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INTRODUCTION 

Delayed breeding of cattle continues to be one of the major 

economic problems of the cattle industry. Since infectious 

agents have been suggested as a possible cause of early embryo 

less, it was felt that the bacterial flora of the normal bovine 

uterus must be known. 

This study was conducted by the use of postfpreEnant living 

cows for the following reasons: (1) Post-pregnant cows should 

give a fairly representative sample of cows with normal uteri. 

(2) The study of the empty or resting normal uterus appears to 

NI more urgent than that of the pregnant uterus if the role of 

microorganisms In early embryo loss is to be known. (3) Living 

animals offer the advantage that the general and sexual history 

of the animal before, during and after sampling could be known. 

It would bo logical to assume that the uterus could be easily 

contaminated at the time of parturition, so, therefore, this 

study was undertaken to determine if the normal bovine uterus 

becomes bacteria free at sometime following parturition. 

Samples were taken from the lumens of the uteri of the 

post-partum living cows by a special instrument at various days 

post..partum. These were examined for presence of bacteria as 

were some biopsy samples of the uterine mucosa. 

REVIEW OF T1 LITERAT 

Literature on the flora of the uterus shows a divided opin- 

ion. The first group of workers to be mentioned reports the 
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presence of few, if any, organisms. ,ethers report finding bac- 

teria commonly present. 

-arly work on this subject was done by ocard (1886), who 

concluded from his studies that organisms were never found in 

uteri of cows which had not aborted. Denzler (1904) expressed 

the opinion, based upon the study of genital tracts of living as 

well as dead animals, that the cervical canal, uterus and the 

uterine tubes were generally free of bacteria. he did find, how- 

ever, Aaphylococcus, treptococcus and organisms from the colon- 

aerogenes group. In 1913 flofstadt studied 40 non-pregnant uteri 

and found bacteria in the uterine cavity and in the internal os 

uteri in onl/ one case. he used uteri from freshly slaughtered 

animals. ailliams and Carpenter (1917) studied 15 enimals, ten 

were old standing cases of sterility and five were tuberculin 

reactors. The cows were killed and the entire genital tract was 

removed and taken to the laboratory. Ten of these uteri were 

bacteria free and five saowed bacteria. In 1919 Carpenter, after 

he had obtained negative cultures from 55 out of 56 maiden heif- 

ers, concluded that the normal genital tract should be free of 

bacteria. In 1920 Carpenter studied 18 normal genital tracts, 

of which five yielded no growth when cultured for the presence of 

bacteria. vf the 13 genital tracts giving positive cultures, six 

gave cultures from the uterus only. he reported the presence of 

tretococcus viridans hemolyticus and -etaphylococcus albus 

in the uterus. he reported the presence of streptococcus in the 

subniucosa of the uterine tissue. he again reaffirmed his afore- 

mentioned hypothesis that the normal bovine uterus is essentially 
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bacteriologically sterile. ae continued his work in 1921 and 

made a study of 114 abattoir slaughtered animals. These were 

calves, virgin heifers non-pregnant and pregnant cows. he con- 

cluded that "it would seem that the genital tract of cattle 

should be normally free of bacteria." lie attributed the absence 

of bacteria to the bactericidal action of the mucous present in 

the genital tract. In 1922 Beaver made a study of 19 infertile 

cows. lie got the samples either from slaughtered animals or by 

inserting a sterile swab through a cervical canal into the uterus 

of living animals. lie made bacteriological and pathological stud- 

ies and concluded that in nearly all cases when no gross evi- 

dence of active inflammation exists, the Genital tract is ster- 

ile and that organisms are not normally harbored as commensals 

in the internal genitalia of the cow. he isolated Jtreptococcus, 

pyoi;.enes (Lucet) (sic) and Aaphylococcus, only from the 

uteri that showed inflammation but not from normal ones. rom 

studies he conducted, aeller (1)27) concluded that the normal 

post-partum uterus eventually becomes bacteriologicallj sterile. 

Le observed that organisms thacillus pyocyaneus and B. subtilis 

disappear first and the cocci tend to remain longer. lie stated 

that the uterus of domestic animals under physiological condi- 

tion tolerates a latent bacterial growth without necessarily 

causing injury to either mother or fetus. This physiological 

status differentiates itself from the pathological, merely by 

a lack of virulence of the bacteria inhabiting the uterus or by 

an efficient resistance of the endometrium. he studied non- 

pregnant, apparently healthy, live animals and obtained his 
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samples by infusing into the uterine cavity physiological saline 

then withdrawing it. Aerke (1929) reported the study of 12 

pregnant uteri that were removed from slaughtered animals and 

taken to the laboratory where they were cultured immediately. 

- hive uteri showed bacteria, but he believed that in some cases 

the growth represented contamination. hlimmer et al., (1929) 

studied 57 uteri obtained from an abattoir. 2hirty-seven of 

these uteri showed pathological lesions. J2hey found 1) of the 

57 uteri free of bacteria, and they concluded that the uterus 

'of domestic animals is in general free of bacteria. itch and 

Bishop (1932) studied 126 slaughterhouse run cows of which 81 

were pregnant and 45 non-pregnant (20 of which were virgin). 

