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ABSTRACT
Mastitis caused by Proteus mirabilis and Enterobacter cloacae has been investigated
and diagnosed. Milk samples carried-out from fifteen local buffalo breeds reared in Basrah, Iraq.
Ten clinically healthy local buffalo breeds were considered and controls. Diseased buffalo show
signs of pain, swelling, redness of the udder, watery consistency with the light red color of the
milk, with high systemic reactions including significant increase (p<0.05) in body temperature
,respiratory and heart rate. Furthermore, a significant (p<0.05) reduction of ruminal contractions
also resulted. Hematological changes of diseased buffalo and the controls, reveals Leucocytosis
due to a significant increase of Nurtrophiles. All diseased animals are clinically examined and
the results reveals that Proteus mirabilis and Enterobacter cloacae are the common causes of
mastitis which confirmed by VITEK 2 System. The gram stain from the milk smears show a
clear Gram-negative rods, Moreover, swarm forming and pale colony character was also
indicated of the swab culture of the causative Proteus mirabilis. It has been concluded that acute
buffalo mastitis could be of adverse effect, Nevertheless, the knowledge of the causative agents
of mastitis are very useful for the fast treatment of the disease.

INTRODUCTION
Mastitis is believed to be an important big problem in dairy animals life . The disease
reflect an inflammation of mammary gland mostly caused by bacterial organisms which
contaminated and got entrance thorough teat orifice and multiply (1). Several infectious agents,
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including those caused by microorganism such as (Coli form bacteria, Brevibacterium
erythrogenes, leptospira spp, Micrococcus cerasinus, Serratia marcescens, Micrococcus
hromidrogenes, Micrococcus roseus, Sarcina rubra Lactorubefaciens gruber, and so on .) could
be the causative agents of mastitis (2). Although, some viruses and some species of yeast such
as red yeast (Monascus purpureus) has been cause the disease in the same matter (3). Most of the
above microorganism are present in the animals environment (soil, water, food, bedding, and
even the manure). Those causative organisms can create udder inflammation and a clinical
disease in which an udder abnormality or secretions is detected and notes , Moreover, according
to the severity of clinical manifestations, clinical mastitis can be mild, moderate or severe,
Therefore, animals suffer from the mild type of the disease will have abnormal milk contains
suck as , flakes , clots with abnormality of the inflamed udder like hot and swollen udder,
However, systemic reaction might also detected(1). On the other hand, the acute or severe
clinical inflammation will suddenly started accompanied by acute local inflammatory signs,
abnormalities of milk contains and sever systemic manifestations, Moreover diseased animal
may also show signs of depression, weakness and dehydration (2).
It has been documented that mastitis can have unsatisfactory results and bad
consequences, due to buffalo producing milk which had some abnormal coloration such as
red or pink due to the presence of red blood cells, As, the animal owners could not afford the
economic losses because of the abnormalities of the diseased milk which will always refused by
the consumers , in addition that a premature culling of affected animals (4). It has been
documented that the most important causative agents of mastitis are Enterobacter and Proteus
mirabilis, Since, they are widely distributed in soil, water and faces(5), However, The general
protection could done via good hygienic measure and reducing udder contamination and
trauma(3). The aim of the present work was to investigated the special bacterial causes of
mastitis in inflamed udders of diseased buffalo at Basrah, Iraq.

MATERIALS AND METHODS
The study area and examination of animals:
Fifteen local buffalo breeds was show clinical signs of mastitis .Animals are of
different ages reared in Basrah, Iraq. Ten clinically healthy buffalo breeds was considered as
controls. Complete clinical examinations has been applied for all animals. With special privacy
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developed for udder examination, Since, The animals were properly restrained, and identified,
Moreover, the abnormalities of the diseased udder including, secretions, size, consistency and
udder temperature was examines clinically by inspection and palpation, Furthermore, animal
reaction such as pain during palpation, changes of milk contains was also taken in consideration
as an clinical indications of the mastitis.
Sampling
Blood samples: Blood was take out from jugular vein from each animal mixed with EDTA for
complete blood picture using the automatic cell counter from Beckman, (USA).
Milk samples: Diseased milk was collected under aseptic precautions and the clinical data was
listed from diseased animals, ten(10) ml of milk was aspirated and applied in sterile plastic
vials for further analysis (3).
Staining:Milk smears stained with Gram’s stain. Was used for the primary identification of the
causative bacteria
Culture media: Suspected samples of milk was cultured in Nutrient broth, then incubated for
about 24 h . Furthermore, the sample was transfer to subcultured from nutrient broth medium
into blood agar medium, MB and MacConky agar and incubated for about 24 h. In order to
obtain pure cultures. Moreover, the colony size, shape, consistency and the color was recorded
,On the other hand, a microscopic examination has been applied for the gram stain smears of the
bacterial isolates (6).
Biochemical tests: VITEK 2 systems (Biomerrieux /France) which uses Advanced
Colorimetry™ , was used in this study to confirm the diagnosis of the isolated bacteria.
The statistics: The statistical difference between diseased buffalo and the controls was done and
The significance of variations was analyzed statistically using student t-test (7).

