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“Scientific curiosity makes you wonder: what’s underneath that 
rock? And when you finally raise that rock to discover what is 

below, you will always find many more little rocks – and now you 
want to know what’s beneath each one of them”

Gerold Sievers Prekehr

Gerold Sievers Prekehr was an eminent veterinary parasitologist and former Full Pro-
fessor at the Faculty of Veterinary Sciences of the Universidad Austral de Chile (UACh) in 
Valdivia. After obtaining his veterinary degree at the UACh, Prof. Sievers joined the Univer-
sity’s Veterinary Hospital as lecturer. He obtained his doctorate (Dr. med. vet.) in 1973 at 
the University of Veterinary Medicine Hannover (TiHo), Germany, with a thesis describing 
a novel method to isolate infective larvae of parasitic nematodes from pasture1. Following 
a period as scientist in the German pharmaceutical industry, Prof. Sievers returned to Chile 
in 1975 to take a position as Professor and Director of the Laboratory of Parasitology in the 
Institute of Animal Pathology at the UACh, roles that he held until his retirement in 2009.

During his academic and scientific career of over 40 years, Prof. Sievers studied the 
biology, epidemiology, diagnosis, prevention and control of several parasites of veteri-
nary and zoonotic importance in Chile. He performed long-term research studies on the 
seasonal dynamics of parasite egg excretion and development of infective stages of para-
sitic nematodes of cattle, sheep, horses and cervids in different environments in southern 
Chile2,3,4. Prof. Sievers also investigated the life cycles and epidemiology of the cattle horn 
fly Haematobia irritans and the equine bot flies Gasterophilus5, as well as the biology and 
economic impact of the salmon parasites Ceratothoa gaudichaudii6 and Caligus rogercresseyi. 
This seminal work provided new understanding on local infection dynamics of several par-
asite-host systems, allowing the design of prevention and control strategies of endopara-
sites and ectoparasites based on the principles of “prophylaxis” (management practices of 
contaminated areas and of animals to avoid clinical parasitoses) and “metaphylaxis” (stra-
tegic administration of antiparasitic drugs to reduce the parasite infective stages in the 
environment). Furthermore, Prof. Sievers performed extensive studies on the field efficacy 
of anthelmintics in cattle and horses, reporting the first cases of anthelmintic resistance in 
equine and bovine nematodes in Chile7,8, as well as testing the effects of bioactive forages as 
complementary parasite control strategy in cattle9. In addition, he conducted investigations 
on the fertility and viability of hydatid cysts of Echinococcus granulosus in cattle10 and on the 
environmental contamination with Toxocara canis eggs.

For almost 40 years, the didactic and engaging teaching classes of Prof. Sievers cap-
tivated the attention of many generations of veterinary students, often combining the 

1 Sievers G. 1973. Methode zur Gewinnung von III. Strongylidenlarven aus dem Weidegras. Diss. Dr. med. vet., Tierärztliche Hochschule Hannover
2 Sievers G. 1982. Epizootiología de las trichostrongilidosis de los terneros en Chile. En: VIII Jornadas Médico-Veterinarias, 26-28 de agosto de 1982, Valdivia, Chile, 93-112
3 Sievers G et al. 1998. Annual variation in the distribution of bovine trichostrongyle infective larvaeon pasture grass in Valdivia, Chile. Arch. med. vet. 30 (1), 47-54
4 Sievers G et al. 2002. Annual study of the of egg and oocyst outputs of gastrointestinal parasites and lungworm larvae in a sheep station of Magallanes, Chile. Arch. med. vet. 34 (1), 37-47
5 Sievers G and Weber, B. 2005. Egg laying period of Gasterophilus nasalis and G. intestinalis on horses. 8th Region, Chile. Arch. med. vet. 37 (2), 169-172
6 Sievers G et al. 1996. The effect of the isopod parasite Ceratothoa gaudichaudii on the body weight of farmed Salmo salar in southern Chile. Aquaculture 143, 1-6
7 Sievers G and Alocilla A. 2007. Anthelminthic resistance of bovine nematodes against ivermectin in two farms of the south of Chile. Arch. med. vet. 39 (1), 67-69
8 von Samson-Himmelstjerna et al. 2002. Comparative use of faecal egg count reduction test, egg hatch assay and beta-tubulin codon 200 genotyping in small strongyles (Cyathostominae) 
before and after benzimidazole treatment. Vet. Parasitol. 108, 227-235
9 Sievers G and Nannig S. 2006. Effect of the supplementary feeding with Plantago lanceolata on the egg output of gastrointestinal nematodes in calves. Arch. med. vet. 38 (3), 233-238
10 Muñoz JP and Sievers G. 2005. Study of the fertility and viability of bovine hydatid cysts in Chile. Parasitol. Latinoam. 60, 69-73
11 Sievers G. 2022. Parasitosis del Bovino: Epidemiología y Posibilidades de Control. Valdivia
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explanation of the sophisticated parasites’ life cycles with related (classical) musical pieces. 
In parallel to his academic activities, Prof. Sievers was a regular guest speaker on parasite 
control for veterinarians and livestock producers, always very keen to translate scientific 
findings to the end users, giving more than 140 talks to different audiences between San-
tiago and Punta Arenas. 

Prof. Sievers published his works in 40 scientific articles in indexed journals, several of 
these in the predecessor of this Journal (Archivos de Medicina Veterinaria), and as super-
visor of more than 80 undergraduate theses and postgraduate dissertations. He presented 
his research at many international and national scientific conferences, including presenta-
tions at the International Congresses of the World Association for the Advancement of 
Veterinary Parasitology (WAAVP), at the Chilean Society of Parasitology (SOCHIPA) and in 
the symposiums of the Rioplatense Meeting of Veterinary Endoparasitologists with experts 
from Argentina, Uruguay, Brazil and Chile. He was a member of the Colegio Médico Veteri-
nario of Chile (1969–2009) and of SOCHIPA (1977–2009), which awarded him a recognition 
for his work in 2004. 

After his retirement from the UACh, Prof. Sievers remained active as supervisor of vet-
erinary theses and as an independent scientific consultant, always developing innovative 
methods for his new research studies, and in 2022 published a book for veterinary practi-
tioners summarising his knowledge on the epidemiology and control of cattle parasites in 
Chile11. He died in Valdivia on August 22, 2023. He will be remembered as a man devoted 
to his family and to his friends, as a dedicated and passionate teacher, supervisor and vet-
erinary parasitologist with ceaseless scientific curiosity, and as an example of consequence, 
modesty and intellectual honesty. 

Dr. med. vet. Gerold Sievers Prekehr
(1943–2023).
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INTRODUCTION

The common degu (Octodon degus), a caviomorph ro-
dent endemic to Central Chile, has several characteristics 
that make it an exciting animal model. Degu has interesting 
life-history traits, including being long-lived (under labora-
tory conditions, ~ 8 years), having large litters, and giving 
birth to precocial pups (Rojas et al., 1982). Degu is a social 
breeder in which females share nests and offspring care, in-
cluding nursing, for both their own and unrelated offspring 
(Ebensperger et al., 2004). Male degu can also provide off-
spring care (Ebensperger et al., 2010; Aspillaga-Cid et al., 
2021). Degu has been widely used in laboratory experiments 
because it can be easily acclimatized to laboratory condi-
tions (Weir, 1970; 1974), making it the most studied native 
Chilean species (Labra et al., 2021). Additionally, degu is an 
excellent model for biomedical research; degus has been 
used in studies of diabetes (Wright & Kern, 1992), amy-
loidosis (Nishi & Steiner, 1990), Alzheimer’s disease (Cas-
tro-Fuentes & Socas-Pérez, 2012), and aging (Cuenca-Ber-
mejo et al., 2020). Finally, degu is common as a pet and zoo 
in Europe and the USA (Jekl et al., 2010). 

Due to the prevalence of degu living in captivity (hous-
es, zoos, and research colonies), it is possible to find sev-
eral studies that provide varied information relative to 
degu housing (Palacios & Lee, 2013), nutrition and behav-

ior (Gutiérrez & Bozinovic, 1998; Edwards, 2009), disease 
diagnosis and treatment (Richardson, 2003; Jekl et al., 2010), 
and reproductive management and breeding (Palacios & 
Lee, 2013). However, only two studies have provided rele-
vant information regarding the reproductive management 
of degu. The first study (Malbrue et al., 2019) assessed two 
orchiectomy techniques (pre-scrotal open technique vs. 
scrotal open technique) and one ovariectomy technique 
(bilateral technique). The second study corresponds to 
a case report of pregnancy failure, which concluded with 
the extraction of two dead fetuses and the uterus from a 
very young (3-month-old) female (Mancinelli et al., 2013). 
To date, studies relevant to female reproductive manage-
ment such as ovariohysterectomy (OVH) and cesarean sec-
tion (CS) are not available in the literature. Studying and 
describing these procedures is essential for implementing 
efficient reproductive management programs in captive 
settings such as research colonies, zoo colonies, breeding 
programs, and pet trade (Malbrue et al., 2019). Procedures 
such as OVH and CS have been described in other rodent 
species including hamsters (Fleischman, 1981), rats (Redo-
bre, 2002), guinea pigs (Richardson & Flecknell, 2006; Prior, 
1986; Jones, 1990), gerbils (Mighell & Baker, 1990) and rab-
bits (Richardson & Flecknell, 2006). These reports concluded 
that there are four critical aspects to consider during OVH 
and CS procedures: i) respiratory compromise due to pres-
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ABSTRACT. The common degu (Octodon degus) is a trendy rodent pet in Europe and the USA, but is also widely used 
in scientific research. Information about degu housing, nutrition, behavior, disease diagnosis, and disease treatment is 
abundant in scientific literature. However, information on reproductive management, such as cesarean section, ovario-
hysterectomy, ovariectomy, and orchiectomy, is scarce and anecdotal. Our general objective was to develop a protocol 
for cesarean section and ovariohysterectomy for degus. Our results indicated that cesarean post-surgical survival was 
100% for mothers and 97% for offspring, while ovariohysterectomy female postsurgical survival was 100%. Cesarean 
surgeries lasted an average of 61.82 min, while ovariohysterectomies lasted an average of 32.65 min. The initial recovery 
times for cesarean sections and ovariohysterectomies were an average of 8.18 and 5.53 min, respectively. The full recov-
ery time for cesarean section was an average of 50.18 min, whereas that for ovariohysterectomies was an average of 15.38 
min. These results suggest that both protocols are viable for use in veterinary clinics that use mid-level equipment. We 
discuss our results with data from other rodent species and rabbits and with orchiectomy and ovariectomy procedures 
practiced in degu. Finally, we discuss in detail four critical considerations for cesarean and ovariohysterectomy surgeries 
performed on small mammals such as degu.
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sure of the visceral organs on the diaphragm, ii) difficulty in 
maintaining proper body temperature during the procedure 
due to decreased thermoregulatory ability under anesthesia, 
exacerbated by incision of the abdominal cavity and small 
body size, iii) suture dehiscence due to gnawing behavior, 
and iv) cessation or decreased motility of the small intestine 
(paralytic ileus) as a consequence of abdominal pain (Redo-
bre, 2002; Richardson & Flecknell, 2006; Malbrue et al., 2019). 
Degu is a caviomorph rodent; thus, the chinchilla and guinea 
pig protocols have also been used for degu. However, degus 
is much smaller (170–250 g) (Ebensperger et al., 2004) than 
chinchillas (400–600 g) (Richardson, 2003) and guinea pigs 
(700–1100 g) (Terril & Clemons, 1998), and anesthesia and 
surgery are more complicated due to the difficulty of access-
ing the vascular and respiratory system function and because 
of the rapid loss of heat from such small-sized caviomorph 
rodents (Malbrue et al., 2019). 

Relevant reproductive aspects of degus
Degu is a small-to medium-sized (ranging from 170 to 

250 g) diurnal rodent that inhabits scrubland areas of arid 
central Chile (Ebensperger et al., 2004). Sexual maturity in 
degus occurs ~6 months after birth but can occur as early as 2 
months or as late as 9 months of age (Rojas et al., 1982), with 
the primary mating season occurring during the late austral 
fall (June). Occasionally, degus undergoes a second breeding 
event as a result of post-partum estrus, with birth during late 
December and lactation extending through January (Eben-
sperger et al., 2013). After a gestation period of 87 ± 3 days 
(Rojas et al., 1982), females give birth an average of 3.42 ± 2.71 
(SD) offspring, with a range of 0–10 offspring (Ebensperg-
er et al., 2019). Degus has a chorioallantoic placenta (Mess, 
2007), which corresponds to a haemomonochorial structure 
(Kanashiro et al., 2009). Degus has a long pregnancy period in 
rodents, likely because it produces precocial offspring (Long 
& Ebensperger, 2010). Offspring are born with open eyes and 
ears, well-developed incisors, an entire body covered with 
hair, long and stained nails, and large vibrissae (Reynolds & 
Wright, 1979; Rojas et al., 1982; Jekl et al., 2010). Lactation is 
relatively short, lasting for approximately 30 days, and cor-
responds to the most energetically demanding life-history 
stage for degu dams (Veloso & Bozinovic, 2000). In captivity, 
degus can live for 7 to 10 years (Edwards, 2009), females re-
produce for four years, and males remain fertile until death 
(Palacios & Lee, 2013). 

The main objective of this study was to describe a proto-
col for CS and OVH in degus. Our specific objectives were 
to determine: 1) percentage of maternal and neonatal sur-
vival, 2) duration of the procedure, and 3) time to initial and 
full recovery for both procedures. For the duration of both 
procedures, we determined whether surgeon expertise (i.e., 
measured as the order in which procedures were practiced, 
first last) and, in the case of CS, the size of the litter could 
be associated with the procedure duration. In addition, we 
provided descriptive data related to the reproductive traits 
of degu. Finally, based on our experience with degu CS and 

OVH, we discuss the critical points reported in other rodent 
species during CS and OVH.

MATERIAL AND METHODS

Study subjects and animal housing 
The study was conducted between March 2011 and March 

2012. A total of 38 pregnant females were included in the 
study (11 females with CS and 27 with OVH). CS females were 
two years old (born in 2009), and the procedure was per-
formed at their second birth. OVH females were one-year-
old (born in 2010) with one previous birth. To impregnate 
the females, we used two-year-old reproductive males (born 
in 2009) with records of reproductive success. All animals 
were born in captivity at the Universidad Austral de Chile 
(UACh) animal colony. The parents of these individuals were 
obtained from the animal colony of the Pontificia Universi-
dad Católica de Chile (PUC) and corresponded to the third 
generation of captive animals born from wild specimens 
captured in Rinconada de Maipú, Chile (33˚23’S, 70˚31’W) in 
2006. Each individual was maintained in a standard polycar-
bonate transparent rat box (45 × 23 × 21 cm) with hardwood 
chip bedding, water, and food (Cisternas® commercial rabbit 
pellets) provided ad libitum. The animals were provided with 
sticks, cardboard, and wood to gnaw. The vivarium room had 
an active ventilation system and an artificial photoperiod of 
12:12 hour light-dark. The Ambient temperature and humid-
ity were maintained at 18 ± 2 °C and 49% ± 3%, respectively. 

Cesarean context
CS surgeries were performed in a behavioral ecology 

study (Correa, 2012), the objective of which was to deter-
mine whether intrauterine position (the position in utero 
occupied by each pup) relative to male siblings was related 
to differential exposure to androgens (for details, see Cor-
rea et al., 2013; Correa et al., 2016). CS was performed one 
day before the estimated parturition date (mean pregnancy 
period of 87 days from visible sperm plugs) (Rojas et al., 
1982). 

Cesarean surgery protocol
Pre-surgical management. We did not apply pre-surgical 

fasting, as we wanted to avoid hypoglycemia, and vomiting 
and regurgitation are unlikely in rodents (Redobre, 2002; 
Richardson & Flecknell, 2006). One hour before surgery, 
we treated the females with analgesics (tramadol 2 mg/kg 
of body weight, SC Tramadol Clorhidrato®, Sanderson Lab, 
Santiago, Chile) and fluids (10 ml 0.9% NaCl, SC) to reduce 
pain and improve hemodynamics (Redobre, 2002; Richard-
son, 2003). 

Surgical procedure. Anesthetic induction was performed 
in an induction chamber (plastic box) with an oxygen flow 
of 1 L/min, and the initial percentage of isoflurane (Isoflu-
orano USP®, Baxter Lab Santiago, Chile) of 2% gradually 
rising to 4% during the first minute. Once the animal was 
unconscious, it was removed from the chamber and placed 



in a stretcher. Anesthesia was continued using an inhalation 
anesthesia machine (Surgivet/Anesco; model 100) and a face 
mask (non-rebreathing system Mapleson type B) specially 
designed to decrease nose size (a plastic perfume bottle cut 
and padded with gauze in the area in contact with the face). 
Anesthesia was maintained with an oxygen flux of 0.6 liter/
min and 3% isoflurane throughout the surgical procedure. 

To assess the depth of anesthesia, we squeezed the skin-
fold between the toes. Forceps were used to tighten the 
skin folds. If the animal did not move its leg, the absence of 
deep pain and the existence of a deep plane of anesthesia 
were assumed. Once anesthetized, we positioned the ani-
mal in dorsal recumbency, with the head and thorax raised 
at 45° to reduce visceral pressure (degus has a well-devel-
oped cecum) on the thorax and promote pulmonary venti-
lation (Redobre, 2002; Mancinelli et al., 2013). The arms and 
legs were maintained in a stretched position by using cot-
ton ropes tied to a stretcher. After applying an ophthalmic 
ointment to maintain eye hydration, we covered the eyes 
of each female with a cotton hood (made by cutting the top 
of a baby sock), but left the nostrils exposed. Each female 
was placed in a slightly warm seed bag throughout surgery. 
Each degu was supported by seed bags that were placed on 
either side of the body. Only the degu head was left with-

out moderate heat supply. The abdomen of the female was 
shaved with an electric razor and the skin was disinfected 
with iodinated alcohol (70%). 

We initiated surgery with an abdominal midline lap-
arotomy on the white line, exposing the gravid uterine 
horns one at a time (Figure 1). The pups were removed 
from the uterus one at a time, from the ovarian end to the 
cervical extreme of the uterine horn, starting with a horn 
with fewer pups. Using tissue scissors, we opened the fetal 
membranes and removed the pups by tearing the umbil-
ical cord. Immediately after each pup was removed from 
the uterus, a second surgeon assisted the newborn by 
wiping the oronasal superficial secretions with soft gauze, 
gently shaking in short, up-and-down motions with the 
pup’s head pointing downwards to eliminate nasal fluids, 
gently drying the pup’s coat with a paper towel, and finally 
disinfecting and cauterizing the umbilical cord with a cot-
ton swab soaked in a 10% iodine solution. Newborns were 
then placed in a box with bedding 60 cm beneath a red 
heat lamp. Female degus allonurse and provide maternal 
care indiscriminately to biological and foreign offspring 
(Ebensperger et al., 2006), thus we placed newborn pups 
with a second lactating female until the mother recovered 
from anesthesia. 

Figure 1. Gravid uterus of degu, exposed during a cesarean surgery. In addition to the cervix, the right horn and 
left horn of the uterus are indicated.



During surgery, we administered slightly warm and ster-
ile intraperitoneal fluid (10 ml sterile 0.9% NaCl) to improve 
hydration and maintain abdominal visceral moisture (Redo-
bre, 2002; Richardson, 2003). This procedure was repeated 
three times (total, 30 ml), with 20 minutes between each in-
fusion period. After the removal of the pups, the uterus and 
ovaries were removed from the ovarian end to the cervix. 
Ligation of the uterine and ovarian stumps was performed 
with polyglycolic acid (Vycril®) 3-0, following the recom-
mendations (Redobre, 2002; Richardson & Flecknell, 2006). 
Polyglycolic acid (Vycril®) 3-0 was also used for peritoneum 
and muscle sutures. We performed a discontinuous skin su-
ture using nylon 3-0 attached to 23G needles. Anesthesia 
was closed when the skin suture was started. After finishing 
the skin sutures, the females remained on the face mask and 
received oxygen for 5–10 minutes (depending on the laten-
cy to wake up). Finally, the sutures were disinfected with 
iodinated alcohol (70%). Surgeries were performed by well-
trained veterinarians (A.E, O.A.A, L.A.C) at the minor sur-
gical pavilion of the Veterinary Teaching Hospital Facilities, 
Faculty of Veterinary Sciences, Universidad Austral de Chile. 

