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Simple Summary: It has long been believed that the bacteria present in milk and colostrum were 

due to contamination during suckling from the oral cavity of the newborn or the skin of the mother. 

Colostrum and meconium from newborns were considered sterile. In the last decade, human re-

search has provided evidence that bacteria are present in colostrum, milk, placenta, and the intestine 

of the newborn. The colostrum microbiota appears to change greatly and very rapidly, and in hu-

mans it has been found that it can be influenced by the type of parturition. Because information on 

the colostrum microbiota in dogs is lacking, the objective of our study was to determine whether 

the type of parturition affects the colostrum microbiota and the growth and survival of puppies in 

early life. Bacteria isolated from maternal colostrum and puppies meconium were identified by 

mass spectrometry. The results of this study provide new information on the colostrum microbiome 

of healthy dams and suggest that the type of parturition influences the bacterial composition of the 

colostrum microbiota, which may be an important factor in weight gain and survival of puppies in 

early life. 

Abstract: The objective of our study was to determine whether the type of parturition affects the 

microbiota of the colostrum and the growth and survival of the puppies. Seventy-nine newborn 

puppies were divided into three groups regarding the type of parturition: vaginal delivery (VD), 

elective caesarean section (EL-CS), and emergency caesarean section (EM-CS). After the birth of the 

puppies, swabs of meconium were collected from the puppies and colostrum was obtained from 

the dam. Many aerobic and anaerobic bacteria were isolated and identified by mass spectrometry 

(MALDI-TOF MS). The colostrum microbiota of VD and EL-CS puppies contained a significantly 

higher abundance of bacteria belonging to the genera Staphylococcus, Kocuria and Enterococcus com-

pared with EM-CS colostrum samples. The composition of the meconium microbiota of the puppies 

present at birth was similar to the colostrum microbiota of their mothers. It was also found that 

puppies without a meconium microbiota at birth gained weight more slowly compared with pup-

pies with a meconium microbiota at birth. The type of parturition influenced the bacterial compo-

sition of the microbiota in the colostrum. Future studies are necessary to further define the signifi-

cance of the observed differences in microbiota composition between EM-CS compared with EL-CS 

and VD colostrum microbiota. 
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1. Introduction 

In mammals, colostrum is a beneficial, nutritious food that is critical for early neona-

tal survival [1]. It is produced in the mammary glands and may be present several days 

before or immediately after birth. Colostrum may persist until two days after birth. Sur-

vival of puppies is particularly dependent on colostrum during the first few weeks, as 

they are nearly agammaglobulinemic at birth. Only five to ten percent of immunoglobu-

lins are able to cross the placenta. This occurs in the last third of gestation in the circum-

ferential form with a hemochorial organization of the zonary placenta [2]. The uptake of 

IgG from the digestive tract occurs mainly in the first 12–16 h after birth, and the transfer 

of IgG from the digestive tract to the bloodstream is critical for infant survival [3]. In ad-

dition, colostrum in humans is an important source of 200 different species of bacteria, 

such as streptococci, lactobacilli and bifidobacteria, which have a pivotal role in the neo-

natal gut colonization and can affect the health and growth of infants, especially early in 

life. They are important for systemic and mucosal immunity to promote a strong and 

healthy gut microbiota. Natural antibodies and other active substances present in colos-

trum are important for supporting and maintaining an appropriate balance between 

healthy and potentially pathogenic gut bacteria [4]. Consequently, colostrum intake is not 

only necessary as a staple food and source of nutrients, but also promotes the develop-

ment of an appropriate gut microbiome, preparing the newborn for life outside the uterus 

[5]. Although the specific vehicles involved in the formation of the colostrum microbiota 

are not yet known, there are some hypotheses. The first hypothesis is that they originate 

from the oral cavity of the newborn and through the skin surface around the mammary 

glands. The second is that the maternal intestinal bacteria are translocated by the dendritic 

cells through the intestinal epithelial barrier and transported to the mammary glands via 

the lymphatic circulation (an entero-mammary pathway) [6,7]. Recently, a human study 

indicated the possible role of the parturition type in the formation of the bacterial compo-

sition of human colostrum, as the concentration of different bacterial genera in the breast 

milk of mothers who had a vaginal delivery (VD) was higher than in those who had a 

cesarean section (CS) [8]. The same observations were confirmed in another human study 

in which the parturition type had a major influence on the composition of the microbiota 

in the colostrum [9]. Moreover, the gut microbiome of a newborn has been found to play 

an important role in maintaining health throughout life [1]. It reduces the risk of many 

diseases, i.e., gastrointestinal diseases, such as necrotizing enterocolitis, respiratory dis-

eases, such as asthma and reduces inflammatory responses, thus preventing allergies [9–

11]. It is well known that newborns gradually develop their own microbiota after birth 

and that many factors such as environment, diet and antibiotic intake influence its com-

position. However, in the first days of life, the composition of the microbiota in newborns 

consists mainly of the bacteria present in the colostrum [3,12]. This is important because 

in puppies, 75–90% of deaths occur in the first 2–3 days of life and sepsis is the most im-

portant cause of mortality [13,14]. 