RESULTS
Diseased local buffalo breeds show different clinical manifestations including the local
inflammatory signs which include hotness, redness, swelling and pain of the infected udder
(100%),

Partial or complete loss of appetite (80%), Lameness and unable to recumbency

(53.3%), However, fluid exudation, and crepitating was detected on infected quarter area
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(46.6%). Moreover, Infected milk was watery in its consistency with light red color (46%) and
grinding of teeth, table No.1.

Table1: Clinical manifestations of Acute buffalo mastitis.

Clinical manifestations

%

n=15

Local inflammatory signs which include (hotness, redness,
swelling and pain of the udder )
Partial or complete loss of appetite

100

Lameness and unable to recumbency

53.3

Fluid exudation, and crepitating

46.6

Watery milk in its consistency with light red color

46.6

Grinding of teeth

33.3

80

Significant increase (p<0.05) has been detected in the vital signs including (animal body
temperature , respiratory rates and also the heart rates compared with controls, Furthermore, the
contractions rates of the rumen was significantly lowered (p<0.05) in diseased buffalo than in
controls table No.2.

Table 2: The vital signs and ruminal contractions of diseased buffalo and controls
The parameters

Control buffalo n=10

Diseased buffalo n=15

Animal body temperature C°

39.3± 0.28

41.4 ± 0.7*

Respiratory rate/ min

23.2± 1.82

58.6± 7.2*

Heart rate/ min

65.8±1.72

95.7± 11.83*

Ruminal contractions / 5 min

4± 0.54

2± 32 *

(Values are mean ± standard error of mean. * (P<0.05).
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Concerning the blood change parameters, results indicated a significant increase(p<0.05)
in total leukocyte count which occur due to a significant (p<0.05) Nutrophelia, table No.3.

Table 3:Hematological changes of diseased buffalo and control animals
Hematological values
Control buffalo n=10
Diseased buffalo n=15
7.92±1.47
7.94±0.33
TRCx 106
Hb mg/dL
PCV %
TLC x 103
Nutrophiles %
Lymphocytes %
Eosinophiles %
Monocytes%
Basophiles %

13.22 ± 1.77

13.4±0.2

32.62 ± 3.63

33.94±1.09

11.23±1.66

15.74±1.08*

47.22 ± 2.34

53.11± 4.56*

45.56 ± 1.78

41.42± 5.12

3.34 ±0.64

3.54±0.06

4.46± 0.23

5.61±0.14

0.56± 0.07

0.32± 5.42

(Values are mean ± standard error of mean. * (P<0.05).

Moreover, Microbiological findings of the cultured media was confirmed by VITEK 2
systems and the results indicated the causative agents which are Enterobacter cloacae and
Proteus mirabilis, figure 1 and 2.
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Fig1: VITEK 2 systems for Proteus mirabilis

Fig2 : VITEK 2 systems for Enterobacter cloacae

135

Bas.J.Vet.Res.Vol.19, No.2, 2020.

Furthermore, the gram stain of the milk smears showed a clear Gram-negative rods figure
3. However, swarm forming and pale colony character was also indicated of the swab culture of
the causative Proteus mirabilis, figure 4. Moreover, the characteristic feature of cultural media of
was also indicated figure 5.