They took the uterus from the freshly slaughtered cows and cul- 

tured a platinum loop inoculum obtained by exposure of the uter- 

ine mucous membrane after searing externally and incising the 

wall with a flamed knife. Prom the results obtained they con- 

sidered 94 /L of the uteri to be bacteria free. l'hey isolated 

Aloaligenes, ascherichia, °I-licrococcus, Jtaphyloc9cous and Jory- 

nebacterium. -11aey concluded that the healthy bovine uterus is 

in general free from bacteria. lvijuljberg (1937) devised a rins- 

ing technique in which the outer surface of the uterus obtained 

from a slaughtered animal was seared with hot iron and a pipette 

filled with nutrient broth was inserted into the lumen of the 

uterus. The broth was discharged, flushed back and forth several 

times, and the washings were used to inoculate the media. Us- 

ing this technique the mucosa of 33 uteri selected at random, 

proved to be bacteria free, as did those from nine other animals 
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with protracted histories of infertilitj, but he was able to show 

that in 15,) of these 42 animals some organisms were present in 

the thickness of the uterine wall. jie reported his "wall-thick- 

ness organisms" as consisting mainly of coccal forms. '.;lark and 

Stevenson (1949) used the rinsing technique of Mjuljberg in their 

study of 13 non-pregnant cows and the fetal fluids from nine 

pregnant cows. ,11 their cultures were negative. smears from 

six uteri obtained from sterile cows slaughtered at a local 

abattoir were inoculated by Bradury (1949) and no bacterial grow- 

th was observed. iulf and Jracy (1952) utilized a flush tech- 

nique for obtaining their samples by placin a coroseal tube in 

the uterus, the other end of which was fastened to a stoppered 

aspiratory flask which contained the flush solutioa. e. tire 

pump was applied which would force the flush solution into the 

uterus. The fluid was drained from the uterus with a canula; 

the washing being collected in a vessel at the outside end of 

the canula. They found 3acillus, Corynebacterium, otaphylococcus, 

Actinomyces and ,,occidioides to be the predominent genera iso- 

lated. slate counts were also conducted to determine numbers, 

and they concluded that few organisms were present but there al- 

ways seemed to be a few. In 1952, after obtaining bacteria from 

20e, of 38 organs he studied, Kampelmacher declared that the 

healthy uterus is normally bacteria free. he obtained his sam- 

ples by inserting a cervical speculum 7 fam in diameter as far as 

it would go and a biopsy instrument of the ieilson type was 

passed through it into the uterus. e. portion of the endometrium 

was biopsied and used for inoculating media. 
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Hagan (1916) examined pregnant uteri obtained from the 

slaughterhouse at all stages of pregnancy and no discrimination 

was made as to health. be uterus was flamed with a plumber's 

gasoline blowtorch, opened with a sterile knife and a swab was 

taken from between the uterine wall and the outer chorioallan- 

toic membrane. samples were also taken from fetul fluids. ;J'rom 

16 preamant cows the uterochorio space gave positive cultures in 

14 cases (87a)). The fetal fluids gave cultures in five cases 

03,). pie was led to believe that the cavity of the adult bo- 

vine uterus contained bacteria. ae isolated Ltscherichia coli, 

iicrococcus albus, atreptoceccus and a. citreus. Jay (1917) se- 

cured cultures from 56, of 18 non-pregnant uteri studied and 52a 

out of 25 pregnant ones. ae isolated treptococcus, ataphylococ- 

cus and a short bacillus. he cultures were made from animals 

selected at random in an abattoir immediately after slaughter. 

In 1928 oiagner studied the placenta and umbilical vessels. The 

placenta used for cultures was only from cases where the allan- 

tois cb.orion was inverted so that placental surface was inside 

and not exposed to contact with contaminating materials. de 

found bacteria in the uteri of 61a) of the 35 cases he studied 

and concluded that 'the gravid uterus of domestic animals very 

largely contains bacteria." lie listed the presence of diplo- 

cocci, colonbacilli and streptococci. Conklin and his co-workers 

(1931) studied 80 pregnant uteri and found 88.7,, to show defin- 

ite bacterial flora. They stated that 1) showed gross pathologi- 

cal lesions and that 18 of these had a bacterial flora. ahey 

listed 17 different genera comprised of aicrococcus 
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Bacillus (26.2/0), .,soaerichia treptococcus (21;6), 

lcalir;enes (17), Jtaphylococcu -berthella (7.5), 

Bacteroides, .:erobacter, arcina, almonellal actinomz2221 ho- 

dococcus roteus, erratial `Jorynebacterium, and Eycobacterium. 

,Iter culturing samples obtained by a swab and t,:lass speculum 

from the cervical canal of 53 cows, iiatch et al., (1949) found 

26 to be negative for presence of bacteria and. 27 to show bac- 

teria. Sixteen of the 53 cows showed abnormal discharge in the 

vagina and several of these wer,, cases of purulent endometritis. 

They concluded that bacterial infection either clinically appar- 

ent or not, may be responsible for many cases of infertility. 

set of 19 cows sent to the abattoir with normal breeding histo- 

ries was studied by Dawson (1950), six of these cows were preg- 

nant, the rest represented different phases of oestrus cycle. 

ight yielded bacteria that were identified as Pseudomonas, 

ieisseria catarrhalis, Iroteus, Jtaphylococcus and coli-type 

organisms. L:asley et al., (1951) obtained samples from 148 

normal cows and 40 repeat breeder cows near the time of oestrus 

by using a glass speculum 15 inches lont, by 8 mm in diameter and 

a glass pipette 16 inches by 4 mm with a 2.0 c.c. glass syringe 

attached. he pipette was inserted through the speculum placed 

in the cervical canal and the plunger of the syrinewithdrawn, 

aspirating a small amount of the uterine contents into the ster- 

ile pipette. sterile samples were taken from of the 146 

normal cows in contrast to 20, of the 40 repeat breeder cows 

sampled. They reported the identification of Jeieseria, Licro- 

coccus, ,3treptococcus, l'seudomonas, ;orynebacterium, 
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Flavobacterium, arcina, coli-aerogenes, e.ctinomyces, eroteus, 

Bacterium, daffkya, A3acteroides, yeast, Mycobacterium and Jal- 

monella. M. Iyogenes was found in 26,J of uteri from normal ani- 

mals from which bacteria were isolated and 45% of positive uteri 

of the repeat breeders. observations on the bacteeial flora of 

infertile dairy cows were made by Lindley and Hatfield (1952). 