The milk microbiota has been studied mainly in women [7,15] and in cows [16,17]. 

Some studies investigating the bacterial composition of the mature milk microbiota have 

also been conducted in other animal species such as mice, sheep, goats, donkeys, buffa-

loes, water deer and reindeer [18–23]. However, only few studies in humans and cattle 

have investigated the colostrum microbiota [9,24,25]. To the best of our knowledge, the 

colostrum microbiota in dams has not been studied yet. The objective of our study was to 

determine the presence of bacteria in the colostrum of dams and to determine whether the 

parturition type influences the colostrum microbiota and has an impact on the growth and 

survival of puppies in their early life. 

  



Animals 2021, 11, 1897 3 of 18 
 

2. Materials and Methods 

2.1. Animals 

The Ethics Committee of the Veterinary Faculty approved the study. Owners of the 

client-owned dogs signed a consent form allowing samples to be collected from the dam 

and the neonates. Detailed information on the dogs included in the study is presented in 

Table 1. All dams were fed only FDA approved food for pregnant dogs. Types of parturi-

tion were divided in three groups: the vaginal delivery (VD), the elective CS (EL-CS) and 

the emergency CS (EM-CS). Two to nine newborn puppies were delivered per parturition. 

The weight, a modified Apgar scale and presence of congenital malformations (i.e., 

oronasal fistula, cleft palate, number of toes, atresia ani) was noted at birth. Resuscitation 

of neonates was performed via ABC: rubbing to stimulate breathing, clearing mucus from 

the upper airways, oxygenation, warming, glucose delivery, and, in one case, external 

cardiac massage. Puppies were marked with a colored collar immediately after birth to 

allow for the proper identification of puppies and collected samples. 

Table 1. Number and proportion (%) of female and male puppies according to the different breeds included in the study. 

Breed size Breed 

Number and Pro-

portion (%) of Par-

turitions 

Number and Pro-

portion (%) of Pup-

pies 

Number and Pro-

portion (%) of Fe-

male Puppies 

Number and Propor-

tion (%) of Male 

Puppies 

Small breeds 

(≤10 kg) 

Miniature Schnauzer 1 (6.25) 5 (6.3) 2 (2.6) 3 (3.8) 

Jack Russell Terrier 1 (6.25) 4 (5.1) 1 (1.3) 3 (3.8) 

Pomeranian 1 (6.25) 3 (3.8) 1 (1.3) 2 (2.6) 

Miniature Poodle 1 (6.25) 2 (2.6) 1 (1.3) 1 (1.3) 

Boston Terrier 4 (25.0) 16 (20.2) 11 (13.9) 5 (6.3) 

Total   8 (50.0) 30 (38.0) 16 (20.26) 14 (17.7) 

Medium-large 

breeds 
Whippet 1 (6.25) 7 (8.9) 4 (5.1) 3 (3.8) 

(10.1–25 kg) 

Pembroke Welsh 

Corgi 
2 (12.5) 10 (12.6) 3 (3.8) 7 (8.9) 

English Bulldog 1 (6.25) 4 (5.1) 2 (2.6) 2 (2.5) 

French Bulldog 2 (12.5) 13 (16.5) 5 (6.3) 8 (10.1) 

Total   6 (37.5) 34 (43.0) 14 (17.7) 20 (25.3) 

Large to giant 

breeds 

(>25.1 kg) 

 

Greater Swiss 

Mountain Dog 
1 (6.25) 6 (7.6) 1 (1.3) 5 (6.3) 

Newfoundland 1 (6.25) 9 (11.4) 4 (5.1) 5 (6.3) 

Total  2 (12.5) 15 (19.0) 5 (6.3) 10 (12.7) 