Post-surgical management. Once the females woke up 
from the anesthesia, they were allocated to the same box 
with their litter and the nursing female. Wood chip bed-
ding was used with pieces of tissue paper in each corner to 
provide a comfortable nest (Richardson & Flecknell, 2006). 
Once the two nursing females were together with the litter, 
a red heat lamp was placed 80 cm above the box to provide 
a warm environment (Richardson, 2003). The family was 
kept under a red heat lamp for one night, and the mother 
was offered an isotonic hydrating solution (Gatorade®) and 
palatable food (sunflower seeds and crushed oats) to en-
courage gut motility (Richardson & Flecknell, 2006). After 
surgery, all females were injected with an antibiotic (enro-
floxacin, 5 mg/kg, SC Baytril®, Bayer Lab, Santiago, Chile) 
(Richardson, 2003), anti-inflammatory (ketoprofen 2 mg/
kg, SC, Ketofen®, Merial Lab, Santiago, Chile), and analge-
sic (tramadol at the same dose as before surgery) every 12 
hours for five days. Analgesics, anti-inflammatory drugs, and 
antibiotics were administered during the post-operative 
stage, as CS corresponds to invasive surgery that requires 
postoperative pain management and infection control, giv-
en the opening of the abdominal cavity. Postoperative pain 
was monitored for five days, during which analgesics and 
anti-inflammatory drugs were administered. The pain as-
sessment was qualitative and involved analysis of the pres-
ence or absence of the following behaviors and postures: i) 
anorexia, ii) hunched posture, iii) bristly fur, iv) contraction 
of the abdominal muscles, which are indicative of discom-
fort and pain in rodents and rabbits (Richardson & Flecknell, 
2006), and v) ocular secretions with a milky appearance that 
corresponds to a specific sign of stress and discomfort in 
degus (Correa, personal communication, March, 2012). The 
suture line was monitored and disinfected once daily with 
iodinated alcohol (70%). While suture dehiscence due to 
gnawing can be an issue in rodents, we did not see any ev-

idence of this in degus; therefore, we did not use soft Eliz-
abethan collars made of cloth (Redobre, 2002; Richardson 
& Flecknell, 2006). The nylon suture was removed six days 
(range, 5–7 days) after surgery. One person gently restrict-
ed the female, while the other removed the suture by using 
blunt scissors. However, chemical sedation is not required. 
Females and pups were monitored daily for the first 10 days 
and twice at night during the first two days after surgery. 
The substitute mother remained in the group until three 
days after surgery. Various food items, including fruits, hon-
ey cereals, sunflower seeds, crushed oats, and both rat and 
rabbit pellets, were offered during the post-surgical period.

Ovariohysterectomy context
OVH surgeries were performed as part of a behavioral 

ecology study (Correa, 2012), in which the objective was 
to evaluate whether intrauterine position determines lit-
ter traits in adulthood, including the size of the litter (see 
Correa et al., 2016). For this purpose, we needed to know 
if there was reabsorption of embryos in the uterus, which 
can be evaluated by counting the scars that remain on the 
uterine mucosa, indicating failed implantation in first-time 
mothers (Krackow, 1992; Zielinski et al., 1992). A total of 27 
OVH surgeries were performed, in which we removed the 
uterus and ovaries of one year-old females after their first 
pregnancy and birth. After a typical gestation, parturition, 
and lactation period, the pups were weaned at 49 d of age. 
Females were then separated from their pups and left alone 
for ~41 days with ad libitum food and water, which allowed 
them to recover from reproductive processes. OVH surgery 
was performed at 90 days postpartum.

Ovariohysterectomy surgical procedure
Pre-surgical management. Females were treated with an 

analgesic (tramadol 2 mg/kg, SC) 1 h before surgery. The 
protocols for anesthetic induction, anesthesia, positioning 
of the degus on the surgical bed, and thermoregulatory 
variables were the same as those used for the CS procedure 
described above.  

Surgical procedure. Skin preparation was identical to that 
for CS, but the abdominal midline incision was shorter (~1.5 
cm). The small intestine was then gently displaced to expose 
the cervix. Once the cervix was identified, bifurcation of the 
horns was followed to reach the ovary. Uterine and ovarian 
stump ligations were performed as outlined in the CS pro-
tocol. Once the ovaries and uterus were removed, slightly 
warm and sterile saline fluid was administered intraperito-
neally (5 ml 0.9% NaCl). A second dose of intraperitoneal 
fluid (5 ml 0.9% NaCl) was administered immediately before 
the last stitch to close the peritoneum and muscle. Perito-
neal, muscular, and skin sutures were applied as described 
for CS. Recovery and postprocedural management were 
identical to those of CS. Similarly, OVH surgeries were per-
formed by the same professionals and at the same facilities 
as the CS surgeries. During recovery, females were housed 
in standard rat boxes with the same bedding material as 



in the CS protocol. In this study, we did not use red heat 
lamps because the females were housed in a room with a 
controlled temperature of 18–22°C. Once the females were 
fully awake, they were offered an isotonic hydrating solu-
tion (Gatorade®) to drink and palatable food (honey cereals, 
sunflower seeds, crushed oats, apple pieces, and rat pellets).
 
Procedure Durations, Recovery Times, And Survival Of 
Mothers And Pups

The duration of CS and OVH was defined as the time be-
tween the first abdominal incision and when the female was 
rotated from dorsal to ventral recumbency for post-surgi-
cal recovery (Malbrue et al., 2019). The initial recovery time 
was defined as the time between ventral recumbency and 
the first leg movement. Full recovery time was defined as 
the time between the first leg movement and when the 
female was able to stand and walk in a coordinated manner. 
Neonatal and maternal survival were determined at two 
time points: i) once the CS and OVH were over, and ii) at 
weaning. These data are presented as percentages ((number 
of individuals surviving/total number of pups per litter) × 
100). Finally, for CS, we determined i) the litter size, ii) male 
percentage of the litter, iii) female percentage of the litter, 
iv) number of pups per uterine horn, v) pup body weight, 
vi) litter weight, and vii) maternal reproductive investment 
(MRI). MRI was calculated as (((litter weight at birth + uterus 
and membrane weight)/maternal weight before CS) × 100). 
As the CS procedure provided data on the intrauterine po-
sition (IUP) of each pup, we analyzed whether the IUP (cra-
nial end, middle on, and caudal end of the uterine horn) is 
associated with the body weight of the pups.

Statistical analyses
We conducted descriptive statistical analyses for i) CS du-

ration correlated with litter size, ii) CS duration correlated 
with the order in which different CS were performed (i.e., 
the last CS surgery was significantly shorter than the first CS 
surgery), and iii) OVH duration correlated with the order in 
which different OVHs were performed. For these determi-
nations, we conducted a Spearman’s correlation analysis. To 
analyze the potential effect of IUP on pup body weight, we 
performed a one-way ANOVA, with IUP (cranial end, middle, 
and caudal end) as the independent variable and pup body 
weight as the dependent variable. Before carrying out a one-
way ANOVA, we confirmed that the dependent variable had 
a normal distribution using the Kolmogorov-Smirnov test. 
Tukey’s test was used for a posteriori analyses. Statistical 
analyses were performed using STATISTICA 7 software (Stat-
Soft). All data are reported as mean ± SD. 

RESULTS

Maternal and pup survival rates
For the CS surgeries, we measured 83 pups distributed 

across 11 litters. All pups were extracted alive from the uter-
us, except for one mummified pup, which probably died be-

cause of umbilical cord compression (Figure 2b). At the end 
of CS, the maternal and neonatal survival rates were 100% 
and 97.3%, respectively. Of the 83 pups born by CS, three 
died shortly after being extracted. These three pups came 
from two large litters (mother 161, one male pup dead, litter 
size 10; female 612, two male pups dead, litter size 10). All 
three pups that did not survive showed signs of delayed 
development. The pups remained with their mothers until 
natural weaning (~49 days), and no pups died during the lac-
tation stage; thus, the mother and pup survival at weaning 
was 100%. Relative to OVHs, maternal survival was 100%.

Procedure duration
The CS procedures took, on average, 61.82 ± 8.62 min. 

The fastest CS surgery lasted 51 min, while the slowest CS 
surgery took 79 min (n= 11, Table 1). CS duration and lit-
ter size were positively correlated (Spearman correlation= 
0.92, P<0.05), CS duration was not correlated with the order 
in which different CS surgeries were performed (Spearman 
correlation= –0.33, P>0.05). The OVH procedures had an av-
erage duration of 32.89 ± 4.26 min. The fastest OVH lasted 
26 min, whereas the slowest lasted 42 min (n= 27; Table 2). In 
this case, OVH duration and order were negatively correlat-
ed (Spearman correlation= -0.39, P<0.05), such that early 
OVH surgeries were generally performed more slowly than 
later OVH surgeries.

Times to initial and full recovery
The average time to initial recovery for CS surgeries was 

8.18 ± 2.79 min with a range of 4–13 min (n=11). The average 
full recovery time was 50.18 ± 41.00 min. The high variability 
observed in this variable was associated with one female 
patient (612), who presented with a full recovery time of 
171 min. When excluding this extreme value, the time to 
full recovery was 38.10 ± 9.13 min with a range of 21–52 min 
(Table 1, n=10). For OVH surgeries, the average time to ini-
tial recovery was 5.59 ± 2.08 min with a range of 2–10 min 
(n=27). The average time to full recovery was 15.11 ± 5.82 
min, with a range of 7–27 min (Table 2, n=27). 

Descriptive data relative to reproductive traits 
For CS surgeries, the average litter size was 7.55 ± 1.63 

(ranging 5–10 pups, n=11). The average percentage of males 
per litter was 53.8 ± 20.8% (33.3-100%), whereas the average 
percentage of females per litter was 46.2 ± 20.8% (0-66.7%). 
Left uterine horns had 3.90 ± 1.44 pups (ranging 1–6, n=11), 
whereas right uterine horns had 3.63 ± 1.28 pups (ranging 
2–6, n=11). Thus, the pups were homogeneously distributed 
between the horns. Details of each litter type are presented 
in Table 3. The average pup body weight at CS was 10.19 
± 1.14 g (ranging from 8.20–12.40 g, n= 83). while average 
litter weight was 75.90 ± 13.53 g (ranging 58.00–106.40 g, 
n=11). The average maternal reproductive investment was 
26.6 ± 3.6% (20.8–32.3). Details of the reproductive invest-
ment of each female are presented in Table 4. The results 
of one-way ANOVA indicated that IUP use was associated 



with pup body weight (ANOVA, F (2.80) = 5.376, p= 0.006). 
Tukey’s posteriori analysis showed that pups located at the 
cervical end of the uterine horn were heavier (mean, 10.784 
g) than those located in the middle (mean, 9.581 g) of the 
uterine horn (Figure 3). 

DISCUSSION

In this study, we outlined the detailed protocols for CS 
and OVH surgeries in degus, including pre-surgical, surgical, 
and post-surgical management. These details expand on pre-
viously reported orchiectomy, ovariectomy, and OVH proce-
dures in degus (Mancinelli et al., 2013; Malbrue et al., 2019). 
Compared with the available information from other rodent 
and rabbit species (Redobre, 2002; Richardson & Flecknell, 
2006), our protocols differed in four major aspects. First, we 
did not consider the intravenous route for the administration 
of fluids and drugs because degus are too small, and rodent 
cannulation techniques (caudal and jugular veins) are unreli-
able (Redobre, 2002; Richardson & Flecknell, 2006). Degus 
has a very short neck and caudal skin autotomy (sponta-
neous tail self-mutilation as an anti-predator strategy) occurs 
when the tail is manipulated (Shargal et al., 1999). Intravenous 
routes have also not been used in orchiectomy, ovariecto-
my, or OVH procedures performed in degus (Mancinelli et 
al., 2013; Malbrue et al., 2019). Second, we used a face mask 
instead of an endotracheal tube to maintain anesthesia, as 
recommended in the anesthetic protocol for other rodent 
species (Redobre, 2002; Richardson & Flecknell, 2006). Main-
tenance of anesthesia by mask was the chosen methodology 
for orchiectomy, ovariectomy, and OVH procedures previ-

ously performed in degus (Mancinelli et al., 2013; Malbrue et 
al., 2019). Third, we used tramadol to provide analgesia, al-
though it has not been used in previous degu orchiectomy, 
ovariectomy, or OVH procedures (Mancinelli et al., 2013; Mal-
brue et al., 2019). Mancinelli et al. (2013) used buprenorphine 
to provide analgesia for OVH procedures, whereas Malbrue 
et al. (2019) used butorphanol tartrate for analgesia during 
orchiectomy and ovariectomy surgeries in degus. Our results 
indicate that tramadol is an effective analgesic in degus, as 
we did not observe any evidence of post-surgical acute pain, 
such as anorexia, hunched posture, bristly fur, contraction 
of the abdominal muscles (Richardson & Flecknell, 2006), or 
ocular secretions with a milky appearance (Correa, personal 
communication, March 2012). Degu mothers also displayed 
normal post-partum behaviors including eating, drinking, 
and nursing. Although tramadol is not the first choice of an-
algesic in other small mammals such as rabbits (Hedenqvist, 
2008), our results suggest that this drug could be an effective 
analgesic for degus. Fourth, nylon was used for skin sutures 
instead of skin staples, as recommended for rodents and rab-
bits to decrease suture dehiscence from gnawing (Redobre, 
2002; Richardson & Flecknell, 2006). However, in previously 
reported OVH, orchiectomy, and ovariectomy procedures in 
degus, the skin was closed with sutures and sometimes with 
surgical glue as a second barrier to close the skin (Mancinelli 
et al., 2013; Malbrue et al., 2019). No suture dehiscence was 
observed among the OVH (n=27), and CS (n=11) surgeries 
performed in this study, as Mancinelli et al. (2013) and Mal-
brue et al. (2019) also did not detect suture dehiscence during 
their surgical procedures. We observed that mothers licked 
but did not gnaw the stitches, and that pups suckled without 

Table 1. Descriptive data regarding surgery duration and times to initial and full wake up from cesarean surgeries in female degus. 

Mother ID Order Litter size
Cesarean dura-

tion (min)
Time to initial 
recovery (min)

Time to full 
recovery (min)

56 1 9 71 11 44

61 2 7 61 9 33

161 3 10 79 11 52

246 4 7 60 4 21

841 5 5 51 9 35

10A 6 6 55 8 41

811 7 7 57 6 37

612 8 10 72 13 171

H40 9 8 59 5 49

827 10 6 54 8 39

427 11 8 61 6 30

Average 7.55 61.82 8.8 50.18

Standard
deviation

 1.63 8.62 2.79 41.00



Table 2. Descriptive data regarding surgery duration and times to initial and full wake up from ovariohysterectomy surgeries 
in female degus.  

Mother ID Order OVH
OVH duration 

(min)
Time to initial 
recovery (min)

Time to full 
recovery (min)

368 1 39 7 8

415 2 35 5 13

Short tail 3 37 5 25

417 4 42 7 15

405 5 41 7 26

447 6 38 6 7

424 7 32 3 11

370 8 29 4 11

418 9 35 4 21

411 10 27 6 9

324 11 32 8 13

427 12 29 2 9

421 13 32 5 19

429 14 28 6 10

305 15 35 4 16

61A 16 33 10 27

61B 17 28 5 21

848 18 31 5 12

White ear 19 29 2 9

446 20 28 8 17

401 21 36 3 10

404 22 26 7 22

428 23 34 4 11

448 24 31 10 14

437 25 36 7 16

H5 26 33 6 21

506 27 32 5 15

Average 32.89 5.59 15.11

Standard
deviation

4.26 2.08 5.82

any problem or interest in the stitches. Therefore, we suggest 
that good surgical techniques and gentle tissue handling are 
sufficient for preventing suture dehiscence. 

Additionally, in comparison to our CS and OVH protocols, 
previous OVH, orchiectomy, and ovariectomy procedures in 
degus: i) used sevofluoerane as an anesthetic (Mancinelli et 
al., 2013), ii) used a subcutaneous route to hydration during 
surgery (Mancinelli et al., 2013; Malbrue et al., 2019), iii) admin-

istered local anesthetic blocks (Malbrue et al., 2019), iv) per-
manently controlled degu body temperature (Mancinelli et 
al., 2013; Malbrue et al., 2019), v) used meloxicam to manage 
inflammation (Mancinelli et al., 2013; Malbrue et al., 2019), vi) 
did not use antibiotics during pre-surgical, surgical, or post-
surgical management (Malbrue et al., 2019), and vii) had prob-
lems finding ovaries during ovariectomy via the flank, likely 
as consequence of the high volume and surface area of degu 



Mother ID Litter size
Male/female 

pups ratio
Male pup per-

centage
Female pup 
percentage

 N° of pups in 
left horn

 N° of pups in 
right horn

56 9 3/6 33.3 66.7 6 3

61 7 4/3 57.1 42.9 1 6

161 10 4/6 40 60 5 5

246 7 5/2 71.4 28.6 5 2

841 5 3/2 60 40 3 2

10A 6 2/4 33.3 66.7 3 3

811 7 3/4 42.9 57.1 3 4

612 10 7/3 70 30 5 5

H40 8 4/4 50 50 5 3

827 6 2/4 33.3 66.7 3 3

427 8 8/0 100 0 4 4

Average 7.55 53.75 46.25 3.91 3.64

Standard
deviation

1.63   20.83 20.83 1.45 1.29

Table 4. . Descriptive data regarding degu litter weight and maternal reproductive investment. Maternal repro-
ductive investment was calculated as ((litter weight at birth + uterus and membranes weight)/maternal weight 
before CS) x 100.

Mother ID
Female body 

weight (g) be-
fore cesarean 

Female body 
weight (g) after 

cesarean 

Uterus weight 
(g)

Maternal 
Reproductive 

investment (%)

Litter weight 
(g) at birth

 Mean offspring 
body weight 
(g) at birth

56 373.9 264.2 15.5 25.1 78.3 8.7

61 372 232.7 17.1 25.5 77.7 11.1

161 360.7 273.8 15 26.8 81.7 8.2

246 383 246.3 14.5 21.6 68.2 9.7

841 393.5 297.3 20.2 20.8 61.8 12.4

10A 301.4 217.9 15.4 24.4 58 9.7

811 279.5 199.2 10.4 29.7 72.7 10.4

612 380.5 187.8 16.4 32.3 106.4 10.6

H40 358.4 260.2 16.3 28.6 86.1 10.8

827 291.5 204.6 14.2 26.8 63.8 10.6

427 307.6 194.2 15.3 31.1 80.3 10

Average 345.64 234.38 15.48 26.61 75.91 10.20

Standard
deviation

41.83 36.60 2.35 3.65 13.53 1.15

Table 3. Descriptive data of degu litters obtained by cesarean section.



intestines (Malbrue et al., 2019). However, similar to Manci-
nelli et al. (2013) and Malbbrue et al. (2019), we also utilized 
heat sources throughout the entire surgery to maintain degu 
body temperature (Mancinelli et al., 2013; Malbrue et al., 2019) 
and administered analgesic and anti-inflammatory medica-
tions during the pre-and post-operative stages (Mancinelli et 
al., 2013). Finally, similar to Mancinelli et al. (2013), we posi-
tioned the degus with the thorax elevated during the surgical 
steps, which required them to lie on their backs. 

As our first objective was to report survival rates re-
lated to our surgical protocols, our protocols resulted in 
high maternal and neonatal survival rates (100% and 97.3%, 
respectively). As reported in the Results section, the three 
mortality events corresponded to underdeveloped indi-
viduals within a very large litter. The asymmetry of devel-
opment in the littermates of recently born degu pups is a 
common phenomenon (Rojas et al., 1982) (Figure 2c), which 
is also observed in guinea pigs, which are the closest related 
domestic species to degus (Scott, 1937). 

Our results indicated that individuals in the middle of the 
uterine horns were lighter than those in the cervical ends of 
the uterine horns (Figure 2a,c, and Figure 3). Individuals in 
the ovarian ends of the uterine horns had an intermediate 
body weight but were not statistically different from those 
in the middle and cervical ends of the uterine horns. This 
pattern has been previously described in domestic pigs (Dzi-
uk, 1992), European rabbits (Bautista et al., 2015) and Sprague 
Dawley laboratory rats (D´Errico et al., 2021), but in different 
ways than in degus. In Sprague-Dawley rats, individuals in the 
middle of the horn were lighter than those in the cervical 
and ovarian ends, and the horn (left, right) also affected in-
dividual body weight, with the lightest individuals located in 
the middle of the left horn (D´Errico et al., 2021). In domestic 
pigs, individuals in the ovarian end are heavier than those in 
the middle or cervical end of the uterine horns (Dziuk, 1992), 
whereas in European rabbits, individuals located at both ends 
of the uterine horns are heavier than those in the middle 
(Bautista et al., 2015). 