They obtained their samples by introducing a sterile fiber spec- 

ulum eight inches long into the vagina and, a sterile glass pip- 

ette was passed through it into the uterus, then a sterile glass 

syringe containing 50-100 ml of physiological saline was con- 

nected to the pipette and the saline injected into the uterus. 

be saline was massaged slightly into the uterus and as much of 

the solution as possible was then withdrawn, and these uterine 

washings were used for culturing. They isolated 26 separate 

species of bacteria. The most prominent of these were micro- 

cocci and members of genus Neisseria. although they did not list 

the number of cows cultured or the number that were positive or 

negative for bacteria, ubey concluded that 'low grade bacterial 

infection appears to be a cause of infertility". Gunter et al., 

(1955) made a detailed bacterial study of 260 uterine and cervi- 

cal swab samples obtained from 106 dairy cows at successive heat 

periods beginning at the second or third oestrus after calving 

and continuing until the cow was settled. Anet.y-two cows were 

normal breeders and the remaining 14 repeat breelers. Thirty- 

three percent of the 201 samples from the normal cows were bac- 

teria free while only 5,. of 59 samples obtained from the repeat 

breeders were free of bacteria. They obtained samples by an 
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instrument that was patterned after the one designed by 'wrank 

and Bishop (1952). The latter's instrument is composed of a 

tube within a speculum (6cm in diameter). The tube can be 

used either to pass a sterile swab through a rubber diaphragm 

or as a receptacle into which to suck mucous, through a mouth 

piece of a rubber tubing fixed to the end of the speculum. 

Gunter et adapted this instrument by omitting the rubber 

tube and, mouth piece and all samples were taken by the means of 

a swab. The rubber diaphragm over the end of the tube was re- 

placed by a plug of 2;) agar-agar. Martinez (1955) took cervi- 

cal mucous from the neck of the uterus of 100 pregnant normal 

cows by inserting a glass speculum into the neck of the uterus 

and passing a sterile pipette through the speculum then sucking 

mucous into the pipette. He reported findins bacteria in 83 

of the samples. The bacteria were identified as i. epidermidis, 

. auranticus, J. cidominimus, Bacillus pumilis, i. luteus, 

B. firmis, M. flavum, M. caseolytius, candidus, Flavobacter- 

suaveoltns, 3acteroides fundibuliformis and Achromobacter 

liDoliticum. Gibbon et al., (1959) took samples from the cer- 

vix of 207 post-partum cows. The cervical mucous was obtained 

by passage of a cotton swab through a glass speculum. Of the 

207 cows cultured, 40.1,4 showed the presence of bacteria. They 

isolated: Jtreptococcus ,taphylococcus, diptheroids, :roteus, 

Gaffkya tetragena, Baci1ls, . coli A. aerogenes and Vibrio 

ptUs. 

Elliott (1961) examined 110 post-partum uteri obtained from 

the slaughterhouse. Gut of the 110 uteri he cultured, 67 
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(60.9;0) showed microflora, ae reported the presence of a dis- 

tinct correlation between the length of post-partum period and 

the presence of microorganisms in the uterus. From 0-15 days 

post-partum, approximately 85% of the 'uteri examined contained 

bacteria, and this percentage regressed until at 60 days only 

about 10% of the uteri contained bacteria. i.e concluded from 

his results that the normal bovine uterus becomes essentially 

free from bacteria at 60 days post-partum". ae isolated: iro 

Aap lococcus, uicrococcus, 3treptococcus, AJ,scheriphia, 

,,erobacter, kseudomonas, Jorynebacterium, Licrobacterium, 

,ctinomyces, Alcaligenes, arthrobacter, .aostridimt, a non-spore 

formins anaerobe, and Vibr 

uper411us. 

Jue to this considerable divergence of opinion regarding 

the incidence of bacteria in the normal bovine uterus, it was 

felt that further research was needed to clarify this point and 

also to see if the normal uterus becomes bacteria free at some- 

time after parturition. 

e. also isolated a mold, 

MATiailIAL3 

ample Collection 

;amples were collected during the period of October 1961 

to May, 1962. 'wows used were from the herd of the )airy science 

Department at Kansas 3tate University. 2hese are registered cows 

with normal breeding history. Nineteen of these cows calved 

normally; three showed a retained placenta. Of these 22 cows, 
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ten were aolsteins, five Ayrsaires, four jerseys and two Guern- 

seys. "ourteen cows were multiparous and seven uniparous. 

tim-1;les were taken at various days after calving from 20 

cows. irom the first six cows, samples were taken from each 

cow on the 5th, 10th, 15th, 23rd, 35th, and 50th day following 

parturition. iirom the remaining 14 cows, samples were taken on 

the 8th, 15ta, 23rd, 35th, and 50th day following parturitioa. 

Gnly one sample was taken from one cow eight days after calving, 

another two samples were taken from another cow on the 6th and 

15th day after parturition, and all were clinically healthy at 

the time of sampling. gone of them were treated with antibi- 

otics or sulfa drugs after calving. he samples were taken by 

a special instrument designed by kiinocaa (1961) who proved that 

this instrument was efficient in getting uncontaminated samples. 

The instrument is composed of an aluminum speculum, two tele- 

scopic stainless steel tubes and a rod. (iee ulate I, page 15.) 

epeculum a is made of aluminum, 15 inches long by 5/6 inch I.D. 

Its front end was spun into a taper that is approximately 3/4 

inch long reducing the diameter from 5/8 inch to 5/16 inch. The 

first tube "B" is made of stainless steel. it is 19 inches long, 

1/4 inch (.;.j. and 3/16 inch 1.J. It goes into the speculum that 

has at its back end a locking device. this locking device is 

made of two pieces, the first is partially pressed into the back 

end of the speculum and its diameter is drilled to receive the 

first tube, outer end was turned and threaded with a 1/8 inch 

pipe die and in turn receives the second piece which is a knurl- 

ed handle tapped with a 1/L inch pipe tap. -he second tube "0" 
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goes into the first tube '3". it is 22 inches long by 3/16 

inches C.D. 2he final member of the instrument ')" is a rod 

3/32 inch in diameter and 30 inches long, it is inserted into 

the second tube"C" and carries a swab at its front end and its 

back end forms an L 1-1 1/2 inches long. 