2.2. Cesarean Section (CS) 

When a medical management of dystocia failed or was inadvisable, EM-CS was per-

formed. The day of the surgical delivery in EL-CS cases was determined by using the 

guidelines for an average gestation length of 63 days after the ovulation, coupled with the 

information gathered by serial monitoring of the blood progesterone concentrations and 

fetal ultrasonographic measurements of the internal chorionic cavity and biparietal diam-

eter. The general health status of the dam was assessed by the clinical examination, com-

plete blood count (ADVIA® 120, Siemens; Munich, Germany) and venous blood gas anal-

ysis (VetScan i-STAT® 1, Abaxis; Union City, CA, USA). The cephalic vein was cannulated 

for intravenous fluid and drug administration and 10 min long preoxygenation with 100% 

oxygen was used before the induction of anesthesia. The abdomen was shaved and 

washed with mild soap (Aniosgel 85 NPC, Ecolab Deutschland GmbH, Monheim am 

Rhein, Germany), rinsed with water, dried, and finally disinfected with propan-2-ol and 
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benzalkonium chloride (Cutasept F, Bode, Germany) first with a spray and three minutes 

later with the paint technique. The anesthesia induction was performed by IV application 

of propofol (4–7 mg/kg body weight (BW)) (Propoven; Fresenius Kabi Ltd.; Runcorn; UK) 

followed by an orotracheal intubation. General anesthesia was maintained with sevoflu-

rane (Sevofluran; Draeger; Luebeck; Germany) at a concentration of 1.5–3%. Methadone 

(Comfortan; Dechra; Northwich; UK) at a dose of 0.2 mg/kg BW was administered subcu-

taneously after the skin incision. A balanced isotonic crystalloid solution (Hartmann so-

lution; B. Braun; Melsungen; Germany) was administered intravenously at a rate of 5–10 

mL/kg/hour during the procedure. CS was performed with a caudal midline abdominal 

incision. Once the uterus was exposed, a ventral incision was made in the uterine body. 

The fetus that was the most caudal was removed first with its fetal membranes, followed 

by the fetuses and fetal membranes from, alternately, the right and left uterine horns. 

To promote uterine contractions and cleansing, 0.25–1 IE oxytocin (Oxytocin; veyx-

Pharma Gmbh; Schwarzenborn; Germany) was injected into the uterine wall. Before the 

routine abdominal wall was closed in a routine manner, the abdominal cavity was irri-

gated with 0.9% sodium chloride (NaCl; B Braun; Melsungen, Germany) warmed to body 

temperature. 

Methadone at a dose of 0.2 mg/kg BW given subcutaneously was repeated four hours 

after the first dose, after which the dam and her puppies were discharged from the hospi-

tal. Tramadol chloride (Tramal; Stada; Bad Vilbel; Germany) at a dose of 3 mg/kg BW 

orally every 12 h was used for postoperative analgesia, as needed, for a maximum of three 

days. 

2.3. Vaginal Delivery (VD) 

Puppies born vaginally were delivered in the home of the owners. 

2.4. Collection of the Colostrum 

Before the collection of the colostrum, the nipples were disinfected with propan-2-ol 

and benzalkonium chloride. Samples were collected from the caudal pair of the mammary 

gland by milk expression while using sterile gloves. The first few drops of colostrum were 

discharged. 

In the VD group, colostrum was expressed right after the birth of the first puppy and 

again four hours later. In the EL-CS and EM-CS groups, colostrum was expressed right 

after the surgery and again four hours later. 

The puppies were allowed to suckle again after sampling and cleaning the mammary 

gland with sterile Ringer’s lactate. 

2.5. Collection of the Meconium 

Immediately after the first colostrum intake, the collection of the meconium was per-

formed. For this purpose, sterile cotton swabs were soaked in warm sterile water. Using 

a circular massage around the perineal area of the newborn puppies, the expression of the 

meconium was stimulated. Dams were not allowed to lick their puppies before the collec-

tion of the meconium to prevent contamination of samples with the oral microflora from 

their mothers. The collection of the meconium was performed immediately after expres-

sion of the meconium with sterile swab. 

2.6. Monitoring Puppy’s Growth 

The weight gain of puppies was monitored until they reached eight weeks. Delivery 

day was marked as day 0. During the first three weeks, puppies were weighed every 

morning. Later, the body weight was measured once a week at an interval of 7 days. 
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2.7. Bacteriological Examination 

Samples for bacteriological examination were taken from bitches and their puppies 

with sterile swabs and directly inoculated on blood agar plates (Blood agar base, Oxoid, 

UK, supplemented with 5% sheep blood). Each sample was examined regarding aerobic 

and anaerobic bacteria and therefore inoculated as duplicates—one of which was incu-

bated under aerobic conditions and the other under anaerobic conditions created by the 

use of anaerobic atmosphere generating bags (GENbag, GENbox; bioMérieux, Inc.; 

Durham, NC, USA). The cultures were incubated at 37 °C for at least two days, anaerobic 

incubation was extended to 5 days. After the incubation period, the plates were checked 

for microbial growth and all distinctive morphological types of the colonies were subcul-

tured onto fresh blood agar to obtain a pure culture. Subcultures were incubated at 37 °C 

for an additional 24 and 48 h, respectively. 

