The two notable forms of
mummification in domestic animals include haematic and papyraceous types.
The etiology is multifactorial and different conditions are held responsible for
the occurrence of fetal mummification in each species. The common causes
include genetic or chromosomal abnormalities, placental defects, infectious
agents, abnormal hormonal concentrations, and drugs. Transrectal palpation,
radiography, and ultrasonography are useful clinical tools for the diagnosis of
mummification. The treatment protocols and management strategies differ
between the species. The prevention of fetal mummification is possible by
practicing good hygiene and sanitation, periodically following the standard

vaccination protocols, and adopting the recommended reproductive
monitoring programmes.
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Introduction

Fetal mummification is one of the important gestational disorders in domestic species where a fetus dies and along
with fetal debris remains in the dam’s uterus beyond the normal length of gestation. Multiparous and polytocous
species like swine exhibit a higher incidence of mummification. Besides, it has been reported in several other
species, including the cattle, buffalo, goat, sheep, horse, bitch, and cat. In cow and buffalo, the fetal death without
abortion and persistent corpus luteum (PCL) at the end of the first and beginning of the second trimester of gestation
result in autolytic changes in the fetus. The shrinkage of the uterus and the fetus occurs gradually with the absorption
of the placenta and fetal fluids forming mummy within the uterus. The cervix remains tightly closed in this condition
and the fetus will be sterile (Purohit and Gaur, 2011). The mummification keeps the uterus quiescent through the
continued presence of progesterone from a (PCL) (cow), functional placenta (mare), or some exogenous
(progesterone injections). The cattle and buffalo exhibit anoestrus as a mummified fetus remain in the uterus under
the persistent effect of progesterone. The mummified fetus associated with a PCL is noticed mainly in cows and
buffaloes, rarely in goats. In pig, goat, sheep, dog, and cat, one or multiple fetuses will be affected and delivered at
the time of normal parturition.

Incidence

The breed and history of the previous incidence are considered to be risk factors for higher incidence. The fetal
mummification has an incidence of up to 2% and 0.01% in cattle and buffalo, respectively (Barth, 1986; Modi et
al., 2011). The Brazilian swine herds and French herds exhibited a prevalence of 3.45% and 3.9%, respectively
(Cozler et al., 2002; Borges et al., 2005). Fetal mummification in goats and sheep is unusual and affects either single
or multiple fetuses. The incidence in horses is very rare and a substantial study of abortion in the mares reported
only two cases (0.007%) of fetal mummification (Tengelsen et al., 1997). Similar to cows, in horses mummification
occurs between the end of the first trimester and last trimester of pregnancy. The incidence in dogs and cats is low
with sporadic reports.

Etiology

The causes of fetal death and mummification are manifold and impossible to determine as the time of fetal death is
not known (Table 1). The autolysis followed by mummification of fetus and membranes poses difficulty in the
determination of causative agents. The common causes of fetal mummification are genetic or chromosomal
abnormalities, placental defects, infectious agents, abnormal hormonal concentrations, and drugs in most of the
domestic animals. The infectious agents like Campylobacter fetus, fungi, Leptospira spp., and BVD-MD virus
causing fetal death without abortion may result in mummification in cattle (Drost, 2007). Likewise, most of these
diseases are reported in buffaloes and might induce a similar fatal outcome to the fetus in buffaloes (Martuciello et
al., 2009). Furthermore, the ingestion of toxic plants is also a can also lead to fetal death and mummification in
ruminants (Smith, 1979). The torsion of the fetal umbilical cord leading to compression followed by fetal hypoxia
can sometimes be a cause of mummification. In sheep and goats, fetal mummification is most often associated with
infectious diseases, especially Coxiella infection (Lefebvre, 2015). The deficiency of energy and protein during 90—
120 days of gestation also leads to mummification. In swine, it is related to poor management, underfeeding, and
infectious diseases (Lefebvre, 2015). In horses, mummification is mainly associated with the twin fetus death due
to the lack of sufficient space in the uterus for the survival of both fetuses. The infectious agents seem to be largely
responsible for fetal mummification in dogs and cats. The mummification process usually makes bacterial and viral
analysis, biopsy, and chromosome analysis very difficult (Elmore, 1992). Interestingly, cattle and buffalo uteri
which are examined and cultured are sterile and free of microorganisms. The endometrium will be involuted and
appears normal which is further supported by the fact that cows usually conceive in the subsequent estrus after the
removal of the mummified fetus.
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Table 1: Species-wise etiology of fetal mummification in domestic animals