Before sterilization, the instrument is assembled by lock- 

ing the first tube "3" in the speculum "41, then inserting the 

second tube "0" through the first tube "B" and finally the rod 

"0" carrying a cotton swab is inserted into the second tube "3". 

piece of plastic tubing one inch long by 1/L inch in diameter 

was tied at the back end of the second tube '0" to protect it 

from contamination while taking the sample and consequently pro- 

tecting the swab while withdrawing the rod after getting the 

seniple. The assembled instrument was wrapped in paper and ster- 

ilized in the autoclave at 121°3 for 15 minutes. _fter terili- 

zation, it was allowed to cool, a sterile gelatin capsule was 

put on the anterior end of each of the first and second tubes 

under aseptic conditions, and then the instrument was wrapped 

again to be ready for use. io obtain the samples, the vulva of 

the cow was wiped clean with a paper towel and washed with a 

diluted solution of Roccal. The end of the assembled instrument 

was passed through the parted lips of the vulva into the vagina 

by the right hand while the left hand was in the rectum. 4 

assistant then released the knurled handle and pushed the first 

tube "B so that it extruded about three inches from beyond the 

end of speculum "e", then the handle is fixed tightly on the 
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first tube so that it does not move, hile holding the cervix 

by the left hand and holding the instrument in the right hand, 

the end of the first tube "B" is inserted into the cervical 

canal, then the assistant rushes the second tube forward beyond 

the end of the first tube till it end enters the uterus guided 

by rectal palpation. Anally the rod is pushed forward until 

the cotton swab becomes two inches or more beyond the end of 

the second tube. y this manner the end of speculum "e" will 

be at the anterior portion of the vagina, the end of the first 

tube "B" will be in the cervix, while the end of the second 

tube "c;" will be in the posterior part of the uterus and the 

end of the rod "D", the swab, will be forward in the uterus. 

i'late al, page 17, shows the instrument with the approximate 

position of each part while taking the sample. chile keeping 

the speculum and the two tubes in their positions, the uterus is 

then massaged against the swab and the swab is rotated against 

the inner surface of the uteri so that enough mucous can stick 

to the swab. The swab wae also moved to different parts of the 

uterus. To remove the instrument, the rod is withdrawn first in- 

side the second tube, then the latter is withdrawn into the first 

one and finally the whole instrument is withdrawn from the animal 

and taken to a clean room in the barn. Before taking the rod 

out of the instrument, the back end of the second tube was 

heated on a spirit lamb to sterilize it. -fter withdrawing 

the rod, the swab was rinsed immediately in 1 ml of sterile 

phosphate buffered glucose broth. This served as the source of 

inoculun for the various media employed. After rinsing the swab, 
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it was streaked over a blood agar plate. This plate and the 

tube in which the swab was rinsed were taken to the laboratory. 

The plate was incubated at 37°C and the different media were 

Inoculated with the broth in which the swab had been rinsed. 

The time between taking the sample and inoculating it ranged be- 

tween 2040 minutes. 

The uteri of five cows (35-45 days after calving) that were 

found to be bacteria free when samples were taken by the swab, 

were biopsiod to see if organisms are present in the mucous mem- 

brane itself while absent from the lumen. The biopsy instrument 

was similar to the swab instrument in being composed of a specu- 

lum, two tubes and a rod, but the end of each of the second 

tube and the rod were modified so that both ends acted as a. 

cutter. The end of the second tube "Cl" (Plate I, page 15) Is 

closed and rounded in a bullet shape, then a section about 3/8 

inch long and 1/2 the diameter of the tube was filed about 1/4 

inch back from the end. The back end of the tube carries a ham, 

die. The rod "D does not carry a swab but instead a small 

tube 1 1/2 inch long joined to its front end, and the anterior 

end of this tube was sharpened so that it acts with the filed 

section as a cutter. The instrument was sterilized and prepared 

as with the swab instrument. To get the biopsy sample the whole 

assembled instrument was Introduced into the vagina, then the 

first tube pushed into the cervix followed by the second one 

further into the uterus and finally the rod was pushed to the 

end of the second tube (see Plate II, page 17) by the right hand 

while pressing over the uterine wall with the left hand. After 
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cuttinE a piece of the uterine mucosa, d "DI" and the sec- 

ond tube tui" were withdrawn into the first tube, then the whole 

instrument was withdrawn. The cut piece was taken out of the 

instrument aseptically and put in a tube containing 1 ml of 

phosphate buffered glucose broth and taken to the laboratory 

where it was transferred from the 1 ml of the transport medium 

into a sterile tissue grinder and macerated. When the macera- 

tion was complete, the suspension was transferred to a sterile 

test tube and used for inoculating the same media used in cul- 

turing the samples taken by swab from the lumen.. 

Media 1-1:mployed, InouLAion focl.inique 
and Incubation Methods 

Each sample was streaked over the surface of three blood 

agar plates, one Sabouraud dextrose agar plate and one tryptose 

agar plate containing crystal violet at a concentration of 

1:700,000, Two tubes of thiol media and a tube of thioglycol 

late broth were inoculated with 0.1 ml of each sample. The 

blood agar plate that was streaked by the swab and another one 

of three streaked at the laboratory, the Sabouraud dextrose agar 

plate, the thioglycollate broth tube and one thiol medium tube 

were incubated at 37°C under aerobic conditions ten days. The 

second blood agar plate, the tryptose al4r with crystal violet 

plate and the second thiol medium tube were incubated in a can- 

die o* die jar with increased, CO2 at 370C ten days. The remaining 

blood agar plat was placed in Brower's jar under anaerobic con- 

dition at 37°C one week, 
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To check for sterility, all media employed were incubated 

24, hours at 37°C before use. The blood agar contained 5% ster- 

ile defibrinated ovine blood. The media employed are listed in 

Dire° Manual 9th. edition, 1953. 

thode of Isolating Organisms 

Every two days during and after the appropriate incubation 

time, the plates and tubes were observed, for growth; individual 

colonies appearing alone on the plates were considered as con- 

taminants. Colonies following the streak were isolated and 

placed on the respective medium, and each different colony type 

was considered to be a different isolate until proven otherwise. 