Each morphological type of colonies was identified by the matrix-assisted laser de-

sorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) (Microflex LT 

system; Bruker Daltonics, Kamnik, Slovenia) using MALDI Biotyper 3.1 software (Bruker 

Daltonics, Kamnik, Slovenia) according to the manufacturer’s instructions. 

2.8. Statistical Analyses 

The Shapiro–Wilk test was used to test the normal distribution of data. Since data 

were normally distributed, parametric tests were performed. 

Statistical analysis was performed using R statistical software, version 3.5.2 (R Foun-

dation for Statistical Computing, Vienna, Austria, 2018), and P 0.05 was considered sig-

nificant. 

Parametric t-test for independent samples were used to find the differences in rela-

tive growth rate between the puppies born via EL-CS, EM-CS and the puppies born via 

VD. The same test was used to test the relationship between the puppy’s growth rate 

among puppies born without the bacteria present in the meconium and puppies born with 

bacterial species present in the meconium. 

3. Results 

3.1. Collection of Samples 

The collection of samples took place during December 2016 and July 2018. The dams 

were of eleven different breeds, and they were between 1.8–7 years old (mean age was 4.3 

years) (Table 1). Seventy-nine puppies were born to 14 dams during 16 parturitions (two 

Boston Terriers whelped twice) (Table 2). There were three VDs, nine EL-CSs and four 

EM-CSs included in the study. The number and proportion (%) of puppies according to 

the type of parturition, gender and survival of newborns are presented in Table 2. Stillborn 

puppies (n = 2) were born by EM-CS and were excluded from the statistical analysis. 

Table 2. Number and proportion (%) of puppies according to the type of parturition, gender and 

survival of newborns. 

 Number of Puppies (n) Proportion of Puppies [%] 

Type of 

parturition 

Vaginal delivery 18 22.8 

Cesarean section 
Elective 41 51.9 

Emergency 20 25.3 

Sex of the 

puppies 

Female 35 44.3 

Male 44 55.7 

Survival 
Born alive 77 97.5 

Stillborn puppies 2 2.5 
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3.2. Bacteria Isolation 

3.2.1. Bacteria Isolated from Meconium and Colostrum 

Meconium samples from two puppies were not obtained. The bacterial species iso-

lated from the colostrum of the dams and the bacterial species isolated from the puppies’ 

meconium are presented in Table 3. 

Table 3. Bacterial species isolated from the colostrum of the dams and meconium of the puppies. 

Gram-Positive Bacteria COL MEC 

Staphylococcus   

Staph. epidermidis + + 

Staph. pseudintermedius + + 

Staph. hominis + + 

Staph. aureus  + 

Staph. haemolyticus + + 

Staph. warneri + + 

Staph. capitis + + 

Staph. pettenkoferi  + 

Staph. caprae  + 

Staph. simulans +  

Staph. felis +  

Staphylococcus spp. + + 

Streptococcus   

Strep. salivarius  + 

Strep. oralis  + 

Strep. pluranimalium  + 

Strep. mitis  + 

Strep. sanguinis  + 

Strep. parasanguinis  + 

Strep. pneumoniae  + 

Streptococcus spp.  + 

Enterococcus faecalis +  

Actinomyces   

A. odontolyticum  + 

A. weissii +  

Corynebacterium spp.  + 

Rothia 

R. dentocariosa 

R. mucilaginosa 

 

 

+ 

+ 

Lactobacillus   

L. johnsonii  + 

Lactobacillus lacti + + 

Lactobacillus spp. + + 

Macrococcus caseolyticus  + 

Cutibacterium (Propionibacterium)   

C. acnes + + 

C. granulosum  + 

Bacillus   

B. flexus  + 

B. megaterium  + 

B. pumilus  + 

B. simplex  + 
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Bacillus spp. + + 

Kocuria   

K. kristinae  + 

K. palustris +  

Kocuria spp. + + 

Streptomyces spp.  + 

Macrococcus   

M. caseolyticus  + 

Macrococcus spp. +  

Gram-Negative Bacteria COL MEC 

Neisseria   

N. weaveri +  

N. zoodegmatis  + 

Pasteurella   

P. canis  + 

P. stomatis  + 

Pasteurella spp. +  

Haemophilus   

H. haemoglobinophilus + + 

Haemophilus spp.  + 

Moraxella    

M. osloensis +  

Moraxella spp.  + 

Acinetobacter   

A. schindleri +  

A. junni  + 

A. lwoffii  + 

Klebsiella pneumoniae +  

Paracoccus spp.  + 

Escherichia coli  + 

Pantoea spp. +  

Brevundimonas aurantiaca  + 

Legend: COL, colostrum; MEC, meconium. 