From these studies and our results, only one pattern 
emerged: the individuals located in the middle of the uter-
ine horns were light. Dziuk (1992) suggested that lower body 
weight in these individuals could be a consequence of high 
fetal density, leading to less space for growth, while Bautis-
ta et al. (2015) also suggested that differences in pup body 
weight, depending on the IUP, could be a consequence of 
differences in vascular supply and placental efficiency. Raz 
et al. (2012) suggested that individuals at both ends of the 
uterine horns receive more blood supply and, therefore, 
more nutrients, having an advantage to grow, which may 
explain our findings. 

The second objective was to calculate the duration of the 
CS and OVH procedures. Our results indicate that these 
average times (CS 61 min and OVH 32 min) are reasonable. 
It is difficult to compare these times with those of similar 
species, as we have only found anecdotal reports of CS and 
OVH in different rodent species (Fleischman, 1981; Prior, 

1986; Jones, 1990; Mighell & Baker, 1990) and rabbit species 
(Richardson & Flecknell, 2006). Therefore, we only can com-
pare our results with the ovariectomy procedure performed 
previously in degus (Malbrue et al., 2019), which reported an 
average duration of 12.56 ± 4.09 min (considering only the 
surgical time) for an ovariectomy using the bilateral flank 
technique. As this duration is shorter than that of our OVH 
protocol via a midline approach, we suggest using the ova-
riectomy protocol from Malbrue et al. (2019) if the objective 
is only to sterilize the females without removing the uterus. 
We observed a positive correlation between the litter size 
and CS duration. The lack of correlation between CS surgery 
order and duration and the negative correlation between 
the order of OVH surgeries and duration suggest that sur-
geon expertise can help decrease OVH, but not CS duration. 
We suggest that these relationships are a consequence of 
OVH being very similar between each degu, whereas CS is 
more variable as female degus vary in litter size. 

Our third objective was to report that the time to ini-
tial and full recovery from anesthesia was relatively short 
in degus (average initial: CS, 8 min; OVH, 5 min; average 
full:38 min; OVH, 15 min). These results are similar to those 
reported by Malbrue et al. (2019), who found that the aver-
age ovariectomy recovery time was 14.14 ±3.12 min. These 
fast recovery times are not surprising as degus, similar to 
other small mammals, exhibit rapid metabolism and drug 
elimination (Zhao et al., 2016). 

Finally, in relation to the reproductive traits of degu, we 
highlight that degu mothers make high maternal invest-
ments. Our results indicated that the summed litter, uterus, 
and membrane weights corresponded to 1/5 to 1/3 of the 
mother’s total body weight. This trait is notable, as close 
caviomorph relatives of degus (chinchillas and guinea pigs) 
generally deliver smaller litters, but with well-developed 
pups (chinchillas average two offspring, ranging 1–4 (Kuroi-
wa & Imamichi, 1977); guinea pigs average two offspring, 
ranging 1–5 (Peaker & Taylor, 1996)). However, degus de-
livers larger litters (average six, range 1–10) (Ebensperger 
et al., 2019), and at the same well-developed pups (Rojas 
et al.,1982), which implies a higher energy expenditure. In 
terms of surgical management, this trait could be relevant 
because removal of 1/5 to 1/3 of female body weight could 
cause acute decompression of abdominal organs, blood 
redistribution, and changes in abdominal pressure. There-
fore, during CS, we administered intraperitoneal fluid three 
times, exposed only one horn at a time, and started pup 
extraction with a uterine horn containing fewer pups.

In conclusion, relative to our four critical points, we used 
previous information to control for i) respiratory compro-
mise, ii) body temperature fluctuations, iii) suture dehis-
cence, and iv) reduced intestinal motility during reproduc-
tive surgery in degus. (Redobre, 2002; Richardson, 2003; 
Richardson & Flecknell, 2006) The individuals included in 
this study did not encounter any of the four critical prob-
lems listed above, and we want to highlight that degu are 
good patients during all stages of the detailed surgeries.



Figure 2. a) Diagram of the uterus of female n°61, which includes the real weights of the offspring extracted by cesarean 
section, the real fetus distribution, and the position in which mummified was located. Males and females are indicated with 
man and woman symbols. b) Photograph of mummified pup with cm scale. c) Example of asymmetry in body size and devel-
opmental levels of degu littermates. The pup on the left side of the photo corresponds to the 12.6 g female that was alone in 
the right horn. The pup on the right side of the photo corresponds to the 9.0 g female that was in fourth position, counting 
from the ovary to the cervix, in the left horn. 

Figure 3. Intrauterine position and pup body weight at cesarean. Letters represent significant differences between groups 
using a Tukey posteriori test with p < 0.05.
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INTRODUCTION

Cystic echinococcosis (CE) is a parasitic zoonotic infec-
tion caused by the larval stage of the cestode Echinococcus 
granulosus sensu lato. This parasite fulfills its biological cycle 
between domestic dogs and some wild canids (definitive 
hosts) and livestock animals (intermediate hosts). Humans 
act as aberrant hosts after the accidental ingestion of par-
asite eggs (Sierra-Ramos & Valderrama-Pomé, 2017). This 
parasite is distributed worldwide and occurs in many parts 
of South America, including Argentina, Peru, Bolivia, Chile, 
Uruguay, and southern Brazil. The Andean localities of the 
central and southern highlands of Peru present conditions 
that enable the maintenance of the biological cycle of the 
parasite, which is endemic for cystic echinococcosis in 
both animals (sheep and cattle) and humans (Sanchez et 
al., 2022). In South America, dogs are the definitive hosts 
with the greatest epidemiological significance (in which 
the strobilar or adult stage develops) (Larrieu et al., 2014). 
Therefore, the diagnosis of E. granulosus infection in dogs 
is very important. This plays a key role in epidemiologi-
cal studies and control programs for cystic echinococcosis 
(Frison de Costas et al., 2014).

Cystic echinococcosis is a neglected disease that mani-
fests in poor and rural populations (Harada et al., 2019), and 
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the main factors that lead to transmission and persistence 
of infection include the close coexistence of animals or 
humans with dogs, poor hygienic-sanitary conditions, cul-
tural customs, and low socioeconomic status. Persistence 
of the biological cycle of E. granulosus is favored by the co-
existence of intermediate and definitive hosts; some hab-
its of the inhabitants of such regions, such as feeding dogs 
with viscera, close contact with dogs, drinking untreated 
water or eating unwashed raw vegetables and fruits, igno-
rance of hygiene rules, and lack of veterinary surveillance 
for deworming of dogs and controlling the slaughter of 
intermediate hosts (Ramírez et al., 2018; Apt et al., 2000; 
Carrión-Ascarza et al., 2021).

In the larval stage of the parasite, hydatid cysts develop 
in the viscera of the host, especially in the lungs and liv-
er of humans and herbivorous animals. This reduces the 
productivity of these animals. Death of an infected her-
bivore or its slaughter for human consumption and re-
lease of infected viscera into the environment completes 
the life cycle of the parasite if dogs have access to infect-
ed organs and eat them. This gives rise to dog-domes-
tic species cycles (Zuñiga-A et al., 1999). Such cycles are 
so common that in some non-endemic areas of Peru, up 
to 6.3% prevalence of echinococcosis is reported among 
dogs that ingest viscera from slaughterhouses, since the 
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animals slaughtered in these facilities may have come from 
endemic areas (Montalvo et al., 2018). One such area is the 
Huancarama district, where an average prevalence of 19% 
in slaughtered animals has been reported (Peña & Valder-
rama, 2022). This situation worsens when slaughterhous-
es in human settlements are small and poorly equipped 
(Khan et al., 2018), thereby becoming sources of infection.

On the other hand, long distances in rural areas may 
preclude the transportation of animals to rural slaughter-
houses in the area. In such situations, slaughter is carried 
out almost exclusively at home and by the owner him-
self (Frison de Costas et al., 2014). However, unsupervised 
slaughter of herbivorous animals constitutes the main 
transmission route for infection in the canine host (Pav-
letic et al., 2017).

Given the significance of this disease with regard to 
public health and the leading role that humans have in 
fulfilling the transmission cycle, it is necessary to under-
stand the social and cultural environment of people af-
fected by cystic echinococcosis and determine the level of 
knowledge that they have in this regard (Khan et al., 2018; 
Ramírez et al., 2018). This can be achieved through surveys. 
Hence, the objective of the present study was to deter-
mine the copro-prevalence of E. granulosus in dogs from 
homes in Huancarama and the factors associated with this 
infection.

MATERIALS AND METHODS

Description of the research ethics setup
The study protocol, which included the interview guide 

and the informed consent statement for the owners of the 
dogs, was approved by the following committees of the 
Universidad Peruana Cayetano Heredia: Institutional Ethics 
Committee for the Use of Animals (Certificate 008-03-21) 
and the Institutional Research Ethics Committee (Certifi-
cate 064-01-21), under the category of expedited review.  
In addition, respondents signed an informed consent state-
ment as a sign of acceptance. The survey was conducted un-
der anonymous conditions, and the respondents’ participa-
tion was voluntary. The District Municipality of Huancarama 
and the National University Micaela Bastidas de Apurímac 
authorized the research to be conducted.

Population and sample
The houses in Huancarama were considered the pop-

ulation units to be analyzed. To establish the number of 
households potentially involved in the research, the 2017 
National Census (XII of Population, VII of Housing, and III 
of Indigenous Communities) (INEI, 2022) was taken into 
account, considering both the urban-rural and rural sec-
tors. In this case, the only village considered to be mar-
ginally urban was Huancarama, which is the capital of the 
district and its most populated area. All dwellings in the 
district were identified and listed. Dwellings were select-
ed through proportional random stratified sampling, con-

sidering each village as a stratum. Thus, it was ensured 
that the number of households surveyed and sampled was 
equitable according to the number of dwellings in each 
village to avoid any bias. The following formula was used 
for this purpose.

All the buildings in these dwellings were plotted on a 
district map so that they could be randomized. Through 
this, it was aimed to achieve greater efficiency in assigning 
samples using Google Maps (web map application server 
belonging to Alphabet Inc.) The population studied cor-
responded to the total number of existing dwellings in all 
locations of the Huancarama district (2,366). From these, 
a sample size of 519 dwellings was selected, and fecal sam-
ples were taken only from the dwellings where dogs were 
kept (490 dwellings), as indicated in Table 1.

Procedure
The team of interviewers was trained to complete 

the questionnaire. In addition, identification credentials 
and biosafety clothing (latex gloves, waterproof hooded 
protective suits, respirators with particle filters, and face 
shields, among others) were provided in accordance with 
the recommendations of the Pan-American Health Orga-
nization (OMS, 2020).

The interviewers toured all the randomly selected 
dwellings. If a given home did not respond when the team 
members called, they went to the adjoining house, to the 
left or right, if necessary. Observations of echinococcosis 
in homes in Huancarama district were based on the col-
lection of dog fecal samples from residences in both rural 
and urban areas. Consequently, the observational unit was 
a household unit.

Fresh fecal samples were collected from dogs. The sam-
ples were collected in the form of one excreta per bottle. 

n = (NZ2P[1-p]) / (E2[N-1]+Z2P[1-p])

Where:

n = Sample size: 519

N = Population size: 2366

Z = Confidence level (99%): 2.58

P = Baseline prevalence: 0.5

E = Tolerable upper limit of error (5%): 0.05
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Table 1. Sample size among households in the Huancarama district, Peru

The team searched for feces both inside and outside the 
house. One fecal sample was collected from each household. 
The biological sample collection bottles had a capacity of 
120 cc, with a wide mouth and hermetic sealing. The sample 
placed in each bottle did not exceed the capacity of the bot-
tle. Care was taken not to externally soil the bottle such that 
the sample would not have to be discarded later.

The samples were labeled according to the enumera-
tion of the files. When the feces sample form had been 
completed with all the necessary information, the samples 
were refrigerated until they were transferred to the labo-
ratory. General standards for the transportation of biolog-
ical materials were followed. The samples were sent within 
10 days, and the reasons for sample referral were informed 
via telephone.

For sample referral, it was verified that the fecal samples 
from the dogs were properly identified and labeled with 
a complete identification form. The bottles were carefully 
cleaned and sealed externally using 1% bleach. The bottles 
were individually wrapped in absorbent paper and packed 
in cardboard boxes, in which they were properly distribut-
ed to prevent spillage. The empty spaces between bottles 
were immediately filled with absorbent paper. The card-

board boxes were then placed inside a Styrofoam box and 
refrigerants were placed in this box.

In the laboratory, samples that were kept for 48 h were 
frozen at -80 °C, those that were kept for over 4 days 
were maintained at -70 °C, and those that were kept for 
≥ 7 days were maintained at -20 °C. The samples were 
processed using a copro-ELISA technique. The laboratory 
issued a report detailing the number of samples that test-
ed positive using the copro-ELISA. Dog feces containing 
traces of the parasite represented evidence and was sup-
ported by this method of immunodiagnosis (copro-ELISA), 
which has been used in control programs in many coun-
tries, including Cyprus, Spain, Peru, and Argentina (Frison 
de Costas et al., 2014).

The results were reported to the Huancarama Health 
Center, with the recommendation to carry out activities of 
mass deworming of dogs and to diagnose the owners of the 
dogs and any person living in the homes where a dog tested 
positive, as recommended by Larrieu et al. (2014).

Technique and instruments
The copro-ELISA test was performed using the tech-

niques and instruments described in the study by Jara et 

Village Dwellings Sample %

Huancarama 749 171 32.9

Llactabamba 52 11 2.2

Pampahura 107 24 4.6

Matecclla 71 16 3.0

Acco 65 14 2.8

Tunyabamba 35 8 1.5

Tambo 33 7 1.4

Chihuarque 67 15 2.9

Arcahua 71 15 3.0

Sayhua 125 28 5.3

Karhuakahua 78 17 3.3

Pichiupata 223 50 9.7

Ahuanuqui 45 10 1.9

Lambraspata 92 20 3.8

California 38 8 1.6

Los Ángeles 94 21 4.0

Sotapa Pararani 110 24 4.7

Other 311 59 11.3

Total 2366 519 100
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al. (2019), who indicated that this test had a sensitivity of 
96.1% (95% CI:85.9-99.6) and a specificity of 98.2% (95% 
CI:89.5-100). Likewise, they indicated that its negative pre-
dictive value (NPV) was 96.5% (95% CI:91.7-100) and its 
positive predictive value (PPV) was 98% (95% CI:94.1-100).

Georeferencing of dogs raised in the sampled homes
To visualize the spatial distribution of echinococcosis 

on the corresponding map, a geographic information sys-
tem (GIS) was used to develop data layers obtained from 
all locations in Huancarama district. Through this, georef-
erencing of 343 points corresponding to the houses where 
the owners had dogs was achieved, using the ArcGIS soft-
ware (version 10.8) and GPS (GARMIN eTrex® 10) to gen-
erate the corresponding coordinates.

Statistical analysis.
Observations and processing of the information were 

carried out using Excel for Windows 2010 and the Sta-
tistical Package for the Social Sciences SPSS 25 software. 
Categorical variables were statistically contrasted using 
the chi-square test and odds ratios with 95% confidence 
intervals, and a value of P ≤ 0.05 was taken to indicate the 
extreme degree of significance. Univariate and multivari-
ate logistic regression tests were performed to determine 
possible associations between echinococcosis and the fol-
lowing: location of the home; distance from the slaugh-
terhouse; altitude of the home; number, sex, and age of 
the dogs; veterinary control; lockdown; sterilization; and 
feeding with viscera. The lowest number was used as the 
reference value to seek the best biological model, with the 
following details: g(x) = β0 + β1x1 + β2x2 + β3x3 + β4x4 + 
β5x5 + β6x6 + β7x7 + β8x8 + β9x9 + β10x10. The variables 
of dog owners’ knowledge of echinococcosis, domestic 
animal species sensitive to this infection, and transmission 
from dogs to people were not included in the model.

RESULTS

The study showed that 94.4% of households had dogs 
(490/519; 95% CI:92.3-96.5). On average, there were 0.6 
dogs per home. In addition, it was estimated that there 
was a ratio of three people for each dog. The prevalence of 
E. granulosus in dogs in the Huancarama district was 27.7% 
(95/343; 95% CI:22.8-32.6).

Univariate logistic regression analysis showed that the 
distance from the dwellings to the slaughterhouse was as-
sociated with E. granulosus infection in dogs. The highest 
prevalence of echinococcosis occurred in households in 
the rural sector, which were more than 1000 m away from 
the population center of Huancarama (33.2%) (P < 0.05). 
Likewise, the altitude of the house was associated with E. 
granulosus in dogs, such that locations in the Suni altitude 
zone had a higher prevalence of echinococcosis in dogs 
(41.8%) than in the Quechua zone (25%) (P < 0.05). How-
ever, the slaughtering of animals in homes did not show 

any statistically significant association with echinococcosis 
in dogs. In addition, the characteristics of the dogs raised 
in Huancarama, such as the number of dogs kept, sex, age, 
veterinary control, confinement, sterilization, and feeding 
with viscera, also did not show any statistically significant 
association with echinococcosis (P > 0.05) (Table 2). Fur-
thermore, as shown in Figure 1, fecal samples of dogs with 
E. granulosus (red dots) were distributed across all loca-
tions in the Huancarama district.

Table 3 shows that lack of knowledge that  humans can 
contract echinococcosis was associated with E. granulosus 
in dogs (22.6%) (P < 0.05). However, unawareness of the 
existence of echinococcosis and that dogs can transmit 
this infection to people did not show any statistically sig-
nificant association with E. granulosus in dogs (P > 0.05).

The multivariate logistic regression analysis showed 
that dogs whose homes were more than 1000 m away 
from the district slaughterhouse had a protective factor 
against echinococcosis (OR = 0.37; P = 0.006). The other 
factors studied did not show any statistically significant 
association (P > 0.05).

DISCUSSION

The majority of households in the Huancarama district 
had dogs (70%). This was similar to the findings of studies 
conducted in Bucaramanga, Colombia (67%) (Florez & So-
lano, 2019) and Coquimbo, Chile (63-89%) (Acosta-Jamett 
et al., 2010). However, this proportion was higher than in 
Peruvian cities such as Abancay (47.8%) (Valderrama & Ser-
rano, 2020), Lima (55.6-60.4%) (Soriano et al., 2017; Esparza 
et al., 2020) and Callao (56.1-61.9%) (Rendón et al., 2018; 
Harada et al., 2019); as well as in the cities of Havana, Cuba 
(63%) (Pino-Rodríguez et al., 2017), Buenos Aires, Argentina 
(47.9-57%) (Brusoni et al., 2007; Zumpano et al., 2011; Tor-
tosa et al., 2016), Viña del Mar, Chile (57%) (Morales et al., 
2009) and Chapecó, Brazil (52.5%) (Paula et al., 2018).

The average number of dogs per dwelling in urban and 
rural areas estimated in the present study was 0.6. This 
was similar to what was found in Neuquén, Argentina (0.6) 
(Brusoni et al., 2007), but lower than what was reported in 
Coquimbo, Chile (0.8-2.8) (Acosta-Jamett et al., 2010) and 
in Lima, Peru (1.6-1.7) (Esparza et al., 2020; Soriano et al., 
2017). In addition, the canine population density was high, 
considering that the human-to-dog ratio determined was 
very close (3:1), i.e. exceeding the 10:1 ratio recommended 
by the WHO (2020). The locations surveyed in the Huan-
carama district were mostly rural, with deficient socioeco-
nomic development and a precarious standard of living, 
which increases the risk to human health from such a large 
canine population.