2015)

3. Uterine torsion

Species Reference Infectious causes Non -infectious causes
1. Campylobacter fetus 1.  Umhbilical torsion
2. Molds 2. Uterine torsion
3. Leptospira spp. 3.  Defective placentation
4. Enteroviruses 4. Interplacental hemorrhage
( ] 5. BVD-MD 5.  Failure of placental function
Smith, 1979; Drost, 2007; i iari
(:Bol}/%/fg:ﬂod Martuciello et al., 2009; Lefebvre, N . ?épon-li-g;()lc plants (eg. Pieris
2015) ' eospora caninum 7. Genetic anomalies
8. Abnormal hormonal profiles
9. Chromosomal abnormalities
10.  Deficiency of uridine
monophosphate synthase
(DUMPS)
1. Porcine parvovirus (PPV) 1. Larger litter size
\%lrtil?z\%}(g;v)d isease/pseudorabies 2. Placental insufficiency
?I.EMEg\c/gphalomyocardltls virus | o Mycotoxins
4. Swine erysipelas
5. Japanese encephalitis  virus | 4. Adverse environmental
Swine (Lefebvre, 2015) (JEV) conditions
6. Porcine circovirus 2 (PCV2)
7. Porcine reproductive and
respiratory syndrome virus (PRRSV)
8. Swine fever virus (SFV; African
and classical)
9. Swine influenza virus (SIV)
10. Teschovirus
1. Toxoplasma gondii é - Energy and  protein
eficiency
2. Chlamydophila abortus 2. Trauma causing fetal death
Sheep | (Luedke, 1985; Broaddus et al., 2009; | 3. Bluetongue (eg. prepubic tendon rupture)
and goat Dubey, 2009; Lefebvre, 2015) 4. BVD
5. Border disease
6. Coxiella infection
1. Twinning
Horses (Threlfall, 2005; Lefebvre, 2015) Nil 2. Ultrasonography-guided twin
reduction
1. Canine herpesvirus (CHV) 1. Hypothyroidism
2. Canine papillomavirus type 2 Chromosomg. and
(Hashimoto et al., 1982; Planellaset | 1'(cpyq) development abnormalities of the
Dogs al., 2012; Lefebvre, 2015) fetus
3. Toxoplasma 3. Exogenous drugs
4. Trauma
1. Feline panleukopenia virus L. Trauma leading to uterine
rupture
Planellas et al., 2012; Lefebvre, 2. Feline leukemia virus 2. Exogenous drugs
Cats - - ——
3. Feline rhinotracheitis virus
4

Feline infectious peritonitis
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Pathophysiology

The formation of fetal mummy occurs gradually over weeks to months and depends upon the fetal age at the time
of the death. In cattle and buffaloes, after fetal death when the placental caruncles start to involute, hemorrhage
occurs between the endometrium and fetal membranes. This leaves a reddish-brown, gummy, tenacious mass of
autolyzed red cells, clots, and mucus after absorption of plasma. The browny mass of viscous adhesive material
coats the fetus and hence the mummification is known as haematic or chocolate mummification (Fig. 1A & 1C). It
is common between the 4" to 8" month of gestation but most cases occur during the 5" and 6™ month in all age
groups and various breeds of cows and buffaloes. The haematic mummification is also reported in dogs (Vikram et
al., 2015) and horses (Pizzigatti et al., 2012). In some instances, the mummy will be dry, shriveled with the stiff
feto-placenta unit and no exudate is called papyraceous mummification, reported in cattle (Fig. 1B), buffaloes, dogs,
cats, and sharks (Arthur et al., 1996; Threlfall, 2005; Gadakh and Akhare, 2008; Alagar et al., 2016; Rautela et al.,
2018). Moreover, fetal death at a very early age before the ossification process will lead to the absorption of entire
fetal contents without forming a mummy. Unlike fetal mummification, fetal maceration differs by its putrified fetal
contents in the uterine cavity under the presence of bacteria and oxygen.