3.2.2. Meconium Samples 

The meconium samples were collected from 77 puppies (97.5%). The number of bac-

terial isolates from the meconium of the puppies are presented in Table 4. 

Table 4. Bacterial isolates from the meconium of the puppies according to the type of parturition. 

Gram-Positive Bacteria TOP 

Staphylococcus  

Staph. epidermidis VD, EL-CS, EM-CS 

Staph. pseudintermdius VD, EL-CS 

Staph. hominis VD, EL-CS 

Staph. aureus VD, EL-CS 

Staph. haemolyticus VD, EL-CS 

Staph. warneri VD, EL-CS, EM-CS 

Staph. hominis VD, EL-CS 

Staph. capitis EL-CS, EM-CS 

Staph. pettenkoferi EL-CS 

Staph. caprae EL-CS 
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Staphylococcus spp. VD, EL-CS, EM-CS 

Streptococcus  

Strep. salivarius EL-CS 

Strep. oralis EL-CS, EM-CS 

Strep. pluranimalium EM-CS 

Strep. mitis VD 

Strep. sanguinis EM-CS, EL-CS 

Strep. parasanguinis EL-CS 

Strep. pneumoniae EL-CS 

Streptococcus spp. VD 

Actinomyces odontolyticum EL-CS 

Corynebacterium spp. VD 

Rothia  

R. dentocariosa EL-CS 

R. mucilaginosa EM-CS 

Lactobacillus  

L. johnsonii VD, EL-CS 

L. lacti VD, EL-CS 

Lactobacillus spp. EL-CS 

Bacillus  

B. flexus VD 

B. megaterium VD 

B. pumilus VD 

B. simplex EM-CS 

Bacillus spp. VD 

Kocuria  

K. kristinae EL-CS 

Kocuria spp. VD 

Macrococcus caseolyticus VD 

Streptomyces spp VD 

Cutibacterium  

C. acne EL-CS, VD, EM-CS 

C. granulosum EM-CS 

Gram-Negative Bacteria COL MEC 

Neisseria   

N. weaveri +  

N. zoodegmatis  + 

Pasteurella   

P. canis  + 

P. stomatis  + 

Pasteurella spp. +  

Haemophilus    

H. haemoglobinophilus + + 

Haemophilus spp.  + 

Moraxella   

M. osloensis +  

Moraxella spp.  + 

Acinetobacter   

A. schindleri +  

A. junni  + 
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A. lwoffii  + 

Klebsiella pneumoniae +  

Paracoccus spp.  + 

Escherichia coli  + 

Pantoea spp. +  

Brevundimonas aurantiaca  + 

Legend: COL—colostrum, MEC—meconium. 

From the meconium, 48 different bacterial species were isolated. They belonged to 24 

different genera, mainly to Staphylococcus (22.92%), Streptococcus (16.67%), Bacillus 

(10.42%), Pasteurella (4.17%), Haemophilus (4.17%) Kocuria (4.17%), Lactobacillus (4.17%), 

Cutibacterium (4.17%), Rothia (4.17%), and Acinetobacter (4.17%). The most common bacte-

rial species isolated from the meconium samples were Staph. warneri (32.5%), Staph. epi-

dermidis (29.9%), Staph. pseudintermedius (15.6%), C. acnes (14.3%), Staph. aureus (3.9%) and 

N. zoodegmatis (3.9%). 

3.2.3. Bacteria Isolated from the Colostrum Samples According to the Type of Parturition 

The colostrum samples were obtained from all of the dams (100%). At birth, no bac-

teria were isolated from 5/16 of the births (31.3%) and 4 h after the birth from 3/16 births 

(18.8%), all from CSs. No bacteria were isolated from 2 dams both from EL-CS. The bacte-

rial species isolated from the colostrum according to the type of parturition are shown in 

Table 5. 

Table 5. Bacterial isolates from the colostrum according to the type of parturition. 

Gram-Positive Bacteria Type of Parturition Gram-Negative Bacteria Type of Parturition 

Staphylococcus  

Neisseria weaveri VD 

Staph. epidermidis EL-CS 

Staph. pseudintermedius EL-CS, VD 

Staph. haemolyticus EL-CS 

Staph. warneri EL-CS 

Staph. hominis EL-CS 

Staph. capitis EL-CS 

Staph. pettenkoferi EL-CS 

Staph. simulans EL-CS, VD 

Enterococcus faecalis VD, EL-CS Pasteurella spp. VD 

Actinomyces meissii EL-CS Haemophilus haemoglobinophilus VD 

Lactobacillus spp. VD Moraxella osloensis EM-CS 

Cutibacterium acnes EL-CS, EM-CS Acinetobacter schindleri VD 

Bacillus cereus EM-CS Klebsiella pneumoniae VD 

Kocuria  

Panthoea spp. VD K. palustris EL-CS 

Kocuria spp. EL-CS, VD 

Macrococcus spp. VD   

Twenty-three different bacterial species belonging to 15 different genera were iso-

lated from the colostrum samples. The bacterial colonies mainly belonged to the genera 

Staphylococcus (34.7%), Kocuria (8.7%) and Lactobacillus lacti (5%). 