The high percentage of dog ownership found in this 
study may have been related to local cultural factors, the 
lack of animal population control, and responsible surveil-
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Factors
Dogs with 

 E. granulosus 
 n (%)

Dogs without 
 E. granulosus 

 n (%)
Total (100%) OR 95% CI P

Characteristics of the house

Distance to slaughterhouse (m)

< 200 3 (15.8) 16 (84.2) 19 0.026

200-400 14 (27.5) 37 (72.5) 51 0.49 0.2-1.2 0.11

401-1000 11 (15.5) 60 (84.5) 71 0.98 0.2-3.9 0.975

> 1000 67 (33.2) 135 (66.8) 202 0.37 0.2-0.8 0.006

Species slaughtered in the 
house

Cattle 5 (45.5) 6 (54.5) 11 2.39 0.6-9.6 0.181

Sheep 5 (27.8) 13 (72.2) 18 0.57 0.2-2.2 0.994

Goats 4 (36.4) 7 (63.6) 11 1.44 0.4-5.9 0.514

Pigs 27 (31.4) 59 (68.6) 86 1.22 0.7-2.2 0.376

Altitude of the house (m)

Suni zone 3500-4000) 23 (41.8) 32 (58.2) 55

Quechua zone (2300-3500) 72 (25.0) 216 (75.0) 288 2.16 1.2-3.9 0.012

Dog ownership

Number of dogs

> 4 - 5 (100.0) 5 0.662

2-4 49 (30.2) 113 (69.8) 162 - - 0.999

1 46 (26.1) 130 (73.9) 176 - - 0.999

Sex of dogs 0.344

Female 26 (24.3) 81 (75.7) 107

Male 69 (29.2) 167 (70.8) 236 0.77 0.5-1.3 0.344

Age of dogs (years)

> 8 2 (25.0) 6 (75.5) 8 0.182

2-8 80 (30.1) 186 (69.9) 266 1.85 0.9-3.6 0.066

< 2 13 (18.8) 56 (81.2) 69 1.44 0.3-7.9 0.678

No veterinary control 85 (29.5) 203 (70.5) 288 1.88 0.9-3.9 0.089

No confinement 78 (28.1) 200 (71.9) 278 1.1 0.6-2 0.758

Unsterilized 95 (28.3) 241 (71.7) 336 - - 0.999

Fed with viscera 13 (22.4) 45 (77.6) 58 0.72 0.4-1.4 0.326

lance policies (Paula et al., 2018). All locations surveyed in 
the Huancarama district, except for the location of Huan-
carama itself, were located in rural areas, where the number 
of dogs tended to be higher (WHO, 1990; Pino-Rodríguez 
et al., 2017; Rendón et al., 2018), despite socioeconomic 
conditions that tended to be poorer (Harada et al., 2019). 
On the other hand, the human-animal interaction gener-

Table 2. Characteristics of dog ownership, homes and E. granulosus in the Huancarama district, Peru

ated through possession of dogs would benefit the people 
who cohabit with them, such as reduced stress, increased 
self-esteem, and increased psychological well-being, etc. 
(Rendón et al., 2018). Dogs can perform functions of 
guardianship, companionship, or hunting (Esparza et al., 
2020); however, the high percentage of ownership report-
ed in the present survey shows the importance of for-
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tifying responsible ownership of companion animals and 
prevention of zoonotic diseases in the population of the 
District Municipality of Huancarama and its Health Cen-
ter, pursuant to Law No. 30407 on Animal Protection and 
Welfare (Valderrama & Serrano, 2020).

The prevalence of E. granulosus in the dogs in this study 
was high (27.7%). It was much higher than that reported 
among dogs belonging to slaughterhouse workers and vis-
cera traders in metropolitan Lima (13.8%) (Merino et al., 
2017); or among dogs in the provinces of Rio Negro (6.5%) 
(Larrieu et al., 2014), La Rioja (15.9%) (Amaya et al., 2016) 
and Jujuy, in Argentina (2-27.7%) (Frison de Costas et al., 
2014), and in the XII Region of Chile (1.8%) (Álvarez et al., 
2005). In addition, the locations of Pichiupata, California, 
and Sotapa Pararani presented exceedingly high prevalence 
(73.3%, 50%, and 43.5%, respectively), comparable only with 
what was reported from towns in the district of San José de 
Quero in Junín, Peru (50%) (Santivañez et al., 2010).

This high prevalence in the most remote rural sectors 
probably occurred due to the precarious nutritional status 
of dogs. However, access to raw viscera containing hydatid 

cysts from cattle slaughtered at home is the main risk factor 
(Merino et al., 2017). People tend to dispose of solid waste 
behind their homes, including household waste, thereby 
contaminating the environment and increasing the risk of 
contagion (Montalvo et al., 2018). Along these lines, it can 
also be noted that the percentage of echinococcosis infec-
tion among pigs slaughtered in the slaughterhouse of Huan-
carama was 77%, probably as a result of poor knowledge 
and deficient practices among pork producers (Sierra-Ra-
mos & Valderrama-Pomé, 2017). It is also worth mentioning 
that there is only one municipal slaughterhouse located in 
the capital of the Huancarama district, which means that 
for the most remote rural residents, slaughtering animals in 
their own homes is preferred, in order to avoid the compli-
cation of moving the animals to the district capital.

The distance from the houses to the slaughterhouse was 
associated with E. granulosus in dogs, such that the high-
est prevalence occurred in sectors that were more than 
1000 m away from the village of Huancarama, where the 
slaughterhouse is located (P < 0.05). This is because most 
remote locations do not have a municipal slaughterhouse, 

Figure 1. Map of distribution of fecal samples from dogs with owners, with (in red) and without (in blue) E. granulosus infec-
tion, in different locations in the Huancarama district.
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so slaughtering of animals is done at home, thus facilitating 
the consumption of viscera by dogs and increasing disease 
prevalence (Merino et al., 2017; Montalvo et al., 2018).

The locations in the Suni altitude zone (3500-4000 
m.a.s.l.) presented a higher prevalence of echinococcosis in 
dogs than those in the Quechua zone (2300-3500 m.a.s.l.) 
(P < 0.05). This finding differs from that reported in other 
studies, such as in the Quebrada area (2200-2700 m.a.s.l.) 
and the Puna area (3000 m.a.s.l.) of Jujuy, Argentina, where 
the prevalence was similar (11.7-14% and 2-14.8%, respec-
tively) (Frison de Costas et al., 2014). Similarly, in a previous 
study on pigs slaughtered in the slaughterhouse of Huan-
carama in 2013, the percentage of cystic echinococcosis in-
fection was higher in pigs from Andahuaylas (2926 m.a.s.l.) 
than in pigs from Huancarama (2965 m.a.s.l.), Pacobamba 
(2720 m.a.s.l.), and Kishuara (3665 m.a.s.l.), with no relation-
ship with altitude (Sierra-Ramos & Valderrama-Pomé, 2017).

Contrary to what several authors have suggested (Frison  
de Costas et al., 2014; Amaya et al., 2016; Merino et al., 2017; 
Montalvo et al., 2018), neither the characteristics of dogs 
raised in the locations of Huancarama (such as the num-
ber of dogs bred, sex, age, veterinary control, confinement, 
sterilization, and feeding with viscera) nor the slaughter of 
animals in homes showed any association with echinococ-
cosis in dogs. This was probably because infection with this 
parasite spread endemically throughout the district. How-
ever, it was difficult to observe the owners’ habits regarding 
their feeding of their dogs because the residents of this 
district were very suspicious about letting strangers into 
their homes.

The lack of knowledge on whether cattle and humans 
can contract echinococcosis is associated with echinococ-
cosis in dogs. This is a concern considering that this dis-
ease is zoonotic. The inhabitants neglect their self-care 
to avoid contracting the infection by maintaining contact 
with their dogs or feeding them with raw viscera contam-
inated with hydatid cysts (Amaya et al., 2016), especially 
from cattle slaughtered at home. It should be noted that 
the Apurimac region, where the Huancarama district is lo-
cated, is not a sheep area, but backyard breeding of species 
such as cattle and pigs is practiced especially (INEI, 2017).

The multivariate logistic regression analysis showed 
that dogs whose homes were more than 1000 m from 
the district slaughterhouse had 63% protection against 
echinococcosis. This was because, unlike homes in the ur-
ban-rural area where the slaughterhouse is located, homes 
in rural areas are far from each other, which would make 
it difficult for a dog to travel to eat some viscera with 
hydatid cysts that had been improperly disposed of in an-
other household. Therefore, dogs that were found to be 
infected would not have become infected by eating raw 
viscera supplied by their owners, considering that these 
owners were aware of the risks that this implies. Rather, 
they would mainly have become infected from viscera that 
had been improperly discarded by residents of neighbor-
ing houses in the urban-rural sector.

It should be emphasized that this was the first survey on 
the presence of echinococcosis in dogs in the Huancara-
ma district. There is a latent risk factor due to deficient 
possession of dogs that are usually fed raw viscera, fruits, 

Table 3. Dog owners’ knowledge about the parasite cycle of E. granulosus and its presence in dogs in the Huancarama district

Factors
Dogs with 

 E. granulosus 
 n (%)

Dogs without 
 E. granulosus 

 n (%)
Total (100%) OR 95% CI P

Echinococcosis 87 (28.7) 216 303 1.61 0.7-3.6 0.251

Species that can contract E. 
granulosus:

Cattle 95 (28.9) 234 (71.1) 329 - - 0.998

Goats 95 (28.3) 241 (71.7) 336 - - 0.999

Dogs 94 (28.2) 239 (71.8) 333 3.54 0.4-28.3 0.234

Sheep 93 (28.0) 239 (72.0) 332 1.75 0.4-8.3 0.479

Pigs 88 (27.9) 227 (72.1) 315 1.16 0.5-2.8 0.74

Humans 43 (22.6) 147 (77.4) 190 0.57 0.4-0.9 0.02

that dogs can transmit E. granu-
losus to people

1 (11.1) 8 (88.9) 9 0.32 0-2.6 0.26
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or waste from the slaughterhouse of the city (Reyes et al., 
2012; Larrieu et al., 2014; Amaya et al., 2016). However, 
this survey presented some limitations, considering that 
even though the surveys were carried out using an inter-
view guide, the interviewee’s responses had to be trusted. 
Moreover, if there had been prior knowledge of the num-
ber of dogs in the district and in each village would have 
helped in designing a more accurate sample size and thus 
to obtain more precise results. 

The lack of echinococcosis control strategies has allowed 
for the spread of infection in the study area. The results 
of this study demonstrated that E. granulosus is present 
throughout the district, highlighting that echinococcosis 
constitutes a public health problem. The present results may 
form a useful basis for subsequent studies and are valuable 
with regard to the implementation of mitigation and con-
trol strategies in the district studied and in the province of 
Andahuaylas. For this reason, the results from this research 
have been reported to the Huancarama Health Center, with 
a view to undertaking deworming programs for dogs and 
people who were living in homes from which canine fecal 
samples were positive for E. granulosus.
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ABSTRACT. Camelpox remains a widespread viral disease in camelids, with socioeconomic relevance. The present study 
explored the hematological, biochemical, and histopathological alterations in dromedary-racing camels from the North 
of Oman infected with camelpox virus diagnosed by real-time PCR. Blood and skin samples were collected from camels 
with clinical signs and skin lesions (n=4) and from healthy camels (n=3) from 10 different camel herds. The results indicat-
ed that the infected camels showed clinical signs, including pyrexia, lacrimation, nasal mucus discharge, affixed and swol-
len eyelids, emaciation, and pimples on the skin of the head, legs, and abdomen. Hemoglobin, hematocrit, and platelets 
were significantly greater, with a significant reduction in leukocyte and lymphocyte counts in infected camels than in 
healthy camels. Infected camels had higher CK and creatinine levels and hepatic-related metabolites, including AST, ALP, 
AST, GGT, and LDH, than the apparently healthy camels. Histopathological examination of skin scab samples revealed 
ballooning degeneration of epidermal cells in the presence of typical large eosinophilic intracytoplasmic inclusion bodies 
and suppurative dermatitis following secondary bacterial infection in all examined infected camels. Camelpox viral DNA 
was detected using real-time PCR in the blood and skin samples of all infected camels. These findings in dromedary-rac-
ing camels associated with a molecular diagnosis of camelpox are described for the first time in the Sultanate of Oman. 
Therefore, further studies are warranted.

Keywords: Camelpox; Camel; hematological; Oman; Outbreak; Molecular detection.

INTRODUCTION

Camels have socioeconomic importance in Arabian 
countries as food safety nets owing to their milk and meat 
consumption. Viral outbreaks are recurrent in camels and 
are triggered by pathogenic or environmental factors that 
can restrict vaccination competence. Camelpox virus, a 
highly contagious disease of camelids, is the etiological 
agent of this disease. This virus is a member of the genus 
Orthopoxvirus of the family Poxviridae. Camel keepers 
encounter significant losses due to morbidity and mor-
tality in infected camels, as well as weight loss in the body 
and reduction in milk yield (Bhanuprakash et al., 2010b). 
The disease has erupted in almost every region that prac-
tices camel husbandry, and many outbreaks have been 
reported in several countries in Africa, the Middle East, 
and Asia (Wernery & Kaaden, 2002), including the Oman 
(Fassi-Fehri, 1987; Shommein & Osman, 1987; Kumar et al., 
2012; Hussain et al., 2015). Camelpox outbreaks have led to 
huge economic losses through deaths, milk loss, aborted 
infected camels, and the cost of supportive treatment and 
prevention of the spread of the disease (Wernery & Zach-
ariah, 1999; Bhanuprakash et al., 2010a). 

Camelpox presents with clinical signs, including pyrexia, 
enlarged lymph nodes, and characteristic pox skin lesions 
(Bhanuprakash et al., 2010b). Moreover, Camelpox disease 
appears in either a generalized or a localized form. In the 
generalized form, pox lesions spread all over the skin and 
extend to the esophagus, trachea, and lungs (Wernery 
& Kaaden, 2002; Narnaware et al., 2021). In the localized 
form, the lesions are strictly in the skin and start as pap-
ules that transform into vesicles and pustules, followed by 
scab formation, which may take up to 4–6 weeks to heal. 
Histopathological lesions include typical cytoplasmic vacu-
olation of epidermal stratum spinosum keratinocytes, with 
large eosinophilic intracytoplasmic inclusions. Vesicles 
form following the rupture of swollen cells, and lesions 
are usually associated with the infiltration of mononuclear 
cells and neutrophils. Hyperplastic epithelium may be ob-
served at the rim of the skin lesions (Balamurugan et al., 
2013). Rainy seasons, common watering sources, and the 
introduction of new camels into herds are risk factors for a 
higher incidence of camelpox disease. The transmission of 
camel poxvirus usually occurs by direct or indirect contact, 
as the virus is secreted in various body fluids, including 
nasal and ocular discharges, milk, and saliva of infected 
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animals. Infection is caused by inhalation, skin abrasion, 
and mechanical transmission through ticks (Bhanuprakash 
et al., 2010b; OIE, 2021). Camelpox is clinically diagnosed 
on the basis of the identification of classical signs. How-
ever, confirmation is required to exclude similar effects 
such as contagious ecthyma (Orf), papillomavirus, and in-
sect bites (Khalafalla et al., 2015; OIE, 2021). Camelpox can 
be confirmed by several tests like transmission electron 
microscopy, immunohistochemistry, virus isolation, sero-
logical tests, and molecular tests like PCR (Bhanuprakash 
et al., 2010a; Bayisa, 2019). 

Camelpox has been reported in many developing coun-
tries in Asia and Africa (Mohammadpour et al., 2020). The 
disease has been reported among camels in the Sultanate 
of Oman; however, there is a lack of reports regarding 
clinicopathological data on the disease. This is the first 
study to report hematological, bichemical, histopatholog-
ical, and molecular investigations related to camelpox in-
fection in camels from the Sultanate of Oman.

MATERIALS AND METHODS

Samples collection
In October 2020, an outbreak of skin lesions in cam-

els was reported on ten farms in the Sultanate of Oman. 
Samples were collected from camel herds reared in Aswad, 
Shinas Province, Al Batinah North Governorate, Sultanate 
of Oman. The animals were kept under a closed rearing 
system of a dromedary camel herd. Infected camels were 
male and female, aged between 1 and 10 years. The infect-
ed camels showed clinical signs. Blood samples (n=7) of 
both apparently healthy (n=3) and infected (n=4) camels 
from each farm were collected to study hematological and 
biochemical alterations and DNA extraction. Skin scabs 
were collected and deposited in 10% neutral buffered for-
malin for histopathological examination. 

Hematological and plasma biochemical assessment  
Blood samples (5 ml) were collected from the jugular 

vein in heparin tubes and stored at 4 °C until examination. 
Once in the laboratory, the samples were further separat-
ed into two subsamples. The first was used for hematolog-
ical examinations. The second sub-tube was centrifuged 
(3000 rpm for 20 min) for plasma separation and stored at 
-20 ºC for blood metabolites. Using the automated Hae-
matology Veterinary Analyser (ABX Micros ES 60®, Hori-
ba Company, UK), the total of white blood cells (WBC), 
differential leucocyte (DLC), red blood cell count (RBC), 
hemoglobin (Hb), hematocrit (PCV), and platelets count 
were measured. 

The plasma components of the protein fractions (total 
protein and albumin), creatinine, creatinine kinase, alkaline 
phosphatase (ALP), lactate dehydrogenase (LDH), gam-
ma-glutamyl transferase (GGT), aspartate aminotransfer-
ase (AST), and alanine transaminase (ALT) were assessed 
using commercially available kits (Pars Azmun Corporation 

Ltd., Tehran, Iran) according to the manufacturer’s instruc-
tions, using auto-analyzer biochemistry (Chem 299, Ge-
san, Italy).

Histopathological examination  
To assess the histopathological alterations, specimens 

were fixed in 10% neutral buffered formalin and then de-
hydrated with increasing concentrations of alcohol (65%, 
75%, 90%, and 100%). Fixed specimens were embedded 
in paraffin using an automated processor (MTM-SLEE, 
Germany), sectioned with a Leica® microtome into 5 
μm sections, and routinely stained with hematoxylin and 
eosin according to the method described by Suvarna et 
al. (2018). Images of tissues were captured using a Nikon 
ECLIPSE E200 microscope.

DNA extraction and real-time PCR 
DNA was extracted from whole blood samples of 

healthy and infected camels. DNA was isolated using a 
DNeasy Blood & Tissue kit (Qiagen, Germany) following 
the manufacturer’s instructions (Alhaddad et al., 2019). 
The quality and quantity of DNA were then determined.  
Extracted DNA from blood and skin scab tissue samples 
was tested by real-time PCR using a commercial Genet-
ic PCR Solutions (GPSTM) Camelpox virus MONODOSE 
dtec-qPCR kit (Alicante, Spain), following the manufactur-
er’s protocol. The thermal cycling conditions were 95°C 
for 1 min, followed by 40 cycles of denaturation at 95°C 
for 10 s, extension, and data collection at 60°C for 1 min. 

Statistical analysis
The differences between the means of the two groups 

(infected and apparently healthy) were tested for signifi-
cant differences using a t-test (Proc T-test; SAS Institute 
Inc., 2012). Statistical significance between means was set 
at a p-value less than 0.05. The results are expressed as the 
mean ±SEM.

RESULTS

Clinical signs and treatment
Our data revealed that the infected camels exhibited 

clinical signs of different severity, including anorexia, py-
rexia, lacrimation, swollen eyelid, nasal mucus discharge, 
and pock lesions at various skin parts such as nostrils, 
mouth, head, legs, and abdomen, especially in the end pe-
riods (Figure 1 A, B, and C). No mortality was recorded 
from any of the camels during data collection from the 
camel herds. Clinically infected camels were isolated and 
treated successfully with three doses of long-acting oxy-
tetracycline (20 mg/kg every two days) with a topical anti-
biotic spray (chloramphenicol/gentian violet).

Haematological and biochemical profile 
The hematological values of the infected and apparently 

healthy camels are presented in Table 1. Hb, PCV, WBC, 
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platelet, and neutrophil levels were significantly different 
between the two groups. Hb, PCV, and platelet values 
significantly increased by 24.8%, 27.6%, and 5.0%, respec-
tively, in the infected group compared to those in the 
healthy group. Infected camels had lower (p < 0.05) WBC 
and lymphocyte counts by 33.05% and 14.4%, respectively, 
than apparently healthy camels (Table 1). The plasma bio-
chemical values of infected and healthy camels are shown 
in Table 2. The values of creatinine and CK were signifi-
cantly increased (p < 0.05) in infected camels by 55.5% and 
41.08%, respectively, compared with those in the healthy 
camel group. In contrast to the healthy camel group, all 
hepatic-related enzymes, ALP, LDH, AST, and GGT, were 
significantly increased in the infected camels by 70.4%, 
48.9%, 58.3%, and 51.7%, respectively. No significant ef-
fects were detected for ALT levels. 

Histopathological examination 
As shown in Figure 1(D) and 1(E), examination of the 

skin scab tissues revealed marked hydropic and ballooning 
degeneration of the epidermal cell layer, with large eosin-
ophilic intracytoplasmic inclusion bodies. The scabs also 
exhibited large aggregates of dead and living neutrophils 
that formed microabscesses.

Molecular detection of camelpox virus
Camelpox viral DNA was successfully detected using a 

commercial kit for real-time PCR from the blood and skin 
scab tissue samples of camels that exhibited clinical signs 
and only one of the apparently healthy camels.