Fig 3: Milk sample :Gram stain from the milk smear show a clear Gram-negative rods

Fig 4: Swarm forming and pale colony character was indicated of the swab culture of the
causative Proteus mirabilis( blood agar)
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Fig 5:The characteristic feature of cultural media of Enterobacter cloacae was indicated(blood
agar)

DISCUSSION
It has been shown that, the parturition mostly related to udder problems after calving in
the large ruminants like cattle and buffalo which appears to be common due the animal
physiological conditions around the time of parturition, Since, the lower cisternal storage of
secreted milk and milk production might play good roles as a predisposition (8) On the other
hand, the anatomy of the animal udder might add another factors such as , the long teat size and
the thick streak milk canal which was different in both cattle and buffalo , Moreover, the edema
of the udder, the presence of blood in milk and hypogalacia will also occur in cattle and buffalo
with same circumstances (9) .
Mastitis, reveres to the inflammation of tissues of udder (the mammary gland) occur due
to different types of microorganisms, in both cattle and buffalo , such as Streptococcus galactiae
and disagalactia, Staphylococcus aureus, E. coli, Klebsiella pneumoniae, Corynebacteium spp.
, and Mucoplasmas, However, some viruses and some yeast such as Monascus purpureus ( the
red yeast) might also responsible for local udder infection and also systemic invasion resulting
in erythrocyte destructions due to capillary damage leading to discoloration of milk (8,10).
Mastitis will affects the quality of the milk , However, that the production of the diseased
animals with chemical and physical changes of milk contains, However,
which different alterations will observed and detected (11).
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Diseased buffalo exhibited different clinical signs which also mentioned by (1,2,4), As the local
and systemic clinical signs exhibited by the diseased buffalo confirmed the acute stage of the
disease in infected animals, Moreover, Clinical diagnosis of mastitis were easily confirmed by
the appearance of clinical signs noticed on the inflamed udder (12). Ali and Ahmad (13) has
been mentioned that, The acute type of mastitis might appears suddenly with its local and
systemic reactions like,

the chemical, physical, and

other changes in the infected milk,

However, the inflamed udder might changed to red, hot and hard palpation. Beside the animals
will feel pain on touching the udder, Moreover,

the diagnosis of

clinical mastitis could

based on the abnormal appearance of the milk. Milk may be off different colors and
consistency, watery, have blood, serum like , mixed with pus and milk clots, flakes and shreds
containing of cellular and fibrin debris(14).
The abnormal color of milk could be due to the result of changes in vascularity during
acute inflammation and flow of blood from body of animal to the udder. The shape and size of
udder was also changes grossly, Furthermore, Muhammad et al ,1997 (12) was added that, the
presence of blood in milk have different cusses,

as hemorrhage occurs when passage of

erythrocytes was detected via the wall of capillaries inside the tissues in which the erythrocytes
exist in the alveolar cells of the mammary tissues occurs after calving. Moreover, When there
are large number of erythrocytes in the milk , then it will give the milk a pinkish or reddish
colors , On the hand udder trauma seems to be an additional important reason for the presence of
blood in the milk (15).
Results was also indicated that the, main cause of the acute buffalo mastitis of the current
study was Enterobacter cloacae and Proteus mirabilis, which confirmed by the VITEK system
2.It have been documented that Proteus spp. are uncommon environmental mastitis causative
agent that have been known to cause an important felid outbreaks (16). It was also shown that
any new infections could occur at any time during lactation period . It was also mentioned that
dairy animals especially at the early stage of lactation will be at high risk for new udder infection
because of depression of immunity and the stress status which related to the postpartum period .
It was indicated that Proteus spp. was always responsible for the great buffalo herds outbreaks,
However, the infection could mostly become chronic (17).On the other hand, the Enterobacter
spp. considered as an important cause for the udder infection which could be isolated easily from
the infected milk. Moreover, it have the similar structure to other coliform type of bacteria with
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an especial odor ( fecal odor ) when the organism grow on the blood agar, The spread of
Enterobacter spp. are indicated firstly via environmental contact, especially when teats are come
in contact with manure or contaminated bedding.(18,19). Infection with Enterobacter could be
created from water supply, animal houses and milk equipments. The organism is thought to be
more resistant to disinfectants , Furthermore The bedding used to animal house could be the
primary source of environmental

pathogens, but will contaminated teat dips, intra-mammary

infusions, water used for udder preparation before milking, However, mud holes, skin lesions,
teat trauma, and flies have all been incriminated as sources of infection, .(20).
It has been postulated that, Udder infection due to coliform organisms will cause high economic
losses due to the losses of bad milk quality , Moreover, high mortalities of diseased animals was
also recorded(10).