Relation between colostrum microbiota and the type of parturition 

When comparing the microbiota composition of EL-CS, EM-CS and VD colostrum, 

several differences were found. In particular, the EL-CS and VD groups showed greater 

bacterial richness when compared with EM-CS group. Further, the EL-CS and VD groups 
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were richer in microorganisms of the genera Staphylococcus, Kocuria and Enterococcus com-

pared with EM-CS colostrum samples. Bacterial richness of the colostrum isolates accord-

ing to the type of parturition is presented in Figure 1. 

 

Figure 1. Bacterial richness of the colostrum isolates according to the type of parturition. 

Prevalence of Bacteria in Colostrum Samples According to Their Oxygen Requirement 

A greater number of anaerobic (63.2%) compared with aerobic (36.8%) bacteria were 

isolated in the colostrum of all three groups. Interestingly, VD colostrum showed a greater 

number of anaerobic bacterial genera (68.9%) compared with both CS groups (57.5%). 

Moreover, only a few anaerobic bacterial genera were isolated in the EM-CS group with 

low diversity of bacterial species. The VD group showed a higher abundance of intestinal 

bacterial genera (58.4%) compared with CS groups (49.3%). Environmental microorgan-

isms were presented in all three groups, but CS colostrum (50.7%) had higher numbers of 

environmental bacteria compared with VD colostrum (41.6%). 

3.3. Bacteria Isolated from the Colostrum and the Meconium Samples 

The most prevalent bacteria isolated from dams’ colostrum belonged to genera Staph-

ylococcus, Kocuria and Enterococcus, while the most prevalent bacteria genera isolated from 

the meconium samples were Staphylococcus (22.92%), Streptococcus (16.67%), Bacillus (10.42 

%), Pasteurella (4.17%), Haemophilus (4.17%) Kocuria (4.17%), Lactobacillus (4.17%), Cutibac-

terium (4.17%), Rothia (4.17%) and Acinetobacter (4.17%). The correlation between the dam’s 

colostrum and the puppies’ meconium is presented in the Table 6. 

Table 6. Comparison of whether the same bacterial species were isolated from the puppies’ meco-

nium and the dam’s colostrum. 

 
Vaginal Delivery 

Cesarean Section 

 EL-CS EM-CS 

N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

CM Y Y Y Y N N N Y N Y Y Y N Y N N 

Legend: N = parturition number, C = colostrum, M = meconium, Y = the same bacterial species 

were isolated from the colostrum and meconium, N = the same bacterial species were not isolated 

from the colostrum and meconium. 
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3.3.1. Comparison between the Colostrum and the Meconium Microbiota According to 

the Type of Parturition 

Puppies that were born vaginally all had the same bacterial isolates in their meco-

nium as in their mother’s colostrum. However, in CS groups, we isolated the same bacte-

ria species only in 53.8% of the births (in 55.56% of the EL-CS and in 25% of the EM-CS). 

The comparison of whether the same bacterial species were found in the puppies’ meco-

nium as in the dam’s colostrum is shown in Table 6. 

3.4. Growth Rate 

On the first day, the difference between the groups was not significant, but puppies 

born via VD lost on average only 0.4% of their body weight, while those born via EM-CS 

lost on average 1.8%, and EL-CS 2.4% of the body weight. The puppies born via VD had 

the highest and the puppies born via EL-CS, had the lowest weight gain on days 1, 2, and 

3 after birth. However, on day 4, the puppies born via VD still had the highest, while the 

puppies born via EM-CS had the lowest relative weight gain. 

Vaginally born puppies had a statistically significantly higher relative weight gain 

on the second (p < 0.01) (Figure 2) and third day (p < 0.05) (Figure 3) compared with the 

two CS groups. On the fourth day, the difference was statistically significant only between 

VD and EM-CS groups (p < 0.05) (Figure 4). Later on, until 8 weeks of age, no statistically 

significant difference in the relative weight gain was observed between puppies born with 

VD, EL-CS and EM-CS (p > 0.05). 

 

Figure 2. A comparison of relative weight increase on the 2nd day in puppies born with EL-CS, EM-

CS and VD. Different superscript letters indicate significant difference (p < 0.01). 
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Figure 3. A comparison of relative weight gain in puppies born with EL-CS, EM-CS and VD on the 

3rd day. Significant difference is marked with different superscripts (p < 0.05). 