Figure 1. An adult racing dromedary camel showing nasal discharges along with papules over the head and the forelimb (A, 
B, C); Skin scabs from camelpox infected animal showing marked hydropic and ballooning degeneration (arrows) of the epi-
dermal cell layer with large aggregates of dead and living neutrophils forming microabscesses (arrowheads) (D) (H&E stain, 
Bar= 200µm);  Large eosinophilic intracytoplasmic inclusion bodies (arrows) in the degenerated cells of the stratum spinosum 
along with aggregates of neutrophils (arrowheads) (E) (H&E stain, Bar= 50µm).
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DISCUSSION

This study investigated outbreaks of camelpox disease 
in camel herds in Oman. All infected camels had localized 
skin lesions on their head, neck, abdomen, and limbs. No 
mortality was recorded for any of the affected animals. The 
outbreak occurred in October, a hot and humid month 
in the coastal Al-Batinah North Governorate, which may 

have played a role in initiating the infection. Our data are 
in agreement with previous investigations, where a higher 
incidence and more severe form of camelpox outbreaks 
were observed in the rainy season than in the dry season, 
in addition to its association with calf weaning and poor 
nutrition (Wernery et al., 1997; Wernery & Kaaden, 2002; 
Bhanuprakash et al., 2010; Mohammadpour et al., 2020). 

As reported in our study, infected camels typically show 

Table 1. Haematological values of camels infected by campelpox virus showing skin lesions and apparently healthy. Results 
are expressed as means ± SE.

Table 2. Plasma biochemical values obtained from camels infected with the Camelpox virus showing skin lesions and appar-
ently healthy. Results are expressed as means ± SE.

Hb: hemoglobin; RBC, red blood cell; PCV, packed cell volume; WBC, white blood cells. * p ≤ 0.05 is statistically significant.

1 CK, creatinine kinase; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; GGT, gamma-glutamyl transferase; AST, as-
partate aminotransferase; ALT, alanine transaminase. *p ≤ 0.05 is statistically significant.

Variable1 Infected Apparently healthy

Erythrocytes

Hb (g/dl) 15.1 ± 0.83* 12.1 ± 0.72*

RBC (106/μl) 9.9 ± 0.62 7.7 ± 0.69

PCV% 41.3 ± 1.14* 32.4 ± 1.07*

Platelets 607.5 ± 2.46* 578 ± 2.17*

Leucocytes

WBC (103/μl) 8.7 ± 0.80* 13.1 ± 0.57*

Neutrophil (%) 74.8 ± 0.75* 65.4 ± 0.54*

Lymphocyte (%) 17.3 ± 0.76 19.4 ± 1.38

Variable1 Infected Apparently healthy

Protein fraction

Total protein (g/dl) 7.8 ± 1.09 6.55 ± 0.27

Albumin (g/dl) 2.92 ± 0.51 3.54 ± 0.92

Cardiac indices

CK (U/L) 179.6 ± 1.14* 115.5 ± 1.32*

Kidney indices

Creatinine (mg/dL) 2.21 ± 0.05* 1.57 ± 0.1*

Hepatic indices

ALP (U/L) 154.4 ± 0.95* 90.6 ± 1.04*

LDH (U/L) 1176 ± 6.92* 591 ± 4.83*

AST (U/L) 79.4 ± 3.73* 50.15 ± 2.28*

ALT (U/L) 6.24 ± 0.270 6.4 ± 0.31

GGT (U/L) 11.5 ± 1.75* 7.58 ± 1.95*
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clinical signs of localized camelpox infection. These clini-
cal signs, including pyrexia, anorexia, lacrimation, swollen 
eyelids, and pock lesions on the skin of the head, neck, 
legs, and abdomen, which form pustules and scabs, are 
in agreement with other reported camel pox outbreaks 
(Narnaware et al., 2021; OIE, 2021; Mohammadpour et 
al., 2020). Moreover, similar studies (Wernery & Kaaden, 
2002) have mentioned that skin lesions initially appear as 
erythematous macules, develop into papules and vesicles, 
and later turn into pustules. Lacrimation and excess sali-
vation in camels have been previously described by several 
authors (Aregawi & Feyissa, 2016; Dahiya et al., 2017; Nar-
naware et al., 2018). Additionally, we detected camelpox 
viral DNA in all camels showing clinical signs and in one 
of the apparently healthy camels that could be carriers or 
during the incubation period.  

Significant changes in Hb, PCV, WBC, neutrophil, and 
platelet counts were observed between the infected and 
healthy camels. In this study, infected camels had higher lev-
els of Hb, PCV, and platelets, and lower levels of WBCs and 
leukocytes. In agreement with previous reports (Kachhawa-
ha et al., 2014; Narnaware et al., 2018), hyperproteinemia 
in camels infected with the camelpox virus in India was at-
tributed to anorexia related to mouth lesions. Moreover, 
Bhanuprakash et al. (2010) indicated that camels infected 
with camelpox exhibited an increase in Hb and PCV and 
a significant reduction in WBC and lymphocyte counts. In 
addition, hepatic metabolites, such as GGT and AST, were 
higher in camelpox-infected camels (Hussein & Al-Mufar-
rej, 1999). This may be associated with the attachment of 
the virus to blood cells and prevention of their mobility 
and functionality. However, other studies have indicated 
that camelpox has no considerable impact on biochemical 
and hematological parameters (Bhanuprakash et al., 2010). 
In line with our data, De et al. (2020) reported that leuko-
cyte counts were significantly reduced in camelpox-infected 
camels than in healthy camels. During the initial period of 
infection, leukopenia has been detected in ruminants and is 
associated with augmented tissue requests and neutrophil 
margination (Hussein & Al-Mufarrej, 1999). The presence of 
other antigens in systemic infectious syndromes may lead 
to lymphopenia due to the lymph node confiscation of pe-
ripheral blood lymphocytes (Bhanuprakash et al., 2010; Du 
et al., 2020). Moreover, exposure of camels to Trypanoso-
ma evansi infection, as evidenced by the detection of spe-
cific antibodies against the parasite, might have a role in 
suppressing animal immunity and hence be vulnerable to 
camelpox virus infection (OIE, 2021). However, our results 
partially agree with those of Narnaware et al. (2015), who 
reported that the blood and biochemical parameters in 
camel calves infected with para-poxvirus (camel contagious 
ecthyma) were not significantly affected. 

In addition to the clinical signs and haematological 
changes induced by camelpox, it is critical to explore the 
histopathological changes in camel skin lesions to select a 
more appropriate treatment strategy. In the current study, 

marked hydropic and ballooning degeneration of the epi-
dermal cell layer, with large aggregates of dead and living 
neutrophils, formed microabscesses in addition to large 
eosinophilic intracytoplasmic inclusion bodies in the de-
generated cells of the stratum spinosum. Histopathologi-
cal changes associated with campelpox infection have been 
previously described (Dahiya et al., 2017; Narnaware et al., 
2018). Moreover, marked acanthosis, ballooning degenera-
tion, and vacuolation of the prickle cell layer, in addition to 
homogenous eosinophilic inclusion bodies, were reported 
by Khalafalla et al. (1998), as indicated in our present inves-
tigation. Similarly, Narnaware et al. (2021) revealed marked 
epithelial hyperplasia in infected camel`s tongue with no-
ticeable vacuolation and hydropic/ballooning degener-
ation with the presence of oval-shaped intracytoplasmic 
eosinophilic inclusion bodies in large numbers. 

Very few records are available on the review of results 
related to molecular detection by PCR of camelpox vi-
ral DNA in camel species. PCR revealed the presence of 
genomic virus in all infected camels. Consistent with our 
data, many authors (Nagarajan et al., 2013; Khalafalla et al., 
2015; Dahiya et al., 2017) have demonstrated that PCR am-
plification of camelpox viral DNA from blood samples is 
a rapid, sensitive, and specific assay for the early detec-
tion of camelpox infection. Moreover, the assay detected 
viral particles in an apparently healthy camel. Molecular 
identification of Camelpox virus DNA is reported in this 
study to provide more evidence for clinical, histological, 
and blood biochemical changes. This molecular diagnostic 
method should be applied, especially in dromedary racing 
camels. In this regard, we expect that this study will ince-
tivate the use of molecular techniques for the diagnosis of 
viral or bacterial infections in dromedary-racing camels. 

The detection of camelpox virus in dromedary-racing 
camels using molecular and histopathological techniques 
ensures early intervention by veterinarians for better 
treatment and prevention of disease occurrence. This 
could also help in selecting a suitable treatment and pre-
vention strategy, and invite other researchers to develop 
new therapies for this disease.
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ABSTRACT. Single Nucleotide Polymorphisms (SNP) or mutations are variations with a broad distribution in the ge-
nome and, as part of genetic studies, SNP allow the identification of allelic variants related to characteristics of eco-
nomic importance in sheep production. However, the identification of SNP and their genotypes through sequencing is 
expensive, as it requires specialized materials and equipment. The objective of this study was to identify polymorphisms 
and their genotypes in the growth differentiation factor 9 (GDF9) and bone morphogenetic protein 15 (BMP15) genes 
in Pelibuey sheep using the tetra-primer amplification-refractory mutation system through polymerase chain reaction 
(T-ARMS-PCR). DNA extraction and amplification of BMP15 and GDF9 were conducted from blood samples contained in 
WhatmanTM FTATM cards from 60 multiparous Pelibuey ewes with reproductive records. The T-ARMS-PCR methodology 
allowed the identification of wild-type genotypes and mutated homozygous genotypes in polymorphisms G4 and G6 of 
GDF9, whereas mutations in the BMP15 gene were not found. These results were confirmed by sequencing. In conclusion, 
the T-ARMS-PCR methodology allowed the identification of mutated and wild-type genotypes in SNP G4 and G6 of 
GDF9, although no mutations were found in BMP15 in Pelibuey sheep. This technique was found to be reliable, rapid, and 
easily applied to identify polymorphic genotypes. 

Keywords: gene, mutation, T-ARMS-PCR, genotyping, sequencing.

INTRODUCTION

Many studies have reported that the ovulation rate 
and litter size in sheep are regulated by genes that affect 
ovarian function. These are known as fertility genes (Davis, 
2005; Fabre et al., 2006) and include the bone morpho-
genetic protein receptor (BMPR-IB), bone morphogenet-
ic protein 15 (BMP15), and growth differentiation factor 
9 (GDF9), which are intra-ovarian regulators of folliculo-
genesis (Ahlawat et al., 2014; Aboelhassan et al., 2021) ex-
pressed in follicle oocytes during development (Hanrahan 
et al., 2004; Strauss III & Williams, 2019). The BMP15, BM-
PR-IB, and GDF9 genes belong to a large family of trans-
forming growth factor β (TGFβ) and, with their mutations 
or Single Nucleotide Polymorphisms (SNP), heterozygous 
sheep generally increase their ovulation rate and prolifi-
cacy, whereas homozygous sheep present infertility and 
primary failures in folliculogenesis (Hanrahan et al., 2004; 
Nicol et al., 2009; Gootwine, 2020). 

In BMP15, the mutations found in the gene coding re-
gion are FecXI (Inverdale), FecXH (Hanna) (Galloway et al., 
2000), FecXB (Belclare), FecXG (Galway) (Hanrahan et al., 
2004), FecXL (Lacaune) (Bodin et al., 2007), FecXR (Roa) 

(Martínez-Royo et al., 2008), FecXGr (Grivette), FecXO 
(Olkuska) (Demars et al., 2013), and FecXBar (Tunisian Bár-
bara) (Lassoued et al., 2017). In most of these mutations, 
there was an average increase of 0.6 offspring per ewe 
compared to the wild genotype (Galloway et al., 2000; 
Hanrahan et al., 2004; Fabre et al., 2006; Bodin et al., 2007; 
Martinez-Royo et al., 2008). In contrast, 11 specific muta-
tions have been reported in the gene GDF9 in the coding 
region, but not all of these affect ovarian function (G2 and 
G3) (Hanrahan et al., 2004), and only nine affect ovulation 
rate and litter size: FecGH (high fertility or G8) (Hanrahan et 
al., 2004), FecGT (Thoka) (Nicol et al., 2009), FecGE (Embra-
pa) (Silva et al., 2010), FecG1 (Baluchi or G1) (Moradband et 
al., 2011), FecGV (Vecaria) (Souza et al., 2014), FecGF (Finnish 
or G7) in white Norwegian sheep (Våge et al., 2013), FecGA 
(Araucana or G5, G6) (Bravo et al., 2016), and G4 (Dash et 
al., 2017).

Polymorphism is the main source of variation in the DNA 
of an organism and can be used as a molecular marker to 
identify allelic variants associated with economically import-
ant characteristics (Niciura et al., 2018). In the recognition of 
these allelic variants, some methodologies have been used 
to identify SNP and their genotypes in ewes. These methods 

https://doi.org/10.4206/ajvs.553.03
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include DNA sequencing, restriction fragment length poly-
morphism through Polymerase Chain Reaction (PCR-RFLP), 
single-strand conformation polymorphism (SSCP), hybrid-
ization with TaqMan fluorescence probes, and DNA Mi-
croarrays, among others (Ahlawat et al., 2014; Niciura et al., 
2018). The disadvantage of these methodologies is the high 
cost of reagents as well as the requirement for specialized 
materials and equipment for sample processing (Niciura et 
al., 2018). In this context, Newton et al. (1989) developed 
an Amplification-Refractory Mutation System (ARMS-PCR). 
This, together with the tetra-primer procedure (Ye et al., 
2001), was found to be an economical, reliable, and easy-
to-use methodology for identifying mutations in genotypes 
(Nicol et al., 2009; Polley et al., 2010).

In the Tetra-primer Amplification Refractory Mutation 
System through Polymerase Chain Reaction (T-ARMS-
PCR), a fragment of the gene of interest and each internal 
primer are combined with an opposing external primer in 
a single reaction to amplify the wild-type, mutated, and 
control fragment forms in a single PCR reaction (Polley et 
al., 2010). Thus, the objective of this study was to identify 
polymorphisms in GDF9 and BMP15 in Pelibuey ewes by 
using T-ARMS-PCR.

MATERIALS AND METHODS

Collection and conservation of samples
Sterile syringes were used to collect three mL of blood 

from the jugular veins of sixty multiparous ewes of the Pel-
ibuey breed, from the agriculture and livestock production 
unit “El Gargaleote”, property of Universidad Autónoma 
Chapingo; under the criteria of the Mexican Official Norm 
(Norma Oficial Mexicana, NOM-062-ZOO-1999) [SAGAR-
PA, 2001] on technical specifications for the production, 
care, and use of laboratory animals, and following the 
regulations for the use and care of research animals, as 
approved by the General Academic Council of Colegio de 
Postgraduados, Mexico (COLPOS, 2016). From the collect-
ed blood, a 0.5 mL subsample was placed in a Whatman™ 
FTA™ mini card (WB 120055, GE Healthcare©, United 
Kingdom). The cards were dried in the shade according 
to the manufacturer´s instructions (GE Healthcare©, Unit-
ed Kingdom) until subsequent processing. The laborato-
ry phase was conducted in the facilities of the Molecular 
Biology Laboratory of common use in the Postgraduate 
Program in Plant Health, at Campus Montecillo, Colegio 
de Postgraduados, Texcoco, State of Mexico.

Sample processing
For DNA extraction, sections of approximately one mm2 

were cut from the Whatman FTA mini card impregnat-
ed with blood and deposited in an Eppendorf tube of 0.2 
mL. They were then washed three times with 200 µL of 
FTA purification reagent (GE Healthcare©, United King-
dom) at room temperature, for seven minutes each, and 
the purification reagent was discarded after each wash. 

Two further washes were then carried out with 200 µL 
of Tris (hydroxymethyl aminomethane)-EDTA (ethylenedi-
aminetetraacetic acid) buffer or TE (10 mM Tris, 0.1 mM 
EDTA, pH 8.0) at room temperature for seven min, and 
the TE buffer was discarded after each wash, according to 
the manufacturer’s instructions and the methodology fol-
lowed by Muñoz-García et al. (2021). On average, the ratio 
of the absorbance of DNA at 260 and 280 nm was 1.8 with 
a concentration of 452.98 ng µL-1.

Polymorphisms and genotypes in the BMP15 and GDF9 
genes by T-ARMS-PCR

This study used the T-ARMS-PCR methodology de-
scribed by Ye et al. (2001) for the detection of polymor-
phisms and their genotypes in the BMP15 and GDF9 genes 
of Pelibuey sheep. Fragments of these genes were amplified 
by PCR, using the sequences listed in Table 1, as reported by 
Polley et al. (2010). The reaction mixture for the T-ARMS-
PCR of the genes was produced separately; each reaction 
mixture had a final volume of 13.75 µL, containing 6.25 µL 
of GoTaq® Colorless Master Mix 2X (Promega© Madison, 
WI, USA), 0.625 µL of each primer (two Forward and two 
Reverse; IDT®, Illinois, USA) at a concentration of 10 µM 
and five µL of trehalose dihydrate at 10% (Merck© KGaA 
64271, Darmstadt, Germany). The tubes containing the re-
action mixture and fragment of the processed FTA mini 
card were introduced into a Biometra® thermal cycler.

The amplification conditions programmed for each al-
lele (wild-type and mutated) are detailed below. For exon 
2 of the gene GDF9: initial denaturation was performed 
at 93 °C for three min; 35 cycles of denaturation at 93 °C 
for 40 s; alignment, Table 1, 40 s; extension, 72 °C, 40 s; 
and a final extension at 72 °C for five min. For exon 2 of 
BMP15, initial denaturation was performed at 95 °C for five 
min; 35 cycles of denaturation at 95 °C for 40 s; alignment, 
Table 1, 40 s; extension, 72 °C, 30 s; and a final extension 
at 72 °C for four min. The amplicons of the GDF9 and 
BMP15 genes were separated by gel electrophoresis on a 
2.5% agarose gel in Tris-borate-EDTA or TBE running buf-
fer at 1% (IBI Scientific, Dubuque, Iowa, USA) at 80 volts 
for 80 min in each case. A 100-1000 bp molecular marker 
was used (Promega©, Madison, Wisconsin, USA). The gel 
was stained with Gel Red® (Biotium, Hayward, California, 
USA), which was then added to the agarose gel. Three µL 
of amplicon was placed in each well, plus three µL of Green 
GoTaq® Flexi buffer (Promega©, Madison, Wisconsin, 
USA) was added. The gel was visualized in a Quantum® 
photo-documenter using the Vision Capt ® software.

Polymorphisms and genotypes in the GDF9 and BMP15 
genes by PCR and sequencing

To confirm the mutations and genotypes found in the 
BMP15 and GDF9 genes using the T-ARMS-PCR technique, 
amplification of exon 2 of GDF9 and BMP15 was conduct-
ed through a final point PCR for subsequent sequencing. 
The reaction contained GoTaq® Colorless Master Mix 
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Table 1. Sequences used to amplify and identify the polymorphisms and genotypes of genes GDF9 and BMP15 in Pelibuey 
ewes using the T-ARMS-PCR methodology.

[Nucleotide specificity is indicated in parentheses. F= forward, R= Reverse, O= external (common), I= internal (specific allele), 
M= mutant, W= wild, C= control fragment and TA= temperature of alignment (Polley et al., 2010)].