The isolates were then incubated under the respective conditions 

and placed in stock. 

Different methods were utilized for the thiol medium and 

thieglycollate broth. The growth from each tube was examined 

microscopically to check for organism types. 7ach tube of thiol 

medium, was streaked on two blood agar elates, one to be incu., 

bated aerobically and one to be incubated in a candle jar. 

After a five-day incubation period, each plate was observed and 

different colony types were isolated and placed in stock. The 

thioglycollate broth was streaked onto two blood agar plates per 

tut°, one being incubated aerobically and one anaerobically. 

Different colony types were isolated after a five-day incubation 

period. 
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Identification of Bacteria 

The optimum growth temperature, morphology and Gram stain- 

ing characteristics were first determined for each organism. 

These characteristics served as a basis for further classifica- 

tion. 

The separation into Micrococc'cae and streptococci was de- 

termined by morphology, catalase and nitrate reduction ability. 

The staphylococci were separated from the micrococci on the 

basis of the oxygen relationship and the anaerobic fermentation 

of glucose by the former (Bergeyts 'Manual of Determinative Bac- 

teriology, 7th ed. 1957). All streptococci were typed. with 

Lancefield A, B, C, and D antisera that were obtained from Difco 

Laboratories. The Streptococcus antigen was prepared by the 

Rantz and-Randal method (1955). 

All Gram negative rods were flagella stained by Leifsenys 

stain and technique as described by the Manual of Microbiologi- 

cal Methods, (1957). 

The Gram positive rods were observed for pleomorphism and 

stained for the presence of metachromatic granules. These cul- 

tures were also pasteurized by heating to 65°C for ten minutes 

to cheek for the presence of heat resistant spores. 

After these .. initial tests had been completed, each group 

was subjected to the indicated biochemical tests. The biochemi- 

cal tests and media employed are described in Appendix I, page 

38. All reactions of the organisms isolated are shown in detail 

in Appendix Ii, page 
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XI iHIN.L4NTAL liLSULTS 

Table 1 shows organisms isolated from each cow on the dif- 

ferent days post-partum. 

From Table 1 it is observed that with three exceptions, all 

uteri examined contained bacteria on the 8th, 15th, 23rd or 35th 

day post-partum. o organism was isolated on tiae 15tfa, 23rd or 

35th day that was not isolated on the 8th day. ,Jorynebacteria, 

streptococci and aureus disappeared slowly from the uterus. 

Table 2 shows the name of each organism, number of cows 

from which it was isolated and percent of total isolations. 

Licrococcaceae were present in the uteri of 56.5 of the 

cows examined, and this family constituted 31.35 of the total 

isolations. treptococcil corynebacteria and pseudomonads each 

constituted 11.4 of the total isolations. 

hll biopsy samples that were taken from five cows 35-5 

days after calvins, were bacteria free. 

Table 3 snows the results obtained when the uteri are di- 

vided into the groups indicating days post-partum. from these 

data the proportion of uteri containing bacteria expressed as 

precent of total uteri examined is oalculated. 

The results of 2able 3 are represented by plotting percent 

of uteri containing bacteria vs. days post-partum. ciigure 1, 

page 280 It can be seen from iire 1 that after 23 days the 

curve is almost a linear function. 

fable 4 shows the last positive sample, number of services 
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one 
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None Hone 
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croeat of total isolations each organism was 
obtained and of total number of cows examined. 

4ta 
a! 

Liamgalma os u" 
trevtococcus raecali8 

vor neba teria717747 

Name of organism 

2 ,No, of cows: .4ereent : lercent 
: from which 1 of total : of total 

it was : number ; organisms 
d : of cows : isolated 

22.5 14.25 
2 9 5.7 
2 9 5.7 
2 9 5.7 
2 9 5.7 
2 9 5.7 
1 4.5 ,. ) 

1 4.5 
1 4.5 L. 5 

1 4.5 2.5 
1 4.5 2.65 
1 4.5 
1 4.5 . d 

1 4.5 _. d 
1 4. 

: . 5 
1 4.5 . '..) ....4, c v, 

. uerugings 
(achromogenic variety) 1 4.5 

ad pcie$ 1 4.5 
eriea me1iqiea 1 4.5 

hze, 1 4.5 . 5 
obacter K ttat4s 1 4.5 . 5 

robacter eroun. es 1 4.5 ,... 5 
1 4.5 2.5 

1 1 4.5 2. ,5 

1 4.5 
,roteus rutteri 1 4.5 . d 

Total number of organisms isolated.. 35. 
Total number of cows examined 22. 



26 

Table 3. A comparison of uteri containing bacteria with those 
lacking bacteria. 

Days :Total of uteri:No. of uteri: Percent : rcent 
post : of cows : containing : lacking :containing: lacking 
partum :per group: bacteria : bacteria : bacteria : bacteria 

8 22 lc 3 86.4 13.6 
15 21 16 5 74.3 25.7 
23 20 7 13 35 65 

35 20 1 19 5 95 
50 20 0 20 0 100 

per conception and the uterine reression interval of each cow. 

It can be observed that all uteri were bacteria free at the time 

of service and no apparent relationship existed between number 

of services per conception and the length of time the bacteria 

persisted in the uterus. It also appears that uterine regres- 

sion interval days did not influence the length of time the 

bacteria persisted in the uterus The three cows with retained 

placentas did not carry the bacteria in their uteri _or a longer 

time than the other cows. 
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Table The association of uterine regression interval, nunbe 
of services per conception, and persistence of bacteria.. 

Cow Last iple 
showing bacteria 

Services;:**, Jterine re ression 
r conception : interval days 

2230 

3600 

1765* 

1450 

1590 

5R 

160C 

1075* 

37..0 

3780 

1570 

03 

2390 

299B** 

1530 

491B 

3790 

1010 

35c ;;, 

1 :lay 

10-a day 

10th day 

15th day 

23rd day 

15th day 

23rd day 

1 

1 

3 

1 

3 

samples were 1 

negative 
23rd day 6 

23rd day 1 

15th day 1 

all samples were 1 
negative 
15th day 

35th day 

15th day 

+04100***104.4.1.1.0 

samples were 
negative 
23rd day 

15th day 

15th day 

23rd day 

L. 