 

Figure 4. A comparison of relative weight gain in puppies born with EL-CS, EM-CS and VD on the 

4th day. Significant difference is marked with different superscripts (p < 0.05). 

3.4.1. The Correlation between the Relative Weight Gain between the Puppies That Had Bacteria 

Present in the Meconium and Those without Bacteria in the Meconium 

When puppies were born without bacteria present in their meconium, their weight 

gain was lower compared with puppies that had bacteria present in the meconium. Alt-

hough the difference was not significant on the first, second and third day of life (p > 0.05), 

it became significant on the fourth (p < 0.05) (Figure 5) and fifth day (p < 0.05) (Figure 6). 

Puppies’ weight gain was monitored until 8 weeks of life; later on, there was no significant 
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difference in the weight gain between puppies with and without bacteria present in their 

meconium (p > 0.05). 

 

Figure 5. Relative weight gain between puppies with or without bacteria present in their meconium 

on the 4th day (p < 0.05). Note: Sterile meconium does not mean that there were no bacteria in the 

meconium. We were unable to isolate them with the technique used, and it is possible that choosing 

a different, more sensitive technique would yield different results. 
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Figure 6. Relative weight gain between puppies with or without bacteria present in their meconium 

on the 5th day (p < 0.05). Note: Sterile meconium does not mean that there were no bacteria in the 

meconium. We were unable to isolate them with the technique used, and it is possible that choosing 

a different, more sensitive technique would yield different results. 

4. Discussion 

Colostrum can change its nutritional and microbiological composition quite rapidly 

and there are many factors, such as environment, stress and type of parturition, that can 

affect its composition [1]. Diet is also one of those factors and can have large impact, es-

pecially on the bacterial composition. For this reason, all dams that participated in the 

present study were fed a US Food and Drug Administration (FDA)-approved diet for 

pregnant dogs, which has very strict ingredient requirements for products containing at 

least 25% protein and 17% fat (FDA). No raw food was allowed. 

Colostrum microbiota was shaped by the type of parturition in the present study 

since significant differences in isolated bacterial and in their prevalence were observed. 

Thus, the colostrum microbiota of VD and EL-CS puppies compared with EM-CS colos-

trum samples, was significantly richer in bacteria belonging to the genera Staphylococcus 

spp, Lactobacillus, Kocuria and Enterococcus. EM-CS had the highest abundance of Haemoph-

ilus and Prevotella spp. Haemophilus was more abundant in both CS groups but had a critical 

importance only in the EM-CS group. Interestingly, in humans, Haemophilus was more 

abundant in the colostrum of infants born vaginally. However, its presence was only im-

portant in the CS group, where it acted as one of the main bacteria. They suggested that 

this supports the thesis about bacterial pathogenicity which is not always related to the 

prevalence of bacteria present in the environment, but there are many other factors that 

can influence their pathogenicity, including the interactions with other microbes [9]. 

Staphylococcus pseudintermedius was one of the most abundant bacteria in the colos-

trum of VD and EL-CS group. In our previous study, Staph.pseudintermedius was also the 

major contributor of the oral and vaginal microbiota of dams [26]. Previously, Staph. 

pseudintermedius clones were found to be passed from the mother to the puppies around 

parturition [27]. In another study, Staph. pseudintermedius was isolated from puppies 

within 8 h after parturition in 78% of cases [28], and it was found to be a potential cause 
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of sepsis in neonatal puppies [26]. However, it should be noted that Staph. pseudinterme-

dius is part of the bacterial skin flora and a common opportunistic pathogen in dogs [29]. 

Rota et. al. (2021), suggested that its isolation may therefore be due to contamination [30]. 

Even though we were very careful during sampling of the meconium in puppies (i.e., 

cleaning the anal area before sampling, sterile cotton swabs for sampling) and colostrum 

in the dam (i.e., disinfecting the skin before sampling, wearing sterile gloves and discard-

ing first few drops of colostrum), bacterial contamination of samples cannot be completely 

ruled out. However, this bacterium was a major component of the colostrum microbiota 

(31.7%) in the present study and therefore, the possibility of contamination was reduced 

as much as is possible. 

The high abundance of Staphylococcus and Lactobacillus in colostrum is logical, as 

these genera were found to be part of the human colostrum “core microbiota” and they 

are present in very high numbers in human milk of healthy women [31]. Since they are 

involved in lactate production and metabolism of lactate, their presence in the colostrum 

is considered as a part of healthy colostrum microbiota composition. As facultative anaer-

obes they are able to colonize the gastrointestinal tract early and, by using O2, they con-

tribute to the formation of an anaerobic system environment for later colonization of strict 

anaerobes [32]. 