2X (Promega© Madison, Wisconsin, USA), each primer 
(BMP15, exon 1: For-5’-AATCCTTCTTTGGGGACTGG-3’ 
and Rev-5’-AGCCCTAAAGGGAAGCAAAT-3’, and exon 
2: For-5’- CCAGAAAAGCCCAACCAATC-3’ and Rev-5’- 
AGTGTAGTACCCGAGGACAT-3’, AH009593.2, (Galloway 
et al., 2000); GDF9; exon 2: For-5’-GGAGAAAAGGGA-
CAGAAGC-3’ and Rev- 5’-ACGACAGGTACACTTAGT-3’, 
(Silva et al., 2010); 10 µM; IDT®, Illinois, USA), and treha-
lose dihydrate at 10% (Merck© KGaA 64271, Darmstadt, 
Germany). The tubes containing the fragments of the pro-
cessed card and reaction mixture were placed in a Biome-
tra® thermal cycler. The amplification conditions were as 
follows: BMP15 (exon 1): initial denaturation at 95 °C for 
five min; 35 cycles of denaturation at 95 °C for 30 s, align-

ment at 54 °C for 40 s, and extension at 72 °C for 30 s; 
and a final extension at 72 °C for five min; (exon 2): initial 
denaturation at 94 °C for five min; 35 cycles of denatur-
ation at 94 °C for 30 s, alignment at 54.8 °C for 40 s, and 
extension at 72 °C for 30 s; and a final extension at 72 °C 
for four min. GDF9 (exon 2): initial denaturation at 93 °C 
for three min; 35 cycles of denaturation at 93 °C for 40 s, 
alignment at 56 °C for 40 s, and extension at 72 °C for 40 
s; and a final extension at 72 °C for five min. The amplicons 
were separated by electrophoresis on a 1% agarose gel in 
Tris-borate-EDTA running buffer at 1% (TBE; IBI Scientific, 
Dubuque, Iowa, USA) at 80 volts for 40 min. A molecular 
marker of 250-10000 bp was used (Promega©, Madison, 
Wisconsin, USA). The gel was stained with Gel Red® (Bio-

Gene Mutation Primer Sequence 5´    3´ Product size (bp)

GDF9

G4

IF(G) 296 TTCACATGTCTGTAAATTTTACATGTGAGG 325

M= 212,  
W= 261, 
C= 417, 
TA= 50 °C"

IR(A) 350 GCTGAAGATGCTGCAGCTGGTCGTT 325

OF 90 CAACAACTCCATTTCTTTTCCCTTTCCTG 118

OR 506 TAGGCAGATAGCCCTCTC TTCTGGTCAG 479

G6

IF(A) 573 CAGCTCTGAATTGAAGAAGCCTCGGA 598

M= 193,  
W= 223, 
C= 362, 
TA= 52 °C"

IR(G) 625 ATTCACTCAGATTGACTGAAGCTGGCAC 598

OF 403 TATCTGAACGACACAAGTGCTCAGGCTT 430

OR 764 CTGGGACAGTCCCCTTTACAGTATCGAG 737

G8

IF(T) 763 AGGGCGGTCGGACATCGGTATGGATT 788

M= 146,  
W= 108,  
C= 198, 
TA= 55 °C"

IR(C) 817 TGATGTTCTGCACCATGGTGTGAACCGTAG 788

OF 710 GGATTGTGGCCCCACACAAATACAACCC 737

OR 907 CATCAGGCTCGATGGCCAAAACACTCAA 880

BMP15

Fec XG

IF (C) 363 CTTCTTGTTACTGTATTTCAATGACAATC 391

M= 112,  
W= 102,  
C= 158, 
TA= 48 °C"

IR (T) 417 GAGAGGTTTGGTCTTCTGAACACTATA 391

OF 306 AAGAGGTAGTGAGGTTCTTGAGTTCT 331

OR 463 AGAGAAGAGAAGGGTCTTTTTCTGTA 438

Fec XL

IF (A) 606 TGCTCCCCATCTCTATACCCCAAACTAATA 635

M= 204,  
W= 252,  
C= 398, 
TA= 52 °C"

IR (G) 662 TGTAGTACCCGAGGACATACTCCCTGAC 635

OF 411 ACCTCTCCCTAAAGGCCTGAAAGAGTTT 438

OR 808 ACAAGATACTCCCATTTGCCTCAATCAG 781
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tium, Hayward, California, USA), which was then added to 
the agarose gel. Three µL of the amplicon plus three µL of 
Green GoTaq® Flexi buffer (Promega©, Madison, Wiscon-
sin, USA) were added to each well. The gel was visualized 
using a Quantum® photo-documenter with the Vision 
Capt® software. Finally, once the appearance of the genes 
in the agarose gel was confirmed, the amplicons obtained 
(10 µL) were sent to MACROGEN© (Seoul, South Korea) 
for cleaning and sequencing. The primers were the same 
as those used for the amplification of each gene.

Bioinformatic analysis of sequences
The quality of the sequences was analyzed using the 

software Sequencher® version 5.4.6 (Gene Codes Cor-
poration, Ann Arbor, MI, USA, http://www.genecodes.
com). From the sequences of each gene, a search was per-
formed using Nucleotide BLAST of the National Center 
for Biotechnology Information, and those that presented 
the greatest similarity with those of this study were se-
lected: for the BMP15 gene, AH009593.2 and KT238844.1, 
whereas for GDF9, AF078545.2, and HE866499.1. From 
the sequences of each exon, together with the reference 
sequences, alignment was conducted to determine the 

degree of similarity and to detect mutations with their 
genotypes, using the MUSCLE® algorithm (Edgar, 2004) in 
MEGA 7® (Molecular Evolutionary Genetics Analysis, Ku-
mar et al., 2016).

RESULTS AND DISCUSSION

Polymorphisms and genotypes in the GDF9 and BMP15 
genes revealed by T-ARMS-PCR

In this study, the T-ARMS-PCR methodology allowed 
the identification of two specific mutations known in exon 
2 of the gene GDF9, since fragments of 261 bp (in five 
out of 60 sheep) and 212 bp (in 57 out of 60 sheep) were 
identified for the polymorphism G4, and 223 bp (in 30 out 
of 60 sheep) and 193 bp (in 30 out of 60 sheep) for G6, 
respectively (Figure 1). In addition, none of the sheep pre-
sented a heterozygous genotype for these two variants. 
Polymorphism G8 was not detected in the present study. 
On the other hand, in gene BMP15, only the wild forms of 
FecXG and FecXL polymorphisms were detected when am-
plifying fragments of 102 and 252 bp, respectively (Figure 
1).

Figure 1. Polymorphisms and genotypes in the genes GDF9 and BMP15 identified by T-ARMS-PCR in Pelibuey ewes (MM= 
molecular marker). Polymorphism G4 with the genotypes a) wild (lanes 1 to 5: ewes with a fragment of 261 bp and control 
417 bp) and b) mutated (lanes 6 to 9: ewes with a fragment of 212 bp). Polymorphism G6 with the genotypes c) wild (lanes 10 
to 13: ewes with a fragment of 223 bp and control 362 bp) and d) mutated (lanes 14 to 17: ewes with a fragment of 193 bp). 
Polymorphism FecXG in the wild form e) (lanes 18 to 22: ewes with a fragment of 102 bp, control 158 bp), and FecXL in the wild 
form f) (lanes 23 to 27: ewes with a fragment of 252 bp).

Polymorphisms and genotypes in the GDF9 and BMP15 
genes identified by sequencing

The sequences in this study had a similarity of 99.32 
- 99.77% for BMP15 and 99.67 - 99.45% for GDF9, with 
the sequences AH009593.2 and KT238844.1 for BMP15, 
and AF078545.2, and HE866499.1 for GDF9, respectively. 
Alignment of the sequences of gene BMP15 from this study 

with those of the reference (AH009593.2, KT238844.1) did 
not reveal any change or mutation. The sequences from 
this study aligned with those of the reference (AF078545.2, 
HE866499.1) allowed the identification of SNP G4 and G6 
in exon 2 of GDF9. In G4, guanine was substituted with ad-
enine at position 721 (721 G→A) while, in G6, guanine was 
replaced with adenine at position 994 (994 G→A) (Figure 
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2). Likewise, this analysis confirmed the identification of 
wild-type and mutated genotypes in Pelibuey ewes. It is 
important to mention that ewes were not found to have 

the heterozygous genotype in polymorphisms G4 and 
G6 (Figure 2), nor was the mutation G8 found using this 
methodology.

Figure 2. Electropherograms of SNP G4 and G6 obtained by sequencing exon 2 of the GDF9 gene in Pelibuey ewes. Polymor-
phisms G4 with a) wild and b) mutated genotypes, and G6 with c) wild and d) mutated genotypes.

In polymorphism G4, mutant and wild alleles were de-
tected with allelic frequencies of 0.08 and 0.92 while, in 
G6, wild and mutant alleles with allelic frequencies of 0.5, 
and 0.5, respectively, were detected.

SNP are changes or mutations in a nitrogenous base in 
the DNA sequence that can be used as molecular markers 
(Ahlawat et al., 2014). Currently, SNP are used to identify 
allelic variants and their genotypes (Ahlawat et al., 2014; 
Niciura et al., 2018). In this study, T-ARMS-PCR allowed 
the identification of polymorphism G4, and in the geno-
typing of the SNP, 5% of the sheep presented the mutant 
genotype and 95% of the wild-type genotype. Likewise, 
polymorphism G6 was found in the genotype of the SNP, 
where 50% of the ewes had the wild-type genotype and 
the other 50% had the mutated or carrier genotype. The 
results obtained using the T-ARMS-PCR methodology in 
this study are in agreement with those reported by Pol-
ley et al. (2010), Roy et al. (2011), Dash et al. (2017), and 
Aboelhassan et al. (2021). The results of this study suggest 
that Pelibuey ewe is polymorphic in the specific G4 and G6 
mutations of GDF9. It is important to mention that the 
polymorphism G8 was not found in sheep in this study, 
and the absence of this allelic variant suggests that it was 
not present in ewes.

On the other hand, polymorphisms were not found in 
the gene BMP15 using the T-ARMS-PCR methodology; only 
the wild variants of the SNP FecXG and FecXL were ampli-
fied in Pelibuey ewes. The results of this study support 
those reported by Polley et al. (2010) for Garole sheep, 
Roy et al. (2011) for Bonpala sheep, and Aboelhassan et al. 
(2021) for five Egyptian sheep breeds. However, they differ 
from those reported by Argüello-Hernández et al. (2014), 
who used the same methodology in sheep of Pelibuey 
breed. The lack of mutations in the gene BMP15 in sheep in 
this study was perhaps because this gene is monomorphic 

and the wild allele is probably the one that predominates 
in these sheep (Salazar-Montes et al., 2013).

Sequence analysis of GDF9 and BMP15 showed an aver-
age 99.5% similarity with the sheep sequences reported in 
NCBI GenBank, suggesting that the sequences obtained 
in this study are broadly equal to those of other sheep. 
When comparing the sequences from exon 2 of GDF9 ob-
tained in this study with the reference sequences (acces-
sion AF078545.2 and HE866499.1), polymorphisms G4 and 
G6 were found. In the genotyping of these SNP, only the 
wild-type and mutated (homozygous) forms were found 
for each variant. In this study, the G4 and G6 polymor-
phisms identified through sequencing agreed with those 
reported in sheep of the Belclare, Cambridge, Mehraban 
(Hanrahan et al., 2004; Ahmadi et al., 2016), and Barki, Os-
seimi, Rahmani, Saudanez, and Awassi (Aboelhassan et al., 
2021) breeds. Mutations were not found in the two cod-
ifying regions of BMP15 (exons 1 and 2), according to the 
sequence analysis of this study compared to those of the 
reference (accession AH009593.2 and KT238844.1).

It should be noted that in both the T-ARMS-PCR meth-
odology and sequencing, sheep were not found to have the 
heterozygous genotype in GDF9. The absence of heterosis 
in polymorphisms G4 and G6 in Pelibuey sheep indicates 
low genetic variation, which could be due to the Wahlund 
effect, which refers to a sub-population structure, mix-
ture of populations, or possible endogamy, or may also 
be due to reduced flock (Kumar et al., 2007). The results 
obtained by the T-ARMS-PCR methodology in the search 
for and genotyping of polymorphisms were confirmed 
and validated with the results of sequencing DNA samples 
obtained from the same ewes of the Pelibuey breed. The 
results obtained by T-ARMS-PCR did not differ from those 
obtained by sequencing BMP15 and GDF9. Finally, T-ARMS-
PCR is a simple, fast, and easy methodology used to search 
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for SNP and genotypes in sheep, according to Polley et al. 
(2010), Niciura et al. (2018), and Aboelhassan et al. (2021). 
T-ARMS-PCR methodology and sequencing both allowed 
the identification of SNP and grouping of ewes of the Pel-
ibuey breed according to their genotype.

CONCLUSION

The T-ARMS-PCR methodology allowed the identifi-
cation of polymorphisms G4 and G6 and their wild-type 
and mutated genotypes in GDF9; however, sheep with the 
heterozygous genotype were not found, and no polymor-
phisms were found in the gene BMP15. This methodology 
was found to be rapid, reliable, and easy to apply for iden-

tifying SNP of interest. 
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ABSTRACT. Knowing the diagnostic value of radiological patellofemoral parameters is important for evaluating the 
status of small-breed dogs with medial patellar luxation (MPL). This retrospective survey was conducted in four small 
dog breeds (Mini Pinscher, Pomeranian, Chihuahua, and Yorkshire terrier) on 46 healthy stifle joints and 72 joints with 
grade II and III MPL. The following morphometric parameters were measured on tangential radiographs: trochlear sulcus 
angle, lateral and medial trochlear inclination angles, trochlear depth, horizontal and vertical patellar diameters, length 
of the lateral and medial patellar facets, lateral and medial facet angles, Wiberg angle, congruence angle, and axial linear 
patellar displacement. Receiver operating characteristic (ROC) analysis was performed to evaluate the cut-off values, 
sensitivity, and specificity of the parameters associated with MPL. The trochlear sulcus angle and trochlear depth were 
capable of consistently identifying the MPL-affected joints (AUCs > 0.9). The parameters describing the position of the 
patella within the trochlear groove (congruence angle and axial linear patellar displacement) were found to be the most 
accurate, with an AUC of over 0.990 and a sensitivity/specificity of over 94%. The patellar morphology parameters had 
no diagnostic value in distinguishing between healthy and MPL stifles. 

Keywords: patella; luxation; radiology; ROC analysis; trochlea; morphology; congruence.

INTRODUCTION

Medial patellar luxation (MPL) is a common ortho-
paedic condition in dogs (Di Dona et al., 2018). Howev-
er, its pathogenesis is still not completely understood. 
Most cases are considered developmental, with anatom-
ical deformities leading to pelvic limb malalignment and 
stifle extensor mechanism deficiency, such as coxa vara/
valga, smaller anteversion angle, distal external femoral 
torsion, internal proximal tibial torsion, patella alta, and 
shallow trochlear groove (Perry & Dejardin, 2021; Sasaki 
et al., 2022). The breed is the most significant risk factor 
for the development of MPL (Kalff et al., 2014). Dogs from 
small breeds are about 12 times more susceptible than 
large breeds, particularly Pomeranians, Yorkshire Terriers, 
Chihuahuas, Poodles, Bichons and Pinschers (Bound et al., 
2009; O’Neill et al., 2016). 

Medial patellar luxation in dogs can develop without 
clinical signs. Assessment of the possibility of its progres-
sion to clinical disease is valuable for dog owners with 
regard to informed decision making regarding pet health 
(Farrell, 2022). The diagnosis is routinely based on clinical 
signs and imaging findings (Linney et al., 2011). The results 
of the orthopedic examination, however, depend strong-
ly on the experience of veterinarians in diagnosing MPL, 
especially in grade II cases when the patella may only be 
temporarily located within the sulcus. 

Apart from identification of the patellar position within 
the trochlear groove, radiography of the stifle joints with 

MPL may confirm or reject the presence of secondary os-
teoarthritis and cranial cruciate ligament damage. Accu-
rate and sensitive radiological parameters are, therefore, 
important for assessing the condition of bone structures 
and making adequate decisions regarding the necessary 
surgical intervention (Marino & Loughlin, 2010). 

Receiver operating characteristic (ROC) analysis is an 
approved method for evaluating and comparing the di-
agnostic value of radiological examinations (van Erkel & 
Pattynama, 1998). Over the past decade, it has been in-
creasingly used not only in radiology but also in clinical 
biochemistry (Glazkov et al., 2020; Nahm, 2022). ROC 
analysis was designed to assess the overall diagnostic per-
formance of a test, to determine an object from the study 
sample as either positive or negative based on a specific 
classifier, and to calculate the optimal cut-off value show-
ing the best diagnostic performance. ROC curves were 
also used to compare the performance of two or more 
diagnostic tests. 

In human medicine, there are numerous studies on pa-
tellofemoral diagnostic imaging parameters, and the use 
of ROC analysis to outline those that seem most relevant 
in the diagnosis of patellar instability (Ridley et al., 2016; 
Prakash et al., 2016; Geraghty et al., 2022; Kim & Parikh, 
2022). To date, in dogs, ROC analysis data on sensitivity, 
specificity, and cut-off values have been reported only for 
trochlear groove morphometric parameters in small and 
large breeds (Longo et al., 2023) and proximodistal patellar 
position indices (Murakami et al., 2023); however, there 
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are no data on parameters of patellar morphology and pa-
tellofemoral alignment. This information seems valuable, 
as lameness affecting the opposite limb might have been 
missed in cases of bilateral MPL. In addition, half of the 
asymptomatic dogs with grade II MPL have been reported 
to develop chronic lameness or require surgery later in life 
(Hamilton et al., 2020).

The aim of this retrospective tangential radiological 
study was to identify parameters of trochlear anatomy, pa-
tellar anatomy, and patellofemoral congruence that differ 
significantly between healthy small-breed dogs and dogs 
with medial patellar luxation grades II and III, their cut-off 
values, and to assess their clinical diagnostic usefulness.

MATERIAL AND METHODS

Study cohort 
The present single-observer retrospective survey was 

performed using tangential radiographs of 46 healthy sti-
fle joints and 72 joints with grade II and III medial patellar 
luxation. All animals were of four small breeds: Mini Pin-
scher, Pomeranian, Chihuahua, and Yorkshire terrier. 

The control group included 23 dogs (10 female and 13 
male) who were referred to the clinic for prophylactic 
orthopedic examination or for minor interventions re-
quiring anesthesia, mostly dental procedures. The median 
age of the dogs at the first presentation was 12 months 
(range, 8–28 months), and the median body weight was 
2.6 kg (from 0.9–4.0 kg). The breed distribution was 12 
Mini Pinschers, four (4) Pomeranians, three (3) Chihua-
huas, and four (4) Yorkshire terriers. Both limbs of the an-
imals were radiographed and measured, and 24 healthy 
stifles were examined from Mini Pinschers, eight (8) from 
Pomeranians, six (6) from Chihuahuas, and eight (8) from 
Yorkshire terriers. The inclusion criteria for the healthy 
joint group were a negative patellar displacement test (for 
detection of patellar subluxation or ligament laxity) and 
dancing patella test (for detection of joint effusion), as de-
scribed by Verez-Fraguela et al. (2017), symmetrical femo-
ral and gluteal muscles of both limbs, and lack of signs of 
long-term proprioceptive dysfunction.  

The medial patellar luxation group included 43 dogs 
(17 Mini Pinschers, 12 Pomeranians, 10 Chihuahuas, and 4 
Yorkshire terriers) diagnosed by physical examination and 
radiography. The MPL grade was determined according 
to Putnam’s routine clinical classification – 41 of joints as 
grade II MPL and the other 31 as grade III MPL. In dogs 
with bilateral luxation, both stifles were included, whereas 
only the affected joint was included in dogs with unilater-
al luxation. Dogs were of similar age (median; range – 14 
months; 9-72 months) and body weight (median; range 
– 2.7 kg; 1-5.7 kg) as controls. The male-to-female ratio 
was 18/25. Of the 72 stifle joints from the MPL group, 44 
were from female dogs and 28 were from male dogs. The 
breed distribution was 30 joints from Mini Pinschers, 19 
joints from Pomeranians, 18 joints from Chihuahuas, and 

five (5) joints from Yorkshire terriers. Informed consent 
was obtained from the owners of all patients involved in 
the study.

Measurements
After sedation, radiographs were obtained in a tan-

gential (skyline) view using Bucky Diagnost CS4 stationary 
X-ray equipment (Philips, Bucky Diagnost CS4, Holland) 
with an iQ-CR ACE acquisition station and iQ-VIEW/PRO 
version 2.7. software. The exposure data was uniform at 
50 kV and 10 mA. Patients were positioned according to 
the vertical position of the X-ray tube; in ventral recum-
bency, the examined stifle was flexed as much as possible. 
After palpation of the distal femur and patella, the X-ray 
beam was centered at the distal femur level between the 
condyles. All measurements were performed by a single 
observer using the image analysis system of the X-ray 
equipment software. 

The morphometric parameters selected for the evalua-
tion of trochlear morphology were trochlear sulcus angle 
(Brattstroem, 1964), lateral and medial trochlear inclination 
angles (Laurin et al., 1978), and trochlear depth (Pfirrmann 
et al., 2000) (Figure 1). Patellar morphology was assessed 
using the horizontal and vertical patellar diameters (Stau-
bli et al., 1999), length of the lateral and medial patellar fac-
ets (Wiberg, 1941), lateral and medial facet angles (Jimenez 
et al., 2021), and Wiberg angle (Wiberg, 1941) (Figure 2). 
Two parameters, congruence angle (Merchant et al., 1974) 
and axial linear patellar displacement (Urch et al., 2009), 
were used to describe patellofemoral alignment in the ax-
ial plane (Figure 3).