3 

3 

2 

2 

35 

3i 

41 

39 

37 

,2 

39 

49 

36 

30 

33 

45 

34 

41 

37 

30 

* Retained placenta. 
Due to rectal abscess rate of uterine re:ression and 

services per conception were not determined. 
*** All these cows were serviced 55-60 days after calvinE 
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2rom the results of this investigation it is seen that bac- 

teria were present in most of tne uteri in the first week after 

calving. This microflora gradually disappeared so that on the 

35th day post-partum only very few contained bacteria and on the 

50th day all the uteri were bacteria free. These results indi- 

cate that the normal bovine uterus (lumen and mucosa) is bac- 

teria free, but it becomes easily contaminated at the time of 

parturition, and again becomes bacteria free within 50 days 

post-partum. similar conclusion was stated by seller (1)27) 

and ,,lliott(1961). ,L difference is noticed between the results 

obtained, in this work and those obtained by elliot (1)61), the 

latter found that most of the uteri examined were bacteria free 

at about 60 days post-partum, while in this work it was found 

that most of the uteri were bacteria free by the 35th day post- 

partum. This difference may be due to the fact that A.liot ex- 

amined uteri obtained from the slaughterhouse without any known 

history. it is possible that many of the cows were not in good 

health and did not represent normal cows. 

liocard (1686), Jenzler (1904), -illiams and arpenter 

(1917), Carpenter (1)20 and 1921), Beaver (1922), :eller (1927), 

ierke (1929), blimmer et al., (1929), itchandJishop (1932), 

Ljuljber6 (1937), Clark and )tevenson (1949), Bradury (1949), 

;nil and Dracy (1952) and ampelmacher (1952) would seem to 

aL;reo with the conclusion stated above as they all concluded 

that the normal bovine uterus is zenerally free of bacteria. 
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hatch (1949), _aasley et al., (1951), Lindley and Hatfield 

1952), Gunter et al., (1955), and Gibbon et al., (1)59; ex- 

amined non-gravid living animals and found bacteria in most of 

the uteri. The great percentage of the uteri containing bacteria 

found by them might have been due to either contamination or 

sampling in the early post-partum days. xhese two factors would 

account for the presence of bacteria in a great many of the 

uteri. These workers obtained their samples by employing a 

speculum and a swab or pipette. it is not unfair to assume that 

the end of the swab or pipette could have been contaminated as 

it passed through the vagina. Gibbon mentioned that he took 

samples from post-partum cows, but he did not mention how many 

days post-partum. easley al., and Lindley did not indicate 

whether the cows were post-partum or not. Lartinez (1)55) exam- 

ined the cervical mucous of living pregnant cows by inserting a 

pipette into the cervix and sucking the mucous. lie found that 

63,0 contained bacteria. This high percentage could be due to 

contaltination during inserting the pipette and sucking the au- 

cous. Hagan (1)16), ,agner (1928), Conklin et al., (1931), and. 

)awson (1950) examined pregnant uteri obtained from the slaughter- 

douse and reported the presence of bacteria in most of the uteri. 

an explanation to this high percentage could be contamination. 

Conklin lists 88.7, of the uteri he examined to contain bacteria, 

and out of this 88.7, they recovered the genus aacillus 26.2,J of 

the time. his fact would leave some doubt about his technique 

due to the fact that Bacillus is a common airborne organism, and 

throughout this study and the studies cited the genus Bacillus 
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is rarely reeorted. 

These criticisms would point out that there is a great need 

for caution during taking the sample. his worker has faith in 

the methods employed during this study, especially the technique 

of betting the samples from the uterus, as very few contaminants 

were found on the streaked plates after their incubation. Las- 

sag ng the uterue and rotating of the swab against the uterine 

wall at different places helped in getting the swab loaded with 

mucous each time and in no time was it obtained free of mucous. 

It was felt that the time elapsing between collecting and inocu- 

lating the sample (20 to 40 minutes) would not give a drastic 

reduction in number of bacteria. The buffer and the peptone in 

the transport medium made it a satisfactory one ()traka and 

Aokes 1957). The blood agar plate streaked by the swab at the 

barn also served as added protection. at no time was there a 

growth on this blood agar plate while none on all the other 

media inoculated at the laboratory. It was felt that the media 

employed would isolate a very broad spectrum of bacteria. J:he 

thiol medium and thiolycollate broth proved especially valuable 

for isolating not only Vibrio (Huddleson 1948) and anaerobes but 

also facultatively anaerobic bacteria and aerobes. The 3700 was 

utilized due to the fact that the organism would have to be able 

to multiply at that temperature in order to survive in the 

uterus. Incubation times were selected in accordance with the 

length of time required for development of visible colonies. 

Lost of the organisms listed could be reasonably classified 

as saprophytes such as: Micrococcus, iseudomonas, coagulase 
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negative staphylococci, eateries, members of family Achromobac 

teriaceae4 some corynebacteria and some streptococci. Others 

isolated including certain corynebacteria, certain streptococci 

and coagulase positive staphylococci could be considered as 

pathogens. The cows examined had normal breeding histories and 

were in good health durinv their last pregnancy and after calv- 

ing. So, this group of animals appeared to be a fairly represen- 

tative sample of cows with normal uteri. 

The uteri of 20 normal healthy registered post-partum cows 

were examined for the presence of bacteria by taking swab sem-. 

pies from the uterine lumen of each on the 8th, 15th, 23rd, 35th 

and 50th day post.p Ttum. The uterine mucosa() of five cows were 

biopsied 35-45 days post-partum and examined for the presence of 

beeteria. 