In our study, a greater number and a richer abundance of anaerobic bacteria were 

found. These results are in agreement with a study conducted in humans, where a higher 

number of anaerobic bacterial genera were found in colostrum compared with aerobic 

bacterial genera. However, the relative abundance of aerobic bacteria was also a major 

component of the colostrum microbiota [9], which is also consistent with our results where 

the presence of aerobic bacteria was found. Toscano et al. (2017) suggested that high oxy-

gen content in colostrum could justify the greater abundance of aerobic bacteria [9]. In our 

study, the colostrum of all three groups contained at least some gut bacteria, which is 

consistent with the entero-mammary hypothesis that the colostrum microbiota is shaped 

by the gut bacteria present in the host. The difference in colostrum microbiota between 

the EL -CS and EM -CS groups is difficult to explain but could be due to the fact that the 

dams in the EL -CS group were healthy, whereas the dams in the EM -CS group are often 

exhausted, stressed, and at higher risk of anesthesia, which could contribute to the 

changes in the composition of their colostrum microbiota. 

Several studies in women suggested that the breast milk microbiota plays a very im-

portant role in the establishment of the infant gut microbiome [6,32]. Studies on the verti-

cal transmission of bacteria from ruminant milk to the offspring are sparse [16] and lack-

ing in dogs. The origin of bacteria found in expressed milk probably originate from bac-

terial contamination during and between suckling, due to exposure of the mammary 

gland [33]. On the other hand, there is increasing evidence that the bacteria present in milk 

come through an endogenous route through the entero-mammary pathway, as has been 

studied in humans [34]. Recently, a study investigating the relationship between the co-

lostrum microbiota and the early microbiome development of calves found that the colos-

trum microbiota has the same bacterial species as newborn calves, suggesting that colos-

trum contributes to the composition of the calf gastrointestinal microbiome [35]. A similar 

observation was made in our study, where it was found that the composition of the me-

conium microbiota of puppies present at birth was similar to the colostrum microbiota of 

their mothers’. The same bacterial species were found in all puppies born vaginally and 

in 53.8% of puppies delivered via CS. 

The colostrum of mothers who underwent VD had a slightly greater bacterial rich-

ness compared with the EL-CS group. However, the VD and EL-CS groups both had much 

greater bacterial abundance than the EM-CS groups. Similar results were observed in a 

human study where the colostrum microbiota of VD infants was significantly richer in 

microorganisms compared with infants delivered with CS [9]. These results may also con-

tribute to the higher weight gain we observed in puppies born via VD compared with 

both CS groups on the second and third day. On the fourth day, the difference in growth 
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rate was statistically significant only between VD and EM-CS group, which had the lowest 

bacterial diversity. In our previous study, we also compared the growth rates of puppies 

born with VD compared with CS groups (elective and emergency cesarean section were 

categorized as CS group) and similar observations were found. Puppies born vaginally 

had a higher relative growth rate on days 2, 3, and 4 than puppies born with CS [28]. 

Bacterial diversity is important for maintaining and improving a stable and balanced en-

vironment. Therefore, animals that have higher biodiversity and greater richness of bac-

terial species are more resilient and adaptable to stress than those with only a few micro-

organisms [36]. This could influence the microbiome of puppies and contribute to their 

survival in the first days of life, when mortality rates are highest [37]. We can further con-

firm this with the finding that puppies born without the bacteria present in the meconium 

had a slower growth rate compared with puppies with established meconium microbiota 

at birth. 

The results refer only to bacteria that we were able to cultivate under aerobic and 

anaerobic conditions on blood agar. We are aware that the results could be even more 

complete if the study was carried out with methods that could prove the presence of even 

those microorganisms that cannot be cultivated, which may be a subject of further re-

search. 

The present study indicate that the type of parturition plays an important role in 

modulating the colostrum microbiota. Differences in the maternal microbiome were 

found between all three groups, but the VD and EL-CS groups showed more similarities 

compared with the EM-CS group. In particular, the EL-CS and VD groups showed greater 

bacterial richness when compared with the EM-CS group and were richer in microorgan-

isms of the genera Staphylococcus, Kocuria and Enterococcus compared with EM-CS colos-

trum samples. These results are important, especially in breeds where C-section is fre-

quently performed, as proper birth planning and EL-CS could lead to greater survival of 

puppies in the first days of life and minimize the occurrence of the fading puppy syn-

drome due to inadequate microbiota in the colostrum of dams that underwent EM-CS. 

Future research should focus on establishing whether the colostrum microbiome is asso-

ciated with health outcome of the neonatal puppies. 
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