Statistical analysis 
The measurements are reported as median values and 

the minimum-maximum range. The Shapiro-Wilk test was 
used to evaluate the normality of data distribution. The 
Mann-Whitney U-test was used to compare the differ-
ences in numerical parameters between healthy joints and 
joints with medial patellar luxation at a level of P < 0.05. 
The Chi-square test was used to assess the association 
between MPL and categorical variables (sex and breed). 
A non-parametric receiver operating characteristic (ROC) 
curve analysis was performed using the recommended al-
gorithm of DeLong et al. (1988) to calculate optimal cut-
off values of parameters distinguishing healthy and medial 
patellar luxation joints on the basis of the Youden J statis-
tic, the areas under the ROC curves (AUCs) as measures 
of diagnostic parameter accuracy, and the sensitivity and 
specificity of classifiers. The interpretation of the AUC as 
a measure of diagnostic accuracy was as follows: 0.90–1: 
excellent diagnostic test; 0.80–0.90: good diagnostic test; 
0.70–0.80: fair diagnostic test; 0.60–0.70: poor diagnostic 
test; and 0.50–0.60: fail (Nahm, 2022). All statistical analy-
ses were performed using MedCalc 15.8 (Belgium).
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Figure 1. Tangential view of normal Pomeranian stifle. A) The sulcus angle (   AOB) is formed by lines connecting the lateral 
and medial femoral condyles with the trochlear bottom. The lateral (   BOD) and medial (   AOC) trochlear inclination angles 
are formed by the lines tangential to the posterior condyle (CD) and the line passing from the sulcus center to the lateral 
(BO) and medial (AO) condyles; B) trochlear depth (AB) is the segment between the point of interception of the line passing 
through both trochlear facets (a) and the perpendicular line drawn from the trochlear bottom.

Figure 2. Tangential view of a normal Pomeranian stifle. A) The Wiberg angle (   AOB) is formed by the medial and the lateral 
patellar facet tangents. The length between the most medial and the most lateral patellar edges corresponds to the horizontal 
patellar diameter (l), and the length between the farthest anterior and posterior patellar poles corresponds to the vertical 
patellar diameter or height (h); B) the lateral patellar facet angle is formed between the patellar horizontal diameter (line a) 
and the lateral patellar facet tangent (c); the medial patellar facet angle is formed between line a and the medial patellar facet 
tangent (b); C) lateral (ab) and medial (bc) patellar facets were measured from the patellar apex to the most lateral and medial 
edges of the patella, respectively.

Figure 3. Tangential view of a Chihuahua stifle with grade II luxation. A) The congruence angle (   DBD`) is formed between 
the sulcus angle bisector (BD) and the line passing through the trochlear bottom and the most posterior patellar edge (BD`); 
B) linear axial patellar displacement is the distance between two perpendiculars to the line connecting the femoral condyles 
(a): one from the trochlear groove bottom (c) and another from the most posterior patellar edge (b).
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RESULTS

Analysis of the association between signalment data 
and the presence/absence of MPL showed no statistically 
significant effects of breed (P = 0.42), age (P = 0.09), or 
sex (P = 0.38). 

The patellofemoral parameters measured in both joint 
groups are presented in Table 1. All the studied parame-
ters of trochlear anatomy and patellofemoral alignment 
were significantly different between the groups. Among 
the patellar morphological parameters, the horizontal 
patellar diameter, lateral patellar facet length, and lateral 
patellar facet angle did not demonstrate significant be-
tween-group differences (Table 1).

The results of the ROC analysis (Table 2) showed that 
the sulcus angle and trochlear depth had excellent diag-
nostic value, as seen from the areas under the ROC curve 

Figure 4. ROC curves of sulcus angle (AUC = 0.920; P < 
0.001) and trochlear depth (AUC = 0.956; P < 0.001) as 
trochlear morphology parameters distinguishing healthy 
from MPL-affected joints.

Figure 5. ROC curves of the congruence angle (AUC = 
1.000; P < 0.001), axial linear patellar displacement (AUC 
= 0.990; P < 0.001), medial facet length (AUC = 0.991; P < 
0.001), and medial facet angle (AUC = 0.956; P < 0.001) as 
patellofemoral alignment parameters distinguishing healthy 
joints from MPL-affected joints.

(AUCs) (Figure 4). The cut-offs of these parameters had a 
sensitivity of over 90% (92.45% for sulcus angle and 98.1% 
for trochlear depth); therefore, they were deemed capable 
of reliably distinguishing medial patellar luxation joints. 
The lateral and medial inclination angles were defined as 
poor diagnostic classifiers.

The parameters of patellar morphology did not have high 
diagnostic value, as their AUC values corresponded to the 
definition of a poor diagnostic test, except for the Wiberg 
angle, which was interpreted as a fair diagnostic test. 

According to the results, the two indices of patellofem-
oral alignment in the axial plane (congruence angle and 
axial linear patellar displacement) corresponded to the 
definition of excellent diagnostic tests. The congruence 
angle exhibited maximum sensitivity and specificity of 
100% (Table 2, Figure 5).

DISCUSSION

In dogs from small breeds, patellar luxation occurs as 
a consequence of complex morphological musculoskele-
tal abnormalities affecting the entire pelvic limb, but the 
pathogenetic role of the shallow trochlear groove (Longo et 
al., 2023) and medial femoral condyle hypoplasia (Garnoeva, 
2021) is thought to be the leading cause. Therefore, tangen-
tial radiographs of canine stifles are preferred for satisfacto-
ry evaluation of trochlear groove depth and shape.

In diagnostic practice, the aim of ROC analysis is to 
choose objective parameters that will yield maximum true 
positives and true negatives and minimize false positive 
and false negative results. The sensitivity of a parameter 
is a measure of its ability to correctly identify pathological 
states (in our case, the presence of medial patellar lux-
ation) and its specificity to correctly identify the lack of 
pathology. In a clinical setting, it is especially important 
not to “miss” positive cases and to reduce false-negative 
results as much as possible.
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AUC Cut-off  value Cut-off sensitivity Cut-off  specificity

Trochlear parameters

Sulcus angle (o) 0.920*** > 129 92.45 86.96

Lateral trochlear inclination angle (o) 0.763*** ≤ 25 58.49 86.96

Medial trochlear inclination angle (o) 0.723** ≤ 23 54.72 84.78

Trochlear depth (mm) 0.956*** < 1.6 98.1 91.3

Patellar parameters

Patellar thickness (mm) 0.678*** ≤ 3.7 97.14 32.61

Medial patellar facet  angle (o) 0.620* > 37 54.29 65.22

Medial patellar facet length (mm) 0.642* < 2.7 68.57 65.22

Wiberg angle (o) 0.738*** < 129 58.57 76.09

Patellofemoral alignment parameters

Congruence angle (o) 1.000*** ≤ -14 100 100

Axial patellar displacement (mm) 0.991*** > 0.7 94.59 97.73

Table 2. Areas under the ROC curves (AUC), cut-off values, sensitivity, and specificity of the studied patellofemoral parameters.

Table 1. Trochlear, patellar, and patellofemoral alignment parameters in both joint groups. Values are presented as medi-
ans (ranges).

* P < 0.05; ** P < 0.01; *** P < 0.001.

"Healthy joints (n = 46)" "MPL joints  (n = 72)" P

Trochlear parameters

Lateral trochlear inclination angle (o) 29.5 (12.0-39.0) 25.0 (11.0-35.0) < 0.0001

Medial trochlear inclination angle (o) 28.0 (14.0-35.0) 23.0 (9.0-32.0 0.0002

Sulcus angle (o) 122.0 (112.0-153.0) 136.0 (126.0-160.0) < 0.0001

Trochlear depth (mm) 2.2 (0.7-3.1) 1.1 (0.5-1.9) < 0.0001

Patellar parameters

Horizontal patellar diameter (mm) 5.1 (2.7-7.6) 5.3 (2.5-6.6) 0.6493

Lateral patellar facet angle (o) 37.0 (26.0-52.0) 36.0 (28.0-69.0) 0.8809

Lateral patellar facet length (mm) 2.6 (1.7-4.4) 2.8 (1.3-4.3) 0.4741

Medial patellar facet angle (o) 34.0 (18.0-51.0) 38.0 (28.0-58.0) 0.0285

Medial patellar facet length (mm) 2.6 (1.6-4.8) 3.0 (1.0-4.1) 0.0099

Patellar thickness (mm) 3.1 (1.8-5.0) 2.8 (1.3-4.1) 0.0012

Wiberg angle (o) 123.0 (112.0-136.0) 131.0 (110.0-178.0) < 0.0001

Patellofemoral alignment parameters

Axial linear patellar displacement (mm) 0.2 (0.1-0.8) 1.2 (0.3-11.5) < 0.0001

Congruence angle (o) -3.0 (-10.0 to -1.00) -30.5 (-123.0 to -14.0) < 0.0001
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AUC is widely used to measure the accuracy of diagnos-
tic tests. The ROC curves closer to the upper-left corner 
of the graph denote the tests with higher accuracy. The 
ideal ROC curve had an AUC of 1.0. Curves closer to the 
45° diagonal were considered to have low accuracy and 
were meaningless diagnostic tools. Therefore, in gener-
al, acceptable classifiers must have AUCs greater than 0.8 
(Nahm, 2022).

In human medicine, many studies have performed ROC 
analysis on patellofemoral parameters associated with pa-
tellar luxation to report their cut-off values, sensitivity, 
and specificity (Hedgecock et al., 2022; Geraghty et al., 
2022; Kim & Parikh, 2022). In canine orthopaedics, ROC 
analysis has been used to evaluate parameters related to 
developmental diseases, such as hip dysplasia (Gaspar et 
al., 2016) and medial elbow coronoid disease (Hersh-Boyle 
et al., 2021). In dogs with patellar luxation, only the cut-
off values of femoral trochlear morphological parameters 
(Longo et al., 2023) and indices of proximodistal patellar 
position (Murakami et al., 2023) have been reported.

In the CT study by Longo et al. (2023), the cut-off value 
for sulcus angle in small-breed dogs was > 134°, with a 
sensitivity and specificity of 80% and 100%, respective-
ly. These values were comparable to those in the present 
tangential X-ray study: the cutoff value for the sulcus an-
gle was > 129°, the sensitivity was 92.45%, and the spec-
ificity was 86.96%. The differences in cutoff values may 
be explained by the different imaging techniques used. A 
similar difference was reported in a comparative study of 
human sulcus angles evaluated by radiography (145°) and 
magnetic resonance imaging (158°), which concluded that, 
although sometimes underestimated, radiography was 
also reliable for the diagnosis of trochlear dysplasia (Don-
aldson et al., 2012).

In a human study, Geraghty et al. (2022) provided in-
formation on the sensitivity and specificity of parameters 
measured on radiographs between 2010 and 2022 to evalu-
ate patellar instability. The results confirmed that trochlear 
depth, sulcus angle, and lateral and medial inclination angles 
were highly sensitive and specific parameters of trochlear 
dysplasia predisposing patients to patellar luxation. 

The present study is the first to evaluate the diagnostic 
value and cutoffs of parameters of patellar morphology and 
patellofemoral alignment in small-breed dogs with medi-
al patellar luxation. The results demonstrated that the best 
diagnostic parameters were those describing the transla-
tion of the patella in the sulcus: congruence angle and lin-
ear axial patellar displacement, both with AUCs over 0.99 
and sensitivity over 94%. The congruence angle showed the 
maximum possible sensitivity and specificity (100% each). 

In men, only a few radiological parameters were found 
to be accurate for diagnosing patellar luxation. In a study of 
1392 stifle joints with patellar luxation and a control group 
of 1525 healthy joints, statistically significant differences 
(P < 0.0001) were observed in the patellar height, later-
al patellar facet angle, and trochlear sulcus angle (Smith 

et al., 2011). The congruence angle showed only a slight 
difference between the healthy and diseased joints. The 
trochlear groove depth was outlined as one of the most 
accurate parameters for patellar instability in an overview 
by Ridley et al. (2016). The high variability between the 
healthy and instability groups as a cause of the low speci-
ficity is discussed. 

In a radiological study to determine the reference val-
ues of patellofemoral parameters in Koreans (Prakash et 
al., 2016), ROC analysis showed that the most important 
indices of patellar instability were trochlear depth (AUC = 
0.852), increased congruence angle (AUC = 0.985) and pa-
tellar tilt (AUC = 0.974). These results are consistent with 
data from the present study.

The limitations of the present study were mainly re-
lated to the small number of dogs in the study cohort. 
A larger number of dogs, both healthy and with patellar 
luxation, would increase the reliability of the results and 
yield more precise deviation thresholds. With data from a 
larger population, breed- and sex-specific thresholds may 
be calculated. Despite efforts to reduce external influenc-
es (use of standardized procedures and protocols, uniform 
exposure data, and regular technical maintenance of radi-
ography equipment), the effects of systemic and random 
observational errors were not investigated in this study. 
The participation of more observers can reduce subjective 
measurement errors owing to the identification of osse-
ous landmarks on radiographs.

CONCLUSION

In dog stifles with medial patellar luxation, the calcula-
tion of indices “sensitivity” and “specificity” allowed defin-
ing optimum cut-offs of diagnostic imaging parameters of 
trochlear morphology and patellofemoral alignment with 
regard to the optimization of therapeutic strategies. 

Of all the analyzed tangential radiological patellofem-
oral parameters, congruence angle, axial linear patellar 
displacement, sulcus angle, and trochlear depth had the 
highest sensitivity and specificity. Based on the areas un-
der the ROC curves, they were determined to be excel-
lent diagnostic tests with AUCs > 0.9. The most sensitive 
parameters were those describing the position of the pa-
tella within the trochlear groove: the congruence angle 
and linear axial patellar displacement, both with AUCs > 
0.99, and sensitivity > 94%, which indicated that they were 
the most reliable for distinguishing stifles of dogs from 
small breeds with medial patellar luxation from healthy 
stifles. The patellar morphology parameters had no practi-
cal diagnostic value. In conclusion, evaluation of trochlear 
groove morphology and patellofemoral alignment on tan-
gential radiographs is recommended in dogs suspected to 
have low-grade medial patellar luxation with respect to 
treatment decision-making, as well as in sexually mature, 
clinically healthy dogs from susceptible small breeds, espe-
cially in breeding animals. 
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ABSTRACT. The detection of serum and urinary proteins is important for normal conditions, but comparisons of indi-
vidual serum and urine proteins are rarely performed. The aim of this study was to examine β2-microglobulin (β2-MG), 
apolipoprotein A-I (ApoA-I), and immunoglobulins (IgG and IgM) in the serum and urine of cats with chronic kidney 
disease and lower urinary tract disease (LUTD), in addition to healthy cats. Serum and urine samples were analyzed by 
sodium dodecyl sulfate–polyacrylamide gel electrophoresis, followed by immunoblotting for β2-MG, ApoA-I, IgG, and 
IgM. The molecular weight of serum β2-MG was greater than the predicted molecular weight (11,472 Da), and different 
types of modified β2-MGs were detected in the urine of healthy and diseased cats, including the original type, in addi-
tion to the grycocylated and partially digested types. Serum and urinary ApoA-I molecular weights were lower than the 
predicted molecular weight (28,943 Da), and high levels of urinary ApoA-I were detected in LUTD cats, although urinary 
ApoA-I was not detected in healthy cats. Under non-reducing conditions, the H-chains of urinary IgM pentamers and 
IgG monomers were detected in healthy cats. These results suggest that urinary β2-MG is modified in a different manner 
from serum β2-MG, urinary ApoA-I is a potential marker of LUTD, and urinary IgM pentamer, IgG monomer, and their 
H-chains are found after glomerular filtration, even in healthy conditions.

Keywords: apolipoprotein A-I, immunoglobulins, serum, urine, β2-microglobulin.

INTRODUCTION

In felines, detection of urinary proteins is important for 
the diagnosis of kidney disease. Although large amounts 
of albumin (67 kDa) are present in the plasma of cats, 
levels are negligible in the glomerular filtrate due to se-
lective glomerular permeability, and the small quantity 
of albumin in the glomerular filtrate is almost completely 
reabsorbed by the proximal tubular epithelial cells, result-
ing in a detection level of < 1 mg/dL in normal urine (Ko-
varikova, 2015). β2-Microglobulin (β2-MG), composed of 
a single polypeptide with a molecular weight of 11.8 kDa, 
is associated with major histocompatibility complex I on 
the surface of all nucleated cells (Argyropoulos et al., 2017; 
Cobbin et al., 2013). Glomerular-filtered β2-MG is reab-
sorbed and catabolized in proximal convoluted tubules 
(Argyropoulos et al., 2017). Impairment of this system is 
used to diagnose kidney disease based on the presence of 
β2-MG in the urinary protein because of the lack of en-
docytosis mediated by the megalin-cubilin complex (Argy-
ropoulos et al., 2017; Cobbin et al., 2013). Urinary β2-MG 
is thought to be glycosylated based on the detection of 
multiple proteins compared to recombinant feline β2-MG 
(Hoshi, 2014). However, the mechanism of circulating β2-
MG glycosylation has not been fully characterized. Apoli-

poprotein A-I (ApoA-I), with a molecular weight of 28 kDa, 
is the primary high-density lipoprotein (HDL). ApoA-I is 
reabsorbed after glomerular filtration by tubular epithelial 
cells via Apo and HDL receptors and transporters (Clark 
et al., 2019; Nielsen et al., 2016). In humans, children with 
kidney disease have detectable levels of urinary ApoA-I 
depending on the underlying disease (Clark et al., 2019).

Immunoglobulin G (IgG), which has a high molecular 
weight (160 kDa), can enter the urine in some amounts via 
neonatal Fc receptor–mediated transcytosis that occurs in 
the glomerular basement membrane (Akilesh et al., 2008), 
but can be a marker of glomerular impairment (Kovariko-
va, 2015). 

Kidney and lower urinary tract diseases (LUTDs) are 
common in cats; therefore, it is important to accurate-
ly diagnose acute and chronic renal diseases (Kovariko-
va, 2015; Gomes et al., 2018; Lekcharoensuk et al., 2001). 
Acute kidney injury (AKI) causes sudden renal dysfunction 
leading to acute renal failure, which is associated with high 
morbidity and mortality rates (Kovarikova, 2015). Chronic 
kidney disease (CKD) is diagnosed in 15-30% of geriatric 
cats, and its prevalence increases in cats over 15 years of 
age (Brown et al., 2016; Cobbin et al., 2013). A considerable 
amount of data is available regarding the detection of uri-
nary proteins as a means of diagnosing common kidney 

https://doi.org/10.4206/ajvs.553.06
mailto:orino@vmas.kitasato-u.ac.jp


198

Katagi, et al. (2023) Austral J Vet Sci 55, 197-202

Austral Journal of Veterinary Science

diseases in felines during the early stages of the disease, 
but there is relatively limited data concerning compari-
sons of serum and urinary proteins in individual normal 
cats. To further characterize the differences in specific 
proteins (β2-MG, ApoA-I, IgG, and IgM) between serum 
and urine, these proteins were characterized using serum 
and urinary samples from normal cats, including CKD and 
LUTD cats.

MATERIALS AND METHODS

Chemicals
Rabbit anti-human β2-MG and ApoA-I antibodies were 

purchased from Abcam (Cambridge, MA, USA) due to im-
munological cross-reactions between humans and cats and 
Proteintech Group Inc. (Chicago, IL, USA), respectively. 
Polyclonal goat antibodies specific for cat IgG Fc fragment 
and IgM were purchased from Bethyl Laboratories (Mont-
gomery, TX, USA). Alkaline phosphatase (ALP)-conjugated 
rabbit and goat IgG antibodies were purchased from MP 
Biomedicals (Irvine, CA, USA) and Southern Biotechnology 
Associates, Inc. (Birmingham, AL, USA), respectively. Bo-
vine serum albumin (BSA) was purchased from Roche Life 
Sciences, Inc. (San Francisco, CA, USA). All other reagents 
were of analytical grade.

Blood and urine 
The following cat breeds were used in this study: Amer-

ican shorthair, Japanese cat (domestic short hair), Maine 
Coon, Siamese, and mixed. Serum and urine samples were 
collected by centrifugation after collecting blood and 
urine directly into sterilized tubes from 12 healthy cats, 
including five kittens, four cats with CKD, and three cats 
with LUTD, as diagnosed by veterinarians. The concentra-
tion of protein in the urine was determined using a Pierce 
BCA protein assay kit according to the microtiter method, 
with BSA as the standard. All experiments were conduct-
ed following the established guidelines for animal welfare 
and approved by the Committee on the Ethics of Animal 
Experiments of Kitasato University (permit No.:20-048).

Sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) and immunoblotting

Serum and urine samples were appropriately diluted 
with phosphate-buffered saline (150 mM NaCl, 20 mM so-
dium phosphate [pH 7.2]) and sample buffer with or with-
out 40 mM dithiothreitol (DTT) was added. SDS-PAGE was 
performed according to the method described by Laem-
mli (1970) using a 4.5% stacking gel and a 12% running gel.

The amount of protein loaded on the SDS-PAGE gels 
varied from 4.8 µg/lane to 3.2 µg/lane for serum samples 
and from 4.0 µg/lane to 0.68 µg/lane for urine samples, 
which serum and urine samples were diluted finally 20-
fold and 1.25-fold diluted. 

Proteins separated by SDS-PAGE were transferred onto 
polyvinylidene fluoride membranes at 12 V for 12 min using 

an Invitrogen iBlot 2 Gel Transfer Device (Carlsbad, CA, USA). 
Briefly, the transferred proteins were incubated with rabbit 
anti-human β2-MG and ApoA-I antibodies, goat anti-cat IgG 
Fc fragment, and IgM, followed by ALP-conjugated polyclonal 
antibodies specific for rabbit or goat IgG (Fc) to detect pri-
mary antibodies. ALP-conjugated antibodies bound on the 
membrane were detected using 100 mM Tris-HCl (pH 7.6) 
containing 5 mM MgCl2, 0.39 mM nitro blue tetrazolium, and 
0.38 mM 5-bromo-4-chloro-3-indolylphosphate.

RESULTS AND DISCUSSION

Table 1 shows the results of the biochemical character-
ization of serum and urine samples from 12 healthy cats 
(Nos. 1-12), four cats (Nos. 13-16) with CKD, and three 
cats (Nos. 17-19) with LUTD. Except for cat No. 6, the 
healthy cats exhibited no azotemia based on either one 
or both of the following IRIS guideline criteria: serum 
creatinine ≤ 1.6 mg/dL and/or SDMA < 14 µg/dL (Hall et 
al., 2018), the blood urea nitrogen (BUN) level of healthy 
cats was within the reference range (17-39 mg/dL) (Hall 
et al., 2018). CKD was diagnosed based on serum creatinine 
levels of > 2.3 mg/dL (Boyd et al., 2008; Ernst et al., 2018).

β2-MG in the serum samples of 12 healthy cats was de-
tected as a single band (17 kDa) by SDS-PAGE under re-
ducing conditions via immunological cross-reaction with 
human β2-MG. The molecular weight of serum β2-MG 
was higher than that calculated based on its amino acid 
sequence (11,472 Da; accession no.: NM_001009876.1). In 
this study, the detection of β2-MG bands in Nos. 5 and 
6 is shown as representative data, including all bands de-
tected as described below (Figure 1A). In samples from five 
healthy cats (Nos. 2, 4-6, and 12), the molecular weight 
of β2-MG was slightly higher (18 kDa) than that observed 
in the other samples (Nos. 5 and 6). Urinary β2-MG was 
not detected in three healthy cats (Nos. 3, 7, and 11), but 
the protein was detected as a band that co-migrated with 
serum β2-MG in three healthy cats (Nos. 4, 10, and 12). An 
additional band (20 kDa) was also detected in three healthy 
cats (Nos. 1, 2, and 8), with two isoforms of serum β2-MG 
(17- and 18-kDa bands). Additionally, in three healthy cats 
(Nos. 5, 6, and 9), urinary β2-MG was detected at a lower 
molecular weight (15 kDa), with two or three more β2-
MG bands, as previously described (Figure 1A). In cats with 
CKD, urinary β2-MG was observed as a 17- (No. 14) or 
20-kDa (No. 13) band, or both bands (No. 16), in addition 
to a band (17 kDa) that co-migrated with serum β2-MG, 
except for cat No. 15, as described in healthy cats (Figure 
1A). LUTD cats also demonstrated 18- and 20-kDa bands, 
with one band showing serum β2-MG, except for No. 18 
(Figure 1A). In a previous study, urinary β2-MG exhibited 
a ladder pattern on immunoblotting with a monoclonal 
antibody against recombinant feline β2-MG, although only 
one band of purified recombinant feline β2-MG was de-
tected, suggesting glycosylation of serum β2-MG (Hoshi, 
2014). This study also revealed patterns of glycosylation in 
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serum and urinary β2-MG. Urinary β2-MG differs from 
serum β2-MG in some healthy cats (nos. 1, 2, 5, 6, 8, and 
9). The lower molecular weight form of urinary β2-MG (15 
kDa) found in only four healthy cats (Nos. 1, 5, 6, and 9) was 
expected to be the bona fide form of β2-MG. These un-
modified and higher-molecular-weight β2-MG bands (18 
and 20 kDa) may have been produced by glycosylation or 
de-glycosylation after the glomerular passage. Although 
β2-MG is a marker of damage to the proximal tubules, it 
was detected in healthy cats with SDMA levels within the 
normal range (Table 1). However, the presence of β2-MG 
is likely to be independent of age and/or urinary protein 
levels. Further studies are needed to examine more dis-
eased cats regarding the lack of glomerular reabsorption 
of modified β2-MG; however, β2-MG appears to be a pre-
dictive marker of kidney dysfunction (Kovarikova, 2015).

Circulating feline ApoA-I was detected in all cats, includ-
ing healthy cats and cats with kidney diseases, based on im-
munological cross-reactions with human ApoA-I, as shown 
in the sera of LUTD cats (Figure 1B). The apparent molecular 
weight of ApoA-I was 24 kDa, which is lower than that cal-
culated from the predicted amino acid sequence (28,943 
Da; ENSFCAG00000018483). However, ApoA-I was not de-
tected in the urine of the healthy cats (Supplementary Data 
1). ApoA-I was detected in the urine of the two cats with 
CKD (Supplementary Data 1), whereas abundant ApoA-I 
was strongly detected in LUTD cats. Circulating lipopro-
teins and their constituents, known as apolipoproteins, are 
urinary markers of CKD (Clark et al., 2019; Nielsen et al., 
2016). Filtered ApoA-I is reabsorbed by the receptors of 
both megalin and cubilin in the proximal tubules (Nielsen et 
al., 2016). ApoA-I was also detected in two cats with CKD, 
indicating that ApoA-I may be a marker of CKD in cats and 
humans (Clark et al., 2019). Abundant ApoA-I was detected 
in the urine of three cats with LUTD with urolithiasis or 
cystitis, also indicating that urinary ApoA-I can be a marker 
of LUTD. However, the mechanism by which ApoA-I enters 
the urine of cats with LUTD remains unclear, although he-
maturia has not been examined.

Immunoblotting analysis of normal cat serum (C) using 
anti-IgM and anti-IgG Fc antibodies was performed under 
non-reducing conditions using SDS-PAGE (Figure 1C). Un-
der non-reducing conditions, many bands were detected at 
172, 155, 90, 82, 68, 49, 37, and 27 kDa, with the 85-kDa band 
strongly detected as the IgM H-chain, as indicated by the dot-
ted arrow. Under non-reducing conditions, the IgM pentamer 
was strongly detected at a molecular weight > 250 kDa, al-
though many protein bands were also observed (161, 148, 85, 
and 50 kDa). In the case of IgG, the H-chain was detected as a 
major band (50 kDa) in addition to a 31-kDa band under reduc-
ing conditions (Supplementary Data 2), and the IgG monomer 
was detected at a molecular weight of > 250 kDa in addition 
to a 50-kDa band under non-reducing conditions, as indicated 
by the dotted arrow. However, no bands were detected when 
the blot was probed with only the ALP-conjugated secondary 
antibody (data not shown), although many bands were detect-

ed for unknown reasons in the IgM and IgG analyses, as pre-
viously described. Identification of the H-chains of both IgM 
and IgG was enabled by comparing the analyses of IgM and 
IgG in normal feline serum under reducing and non-reducing 
conditions. Although urine samples from six healthy cats (Nos. 
1-6) were used as representative data (Figure 1C), including 
normal feline serum (C), the IgM pentamer was identified as 
a faint band in the urine samples of eight healthy cats with the 
primary 45- and 33-kDa bands except for Nos. 1, 6, 7, and 9, 
and the IgM H-chain (85 kDa) was also detected in eight urine 
samples, except for Nos. 7-10, as indicated by dotted arrows 
under non-reducing conditions. In addition, under non-reduc-
ing conditions, IgG monomers were detected in the urine of 
seven healthy cats, except for Nos. 3-5, 7, and 12, and a 50-kDa 
band identified as the IgG H-chain was detected with a 31-kDa 
band in the urine of nine healthy cats, except Nos. 7 and 12. 
Under non-reducing conditions, each H-chain of IgM (µ-chain) 
and IgG (γ-chain) with molecular weights of 85 kDa and 50 
kDa, respectively, migrated more rapidly than the H-chains of 
IgM and IgG under reducing conditions (Supplementary Data 
2). In CKD cats (Nos. 13-16), a band corresponding to the IgM 
H-chain (90 kDa) was detected in addition to bands at 48 and 
33 kDa, which were detected as major bands under reducing 
conditions. Under non-reducing and nonreducing conditions, 
IgM H chains and monomers were observed in cats with CKD 
and LUTD. Under reducing or nonreducing conditions, the IgG 
H-chain (55 kDa) and monomer were also observed in urine 
samples from cats with CKD and LUTD, but the IgG monomer 
was not detected in cat No. 19 (Supplementary Data 2). 

Both IgG and IgM exhibited separated H-subunits, even 
in control serum samples and in the urine of diseased and 
healthy cats under non-reducing conditions. Filtered IgG 
is removed from the glomerular basement membrane to 
protect against accumulation in the glomerular barrier 
(Akilesh et al., 2008; He et al., 2020). Polymeric immuno-
globulins (e.g., IgM and IgA) are likely to be secreted into 
the renal tubules as a result of kidney injury (Wei & Wang, 
2021). In cats with CKD or LUTD, kidney injury is associat-
ed with the detection of immunoglobulins (IgM and IgA), 
rather than IgG reabsorption (Tencer et al., 1998).

CONCLUSION

β2-MG, a marker of kidney tubular damage, was de-
tected in healthy cats even with normal SDMA levels. 
Urinary β2-MG was detected as multiple bands on SDS-
PAGE, probably due to glycosylation and protein cleav-
age. Although ApoA-I was not detected in the urine of 
healthy cats, it was strongly detected in cats with LUTD. 
In this study, detection of urinary IgG and IgM revealed 
the probability of detection in all cats even under normal 
conditions. These immunoglobulins can be separately di-
vided into H- and L-chains from IgG and IgM molecules 
in circulation and/or after glomerular passage. This report 
provides preliminary data that yields new insights into the 
detection of urinary and serum proteins.
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ABSTRACT. Vertebral osteomyelitis is a re-emerging disease characterized by inflammation and necrosis of the tho-
racic vertebral body, caused by Enterococcus cecorum. Here, we report the first case of vertebral osteomyelitis caused 
by Enterococcus faecalis in Broiler Breeders, in Chile, which also causes infections in humans and is resistant to multiple 
antimicrobials, representing a risk to public health.

Keywords: poultry, public health, infections, zoonosis.

Vertebral osteomyelitis (VO), or enterococcal spon-
dylitis, is a re-emerging disease that affects broilers and 
breeders worldwide (Souillard et al., 2022). Although there 
are several causative agents of VO, including Escherichia 
coli and Staphylococcus aureus, species of the genus En-
terococcus, particularly E. cecorum, are the most common-
ly identified (Braga et al., 2018). VO is characterized by 
inflammation and necrosis of the free thoracic vertebral 
body (T4). As a result, there is compression of the spinal 
cord and an alteration in the mobility of affected birds, 
which eventually die because of dehydration or starvation. 
The posture described as “sitting on their hocks,” charac-
terized by the extension of legs cranially and support from 
the tibiotarsal-metatarsal joints, is the classic clinical sign 
of this disease (Borst et al., 2017), which occurs more fre-
quently in males than in females (Braga et al., 2018).

The genus Enterococcus belongs to the Enterococcaceae 
family. It is composed of ubiquitous gram-positive coccoid 
bacteria, catalase-negative, non-spore-forming, facultative 
anaerobes frequently found in the environment, and is 
part of the normal gastrointestinal (GI) tract microbiota in 
humans and animals, including birds and poultry. The main 
Enterococcus species associated with VO in poultry are E. 
cecorum, E. faecium, E. hira, and E. faecalis. The incidence of 
Enterococcus-associated diseases in poultry has increased 
in recent years, causing significant economic losses to the 
poultry industry (Souillard et al., 2022). 

The first cases of VO due to E. cecorum infection were 
described in 2002 in farms in the Netherlands (Devriese 
et al., 2002) and the United Kingdom (Wood et al., 2002). 
Subsequently, cases have been reported in Belgium (De 
Herdt et al., 2009), Hungary (Makrai et al., 2011), and Ger-
many (Jung & Rautenschlein, 2014). The disease has also 

been reported in North America, several US states (Penn-
sylvania, Washington, North Carolina, South Carolina, Ar-
kansas, Mississippi, Alabama, and California) (Borst et al., 
2012), and Canada (Stalker et al., 2010). In South America, 
vertebral osteomyelitis due to infection by other patho-
gens such as E. coli, S. aureus and E. faecalis has been re-
ported in broilers in Brazil (Braga et al., 2016). E. faecalis is 
associated with several diseases affecting the poultry in-
dustry, including omphalitis, endocarditis, septicemia, and 
amyloidosis (Souillard et al., 2022). Here, we report a case 
of vertebral osteomyelitis caused by Enterococcus faecalis 
infection in broiler breeders in Chile based on pre- and 
post-mortem findings, bacterial cultures, biochemical char-
acteristics, and molecular analysis.

Sudden onset of lameness and subsequent complete pa-
ralysis was reported in 67 male broiler breeders between 
six and 11 weeks of age on a farm with approximately 4,000 
birds in Chile’s Valparaíso Region. Nine live birds were ob-
tained from Universidad de Chile’s Avian Pathology Labo-
ratory. They were prostrate, depressed, and sitting on their 
hocks (figure 1). The birds were euthanized by cervical dis-
location, and post-mortem examination revealed a nodular 
mass in the free thoracic vertebral body (T4) (figure 2A). 
Sagittal section of the spine revealed vertebral osteomyeli-
tis with necrosis and caseous material in the vertebral body 
(figure 2B). Some birds also presented with detachment of 
the coxofemoral articular cartilage, femoral head necrosis, 
femur osteomyelitis, and pericarditis. 

Samples from vertebral lesions and femoral head necro-
sis were obtained aseptically, plated on tryptone soy agar 
with 5% blood and MacConkey agar, and incubated for 24 
hours at 37°C under microaerophilic conditions. At 24 h 
post-incubation, cultures from the vertebral lesions and 
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Figure 1.
Broiler breeder prostrate, depressed and sitting on its hocks.
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Figure 2.
A) Nodular mass in the free thoracic vertebral body (T4). B) Vertebral lesion with necrosis and caseous material after perform-
ing the sagittal section of the spine.

femoral head necrosis presented cream-colored, smooth-
edged, very small, non-hemolytic colonies of up to 1.5 mm 
on blood agar plates (figure 3). No bacterial growth was 
observed on MacConkey agar plates. 

Subsequently, pure subcultures were generated from 
single colonies on blood agar plates. The following day, 
the subcultures were processed for Gram staining, cat-

alase reaction, and biochemical tests using the Vitek® 2 
Compact identification system, according to the manufac-
turer’s instructions (BioMerieux, Marcy-l’Étoile, France). 
Based on the characteristics of the colonies, Gram stain-
ing, and biochemical tests, the isolates obtained from ver-
tebral lesions and femoral head necrosis corresponded to 
E. faecalis, which was confirmed by PCR. For this purpose, 

Figure 3.
Culture of Enterococcus faecalis on tryptone soy agar with 
5% blood.

Figure 4.
Detection of Enterococcus faecalis by PCR.  Lane 1:100 bp 
DNA Ladder. Lanes 2-4: Enterococcus faecalis DNA. Lane 5: 
Negative control. Lane 6:100 bp DNA Ladder.
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Antimicrobial Inhibition halo (mm) Interpretation

Amoxycillin 25 Sensitive

Colistin 0 Resistant

Enrofloxacin 21 Sensitive

Streptomycin 0 Resistant

Florfenicol 20 Sensitive

Fosfomycin 10 Resistant

Fosfomycin + Tylosin 0 Resistant

Lincomycin 0 Resistant

Lincomycin-Spectinomycin 10 Resistant

Norfloxacin 15 Intermediate

Oxytetracycline 0 Resistant

Sulfadoxine-Trimethoprim 22 Sensitive

Sulfisomidine 0 Resistant

Tiamulin 0 Resistant

Tylosin 0 Resistant

Table 1.
Antibiogram results for Enterococcus faecalis isolates from vertebral lesions.

bacterial DNA was extracted according to the manufactur-
er’s instructions using the PureLinkTM Genomic DNA Mini 
Kit (Invitrogen, Massachusetts, United States). An 803-bp 
portion of the tuf gene was amplified using the prim-
ers EfisF: ATGCCGACATTGAAAGAAAAAATT and EfisR: 
TCAATCTTTGGTTCCATCTCT under previously reported 
conditions (Mahmoudpour et al., 2007) (figure 4). An an-
tibiogram (Kirby-Bauer test) was performed to determine 
the antimicrobial susceptibility of E. faecalis isolated from 
the vertebral lesions. The results are presented in Table 1.

This case report describes for the first time a case of 
vertebral osteomyelitis associated with E. faecalis in broiler 
breeders in Chile. This result is interesting because most 
reports have shown an association between vertebral os-
teomyelitis and E. cecorum infection in broilers and broiler 
breeders (Braga et al., 2018). The case reported here affects 
broiler breeders between six and 11 weeks of age, which 
coincides with previous reports (age range: 5-13 weeks) 
and correlates with a period of rapid skeletal development 
in birds (Braga et al., 2018). The E. faecalis strain isolated 
in this study was resistant to 10 of the 15 antimicrobials 

tested, indicating multidrug resistance. Furthermore, giv-
en the difficulty in achieving adequate concentrations of 
these drugs in the spine, the therapeutic options for af-
fected birds are clearly diminished and treatment is longer 
than usual (Pöntinen et al., 2021). 

The origin and pathogenesis of vertebral osteomyeli-
tis due to Enterococcus infection remains largely unknown 
(Borst et al., 2017). However, predisposing factors such as 
immunosuppression, rapid bird growth, stocking density, 
and heat stress are thought to contribute to the suscep-
tibility of poultry to enterococcal infections (Schreier et 
al., 2022). In Gallus domesticus, the last cervical vertebra 
and first three thoracic vertebrae are fused into a notari-
um structure. After notarium, the fourth thoracic vertebra 
(T4) was the only mobile thoracic vertebra. The remaining 
thoracic and lumbar vertebrae are fused with the sacral 
vertebrae in a structure known as the sinsacrum. As the 
only mobile vertebra, T4 is subjected to high mechani-
cal stress and microtrauma, predisposing it to infection 
(Braga et al., 2018). The most likely explanation is that E. 
faecalis, normally present in the intestine, enters through 
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hematogenous dissemination due to a compromised or 
damaged intestinal barrier resulting from infection with 
other infectious agents, such as E. coli or Eimeria species. 
Consequently, when combined with the aforementioned 
environmental factors, any condition that disrupts the in-
testinal barrier may predispose an Enterococcus-associated 
infection (Jung & Rautenschlein, 2014). 

Vertebral osteomyelitis caused by E. faecalis could have 
a significant economic impact on the poultry industry, in-
cluding increased mortality in breeders, poor feed conver-
sion ratios, and increased slaughterhouse condemnation 
in broilers (De Herdt et al., 2008). Minimizing the predis-
posing factors described above appears to be critical for 
preventing this disease. Enterococcus species are zoonotic 
agents that play an important role in nosocomial diseases 
(Pöntinen et al., 2021). They easily acquire antimicrobial 
resistance (AMR) determinants and thus play a key role in 
the dissemination of AMR. Humans can acquire entero-
cocci from several sources, including environmental and 
animal food sources, contaminated with intestinal mi-
crobiota. Antimicrobial use in animal production systems 
(poultry, cattle, and pigs) is a major risk factor in the se-
lection of AMR, and the poultry industry contributes the 
most to the dissemination, selection, and persistence of 
antimicrobial resistance in human populations, thereby in-
creasing the risk to public health (Abreu et al., 2023).

Studies that allow phenotypic and genetic characteriza-
tion of this bacterium would make it possible to adequate-
ly understand and control the disease and, in turn, reduce 
the role of the poultry industry as a source of E. faecalis 
strains and AMR.
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