A distinct correlation was found between the length of the 

post-partum period and the presence of microorganisms in the 

uterus of the cow. bacteria were isolated from 86.L of the 

cows examined on the 8th day postiopartum. By the 50th day all 

the uteri examined were bacteria free. After 35-45 days post- 

partum, none of the uterine mucosae of five cows contained bac- 

teria. 

bacteria isolated were members of the following genera: 

Staphylococcus, J,I.crococcus, Streptococcus, Impebacterium, 

P eudomenas Sercina, Gafflga Aeroba er §ClifeE71.141 Alcali- 
Fenes, .Achromobacter Flavohacteriurn, Rmala and Bacillus. 



33 

The results of this research indicate that the normal 

bovine uterus (lumen and mucosa) is bacteria free. Apparently 

microorganisms, enter the uterus at the tine of parturition, but 

they are eliminated within 50 days. 
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Oommon Biochemical Tests and .3-tains employed 

oagulase test. ,mall agglutination tubes were used to 

hold 1 ml quantities of fresh re-Jolt plasma and this plasma was 

then inoculated with a big loop full of the culture to be 

tested. 2he tubes were incubated in a water bath set at 37°c 

and observed for coagulation at 1/2, 1, 2, 3, and 24 hour inter- 

vals. positive controls were run with the test. 

taroh hydrolysis test. -tarch agar was utilized for the 

test. he plates were inoculated and when good growth appeared, 

they were flooded with dram's iodine and read for starch 

hydrolysis. 

lnole test. e2ryptone broth tubes were inoculated and in- 

cubated until heavy growth appeared, then tested for presence of 

indole by the Gore teat as follows: elle cotton stopper was re- 

moved and the underneath side wasmoistened with several drops of 

hrlich's reagent el and then with an equal amount of 

reagent e-2 the stopper was then replaced in the tube and pushed 

dawn until within one inch of the medium. he tube was then 

placed erect in a boiling water bath for ten minutes. Formation 

of red color on the stopper indicates the presence of indole. 

4YdroEen sulfide test. i'eptone iron agar was inoculated by 

stabbing. 1,2, production was indicated by blackening in the 

medium along the line of inoculation. Triple ,ugar Iron agar 

was used instead in studying members of anterobacteriaceae for 

L2, production. 

lest for aerobic or anaerobic fermentation of glucose and 
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mannitol. Tubes of glucose and mannitol .3.0.1. agar were util- 

ized. The tubes were stabbed and incubated. Lel1owin pro6'res- 

sing from the bottom was read as anaerobic utilization, whereas 

if it progressed from the top it was read as aerobic. 

,odium hippurate hydrolysis test. The medium (1,o sod. 

hippurate broth) was inoculated and incubated until Good Growth 

appeared. Hippurate hydrolysis was checked as follows: to 

0.8 ml of culture, 0.2 ml of ferric chloride reagent was added, 

mixed and observed after 15 minutes. a permanent precipitate 

indicated positive test. 

(dxygen relationsaip determination. ?hake cultures of 0.1)0 

glucose yeast extract agar were steamed to tae boiling point and 

then cooled to 45°0 in a water bath. atube was stabbed with the 

culture and immediately chilled in cold water until solidifica- 

tion occurred, then incubated at optimum growth temperature for 

4e hours. L.rganisms were classified as: 1) aerobes, those 

which Grew only on surface. 2) anaerobes, those which grew only 

on lower part of the medium. 3) -zacultativel those which Grew 

both on surface ana triroughout depth of medium. 

eptimum temperature determination. troke cultures on 

slants of a suitable agar medium were made in quadruplicate of 

each organism, then one culture was incubated at each of the 

o , 

following temperatures: 8 0, 20°c, CJ 37 
00 Alen all 

cultures were observed at the end of 1, 2, 4, and 7 days incuba- 

tion for growth. The lowest temperature of incubation giving 

the most abundant growth was considered the optimum growth 

temperature. 
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Let test for snores. Au old stroke culture (at least one 

week old) was selectee and a suspension of the organism was made 

in 3 ml sterile water. The tube of the suspension was immersed 

in a water bath at 85°C t 1°C so that the level of the water in 

the bath was within one inch of the to of the tube. The sus- 

tension was heated for ten ninutes then chilled le niacin in 

cold water for five minutes. Aseptically a tube of N. broth or 

tryptose ,thesohate broth was poured Into the tube of heated sus- 

pension, then incubated at the optimum tomnerature. Any rrowth 

appearing, within a week was an indication of a posit,) test. 

Catalase teet. Cultures 48 hours old on either nutrient 

agar or tryntose ohosehate agar slants were used for this test. 

A seal' quantity of three percent hydroron peroxide was toured 

over the slant and observed for bubbles. 

Nitrate reduction teat. Cultures were allowed to incubate 

until a turbid broth was noted and checked at intervals there- 

after. The medium employed was a 0.1, potassium nitrate broth. 

A 0.5 ml quantity of sulfanillc acid reagent and a 0.5 ml euan- 

tity of dimethyl alpha nanhthylamine reagent were added to ml 

of the broth culture which was then observed for a red color. 

If no color appeared, a small c'uantity of zinc dust was added to 

determine if a red color would develop. 

Oclatin hydrol is tort. uodlfled rrasier's (elatin agar 

(Lord's Nanual 1959) was utilized for the gelatin hydrolysis 

test. The pletes were inoculated, and when good growth aeneured, 

they were flooded with erazierts ,elatin developer and observed 

for hydrolysis of the 
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A 15a nutrient aelatin medium contained in test tubes were 

utilized to check for different forms of liuefaction. 

110, i, V. Ti test. M. a. - V. P. medium was inoculated 

and incubated until slight turbidity was observed. A) 1.0 al of 

the culture, 0.6 ml of 5a alcoholic alpha naphthol solution was 

added and mixed. Then 0.4 ml of 4C)a aqueous potassium hydroxide 

was added and mixed. The development of a red color formed at 

the top of the culture within 30 minutes we considered a posi- 

tive V. test. 

To the remaining portion of the culture a few drops of 

metb.yl red indicator were added, and a red. color was considered 

a positive a. test. Negative testa were rerun at two-day 

intervals. 

Test 12a Wal utilization of urea Al nitro °Urea, 

alants of urea glucose agar were used for this test. Growth on 

the slant indicated the use of urea as a nitrogen source, and 

yellowing indicated the production of acid from ralucoae. 