Figure 1: A. The haematic mummified fetus of cattle expelled at term. B. The papyraceous mummified fetus of
cattle. C. Four-month-old haematic mummified buffalo fetus. D. Stillbirth normal fetus and mummified fetus of
goat removed at term. E. Haematic mummified twin fetus aborted in goat. F. The haematic mummified fetus of
sheep. G. Eight variable-sized mummified fetuses and two stillbirth normal fetuses removed by caesarian section in
the dog (Adapted from Vikram et al., 2015)

Diagnosis

The mummification is usually not suspected until after the normal gestation period when calving fails to occur. No
systemic or other types of illnesses are evident in cows and buffaloes except for spontaneous abortion in a few cases.
In small ruminants, the mummified fetuses are spontaneously aborted or found along with the normal fetuses at the
time of parturition (Fig. 1D, 1E & 1F). This condition in cows and buffaloes can be detected during regular
pregnancy diagnosis or sometimes when animals have a history of prolonged anestrus. The primiparous cows and
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buffaloes with a history of regression of formerly well-developing udder may be conjectured for fetal
mummification. Transrectal palpation reveals no fluid ballottement in the uterus, usually felt like a tightly wrapped
sac around a small firm fetus having a bird-like head. The empty sunken eye sockets are readily felt by transrectal
palpation (Purohit and Gaur, 2011). As the process of fetal mummification continues, the uterine wall shrinks and
tightly encompasses the formed mummy. The duration inside the uterus defines the appearance of the mummy, with
more duration the drier, firm, and more leathery the fetus appears. The longer the duration the thicker the uterine
wall and the animal exhibit anestrus due to the presence of progesterone by PCL. Sonographically uterine walls will
be thickened, no anechoic fluid, no fetal heartbeat, rather echogenic areas, and hyperechoic bones will be seen (Dutt
et al., 2018). On a few occasions, the chronic mummified fetus gets lodged in the uterine wall. Rarely mummified
fetus may reach the perimetrium of the uterus. In small ruminants, the characteristics of placental lesions and
subsequent isolation of the infectious agents such as C. burnetii, C. abortus, and T. gondii is necessary for definitive
diagnosis (Lefebvre, 2015). The mummified fetus is most often delivered along with the normal fetuses or retained
inside the uterine cavity which can be visualized by sonography. In swine, mummified fetuses count concerning
litter size, and the age of mummies are reliable indicators of the potential etiologic agent (Lefebvre, 2015). In an
unvaccinated primiparous sow herd, when litters are small and multiple mummies are observed it should be
suspected for PPV infection. The feed should be checked for fungal toxins when all the mummies are of the same
size. The PRRSV infection is usually suspected when large mummified fetuses occur late in pregnancy (after day
70 of gestation) (Lefebvre, 2015). In addition to clinical history, serology appears to yield promising results for
reliable diagnosis of PPV and PRRSV in the infected herd. In horses similar to cattle, transrectal palpation is a
reliable technique, and while sonography exhibits hyperechoic bony structure devoid of anechoic fluids in the
uterine lumen (Threlfall, 2005). In bitches, CHV infection is suspected from clinical history (vaccination status) and
kennel status (Lefebvre, 2015). The sonography can be used in bitches for the diagnosis of early congenital
anomalies of a fetus or mummified fetus (Khatti et al., 2017). The clinical examination of pathologic changes seen
in affected and mummified puppies delivered normally or by caesarian section are helpful (Fig. G) (Vikram et al.,
2015). The diagnosis in cats is difficult and extrauterine mummies found in the abdominal cavity or thoracic cavity
as ossified mass are found accidentally by sonography or radiography or during abdominal surgery (Planellas et al.,
2012; Ivanova et al., 2019).