Lest for the utilization of ammonia a* a pitroxan source. 

This was ohecked by the use of ammonium phosphate glucose agar 

slants. The presence of growth on the slants was proof of the 

utilization of ammonia as a nitrogen source. The production of 

acid fro a glucose could also be checked by the presence of a 

yellow color on the slant. 

Urea hydrolygia test. Tubes of urea broth were prepared. 

and inoculated. The presence of a red color after incubation 

showed the hydrolysis of urea. The red color in the tube was 

due to the preseace of ammonium hydroxide which caused an 
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on milk Litmus milk was utilized for most 
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milk tests. It was inoculated and then incubated for 14 days, 

beinc observed the 1st, 2nd, 4th, 7th, 10th, and 14th day. The 

litmus milk was observed for acid curd, rennet curd, peptoniza.. 

tion, reduction of litmus, gas production, and pigment produc- 

tion. 

ano-tenth percent methylene blue milk was used to determine 

the reduction of methylene blue. 

Tests for notilit ianginc drop preparations of 20-hour 

cultures were used to observe motility. hotility test agar was 

also utilized. The aLar was stabbed and observed for lotility 

at 8, 24, and 48 hours. 

Sodium chloride tolerance teat@ This test was conaucted 

with the use of sodium oaloride agar and broth containing vary- 

ing percentaL,es of sodium chloride. The agar slants and broth 

tubes were inoculated and observed for crowth. 

Potato slant test. ,lotato slants were prepared and inocu- 

lated. They were then observed for growth and pigment prouuc.. 

tion 

Hemolysis of red blood cells. Cultures were streaked on 

blood aEar plates prepared with blood agar base plus the addi- 

tion of 5..; sterile ovine blood. Alpha or beta hemolysis, if 

present, was read after good growth of the culture. 

Colony and agar streak characteristics. Cultures were 

streaked on nutrient agar slants and nutrient agar plates. 

Characteristics and pigmentation were observed and recorded 



44 

after 24 to 48 hours incubation. 

Jugar fermentation test. Brom thymol blue fermentation 

broth base was prepared and 0.5a, of desired sugar was actl.ed to 

the base and tubed with a Durham tube in each tube of culture 

media. It was then autoclaved 15 minutes at 12100. The inocu- 

lated tubes were observed after the 1st, 2nd, 4th, 7th, 10th, 

14th, and 21st day of incubation. during the interval acid pro- 

duction, gas production and alkalinity were observed. 

Leifson's flaeiella stain. Tbi stain was prepared according 

to the manual of iiicrobioloical Nethods (1957) and was used on 

all Gram negative organisms. alaghteen to 20 hour culture slants 

were washed with 2-3 ml ol sterile water. This suspension was 

then placed in a small tube for a ten minute incubation period. 

Dmears prepared by allowing the suspension to wash down a clean- 

ed slide, were air dried and stained by Leif son's method. 

ellulose utilization test. Cellulose salts medium con- 

taining filter paper srips was inoculated, incubated at the 

optimum temperature and observed for 14 days. Damage to the 

filter paper was considered a positive test. 

jPore stain. 2he anyder modification of the jorner's spore 

stain was employed, using cultures 2-7 days old. 

letrachromatic granule stain. Forty-eight tour cultures 

were stained with Loeffler's alkaline methylene blue and observ- 

ed for the presence of metachromatic granules. 

Lancefield typing. the antigen was prepared from 18 hour 

cultures of streptococci grown in tryptose phosphate broth by 

the method described by :antz and aandall (1955). The capillary 



tube method precipitin test Was carried out for identification 

as described by Difco Laboratories. 

All media employed for biochemical tests tochniquos util- 

ized and methods are listed in Determ inative 'Pacterio10/7 

(Lord 1959), 
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Delayed breeding of cattle continues to be one of the major 

economic problems of the cattle industry. Since low grade bee- 

terial infection has been suggested as a possible cause of early 

embryo loss, it was felt that the bacterial flora of the normal 

bovine uterus must be known. The uteri of living nost-pregnant 

cows were examined for the presence of bacteria. Post-pregnant 

cows should give fairly representative samples of cows with nor- 

mal uteri. Living animals offer the advantage that the general 

and sexual history of the animal will be known. It ould be 

logical to assume that the uterus could be easily contaminated 

at the time of parturition, so, therefore, this study was under- 

taken to determine if the normal bovine uterus becomes bacteria 

free at sometime following parturition. 

A group of 20 normal healthy registered post-partuni cows 

was examined for the presence of bacteria in their uteri by tak- 

ing six swab samples from each of six cows on the 5th, 10th, 

15th, 23rd, 35th, and 50th day after Calving, and five swab sam- 

ples from each of the remaining 14 on the 8th, 15th, 23rd, 35th, 

and 50th day post-partum. The uterine mucosae of five cows were 

biopsied 35-45 days post-partum and examined for the presence of 

bacteria. Special instruments were used in getting the samples. 

A distinct correlation was found between the length of post- 

partum period and the presence of microorganisms in the uterus 

of the cow. From 0-10 days post-partum 36.14, of the cows exam-. 

ined showed microorganisms in their uteri. This percentage 

gradually regressed until by the 35th (ley bacteria were found in 

only 5 ,, of the uteri, and on the 50th day post-partum none of 



2 

the uteri of the 20 cows Jcamined contained bacteria* After 

35-45 days post-partum* none of the uterine mucosae of five cows 

contained bacteria. 

Bacteria isolated from the uteri of the examined po.t.partum 

cows were: Sta.t3* Microcaccus, streptococcus, 
Co rebac 

,:scherich 

um. Pseudomonaa, Barcina* fia, Aoroba.. 

eneS, hromo b ium 

Serratia, and cillus. 

The results of this investigation indicate that the normal 

bovine uterus (lumen and mucosa) is bacteria free* but it be.., 

comes contaminated at parturition. It again becomes free of 

bacteria within 50 days postpartum. 