Treatment and Control

In cow and buffaloes, post-diagnosis treatment of fetal mummification is quite simple. The decision tree for the
diagnosis and treatment of fetal mummification in cows and buffaloes is frequently followed (Fig. 2) (Lefebvre et
al., 2009). The drugs that cause lysis of corpus luteum such as estrogens 80 mg stilbestrol or 5 mg estradiol 173 and
prostaglandins (PGs) (natural: 25mg or synthetic: 0.5mg intramuscularly) will help in expulsion of the mummified
fetuses within 48 - 72 hours in cattle and buffaloes (Roberts, 1986; Purohit et al., 2012). In about 80% of cases a
single dose of estrogen or prostaglandin is sufficient, if not, a similar dose may be administered a second time. The
clinicians must review and re-examine animals after 48-72 hours of treatment, as in some cases, the fetus may be
lodged in the cervical canal or vaginal cavity (Jalakas, 2000). In such conditions, the vaginal tract requires much
lubrication before gradual traction with a snare or Knowles cervical forceps to help remove the fetus or episiotomy
may be performed. In chronic cases, one or several medical therapies such as prostaglandins (PGF»,, intramuscularly
and PGE_, locally on or in the cervix or intravenously), valethamate bromide, dexamethasone, estrogens, ritodrine
or isoxsuprine HCI, may dilate the cervix, but usually fail to deliver the fetus which is tightly lodged to the uterine
wall and animal continue to exhibit anestrus (Lefebvre et al., 2009). In such cases, the mummy may be removed
surgically through laparotomy followed by hysterotomy under paravertebral nerve block, if the uterine horns are
suspended in the abdominal cavity ahead of the pelvic brim (Mahesh et al., 2014). The small mummies are usually
removed by the hysterotomy by a colpotomy in valuable cows (Hisbrunner et al., 2004). Besides, the uterine lavage
is indicated to remove debris from the uterine cavity. The medical removal of a mummified fetus will not affect
future fertility, as the fetal contents and uterine cavity will be sterile. However, the surgical removal of a deeply
embedded mummified fetus that is lodged against the uterine wall may affect fertility. In small ruminants, the
mummified fetus is normally delivered at the time of kidding. If a fetus or fetuses are retained it is removed by
vaginal delivery after lubrication (Chauhan et al., 2014) or surgically through laparotomy. The Coxiella infection
or border disease in small ruminants cannot be successfully treated. However, the incidence of C. abortus caused
abortions in the last trimester can be reduced by treating with the tetracycline or decoquinate treatment. The T.
gondii infection induced abortions may be reduced by the supplementation of monensin throughout the gestation.
In the horse, the presence of CL indicates PGF,, (natural: 25 mg IM) as the drug of choice. In the absence of a CL,
the cervix is relaxed to expel the mummified fetus by 17B-estradiol (5 mg IM) or PGE; (200 pg misoprostol)
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administered locally on or in the cervix 24 hours before oxytocin is administered (Lefebvre, 2015). In some
instances, the cervix is dilated manually using obstetrical instruments, and the mummy is delivered by manual
traction of or by cesarean section. In swine, the best treatment is prevention. In dogs, no effective treatment is
available. However, the mummied fetuses if present are delivered normally at the time of whelping or removed by
the caesarian section (Vikram et al., 2015). The current treatment protocols in cats are removal of mummies from
the abdominal or thoracic cavity by surgical approach.

Diagnosis Treatment
No systemic or other
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Figure 2: Modified decision tree for aiding in diagnosis and treatment of mummification in cows and buffaloes
(Source: Adapted from Lefebvre et al., 2009 with slight modification). Abbreviations: Al, artificial insemination;
PGF.,, prostaglandin F»,; PGE, prostaglandin E,

As the fetal mummy formation has no specific causes, the key is to maintain strict hygienic and good sanitary
conditions and adopt the correct vaccination program. The emphasis should be given on the reproductive monitoring
programmes. In sheep and goats, culling the animals which previously aborted is recommended. The new animals
purchased should be quarantined to check Coxiella infection. The C. abortus is prevented by vaccination and
animals should be fed in a feeding trough but not on the ground (Lefebvre, 2015). In swine, proper care in the form
of optimal nutrition, stress management, rigorous sanitary protocols, and vaccination against PPV and PRRSV are
all of the utmost importance (Lefebvre, 2015). In the horse, close monitoring to determine the double ovulation and
confirmation of twin pregnancy as early as day 14 is recommended. This allows for early twin embryo reduction
sonographically and the risk of fetal mummification will be minimized (Raggio et al., 2008). In dogs, eradication
of CHV from kennels and segregation infected animals is often unfeasible. The usage of artificial insemination,
CHYV free males, and maintaining good kennel biosecurity have been proposed as a way of minimizing CHV spread
in dogs (Ronsse et al., 2005). In cats, maintenance of good sanitary conditions, reproductive monitoring
programmes, and periodical vaccination against viral diseases are essential.

Conclusion

The fetal mummification is different in monotocous and polytocous species as the causative agents, clinical signs
exhibited, treatment protocols, and prevention and control methods are different. A systematic study is necessary
for different domestic animals to establish the exact etiology and to improve the diagnosis of fetal mummification.
At present, the usage of better preventive medicine (vaccination), good nutritional care, effective stress
management, and reproductive monitoring help to decrease the disease incidence and preserve the overall fertility
of the herd.
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