اﻟﮭﺎب اﻟﻀﺮع اﻟﺤﺎد ﻓﻲ اﻟﺠﺎﻣﻮس اﻟﻤﺘﺴﺒﺐ ﻋﻦ اﻟﺨﻤﺞ ﺑﺠﺮاﺛﯿﻢ
Enterobacter cloacae and Proteus mirabilis
 اﻟﻌﺮاق،ﻓﻲ اﻟﺒﺼﺮة
ﻣﮭﻨﺪ ﺣﺴﻦ ﻟﻔﺘﺔ
. اﻟﻌﺮاق، اﻟﺒﺼﺮة، ﺟﺎﻣﻌﺔ اﻟﺒﺼﺮة، ﻛﻠﯿﺔ اﻟﻄﺐ اﻟﺒﯿﻄﺮي، ﻓﺮع اﻟﻄﺐ اﻟﺒﺎطﻨﻲ واﻟﻮﻗﺎﺋﻲ

اﻟﺨﻼﺻﮫ
ﺗﻢ اﺧﺘﯿﺎر ﻋﺸﺮة ﻣﻦ.  اﻟﻌﺮاق،ﺷﺨﺺ اﻟﺘﮭﺎب اﻟﻀﺮع اﻟﺤﺎد ﻓﻲ ﺧﻤﺲ ﻋﺸﺮ ﻣﻦ اﻟﺠﺎﻣﻮس اﻟﻤﺤﻠﻲ ﻓﻲ اﻟﺒﺼﺮة
اظﮭﺮت اﻟﺤﯿﻮاﻧﺎت اﻟﻤﺮﯾﻀﺔ ﻋﻼﻣﺎت اﻻﻟﻢ ﻣﻊ ﺗﻮرم واﺣﻤﺮار. اﻟﺠﺎﻣﻮس اﻟﻤﺤﻠﻲ اﻟﺴﻮي ﺳﺮﯾﺮﯾﺄ ﻋﺪت ﻛﻤﺠﻤﻮﻋﺔ ﺳﯿﻄﺮة
 ﺗﺮداد، وﻛﺎن اﻟﺤﻠﯿﺐ اﻟﻤﻠﺘﮭﺐ ﻣﺎﺋﻲ اﻟﻘﻮام ذا ﻟﻮن اﺣﻤﺮ ﺧﻔﯿﻒ ﻓﻀﻼ ﻋﻦ ارﺗﻔﺎع ﻣﻌﻨﻮي ﻓﻲ درﺟﺎت ﺣﺮارة اﻟﺠﺴﻢ، اﻟﻀﺮع
اﻟﺘﻨﻔﺲ وﺿﺮﺑﺎت اﻟﻘﻠﺐ وﻋﻠﻰ اﻟﻌﻜﺲ ﻣﻦ ذﻟﻚ ﻓﻘﺪ اﻧﺨﻔﻀﺖ ﺗﻘﻠﺼﺎت اﻟﻜﺮش ﺑﺸﻜﻞ ﻣﻌﻨﻮي ﻓﻲ اﻟﺤﯿﻮاﻧﺎت اﻟﻤﺮﯾﻀﺔ ﺑﺎﻟﻤﻘﺎرﻧﺔ ﻣﻊ
 اظﮭﺮت ﻧﺘﺎﺋﺞ اﻟﺘﻐﯿﺮات اﻟﺪﻣﻮﯾﺔ وﺟﻮد ارﺗﻔﺎع ﻣﻌﻨﻮي ﻓﻲ اﻟﻌﺪد اﻟﻜﻠﻲ ﻟﺨﻼﯾﺎ اﻟﺪم اﻟﺒﯿﺾ ﺑﺴﺒﺐ اﻻرﺗﻔﺎع. ﺣﯿﻮاﻧﺎت اﻟﺴﯿﻄﺮة
 ﻓﺤﺼﺖ ﺟﻤﯿﻊ اﻟﺤﯿﻮاﻧﺎت اﻟﻤﺮﯾﻀﺔ ﺳﺮﯾﺮﯾﺄ وﻣﺨﺘﺒﺮﯾﺎ وﺑﯿﻨﺖ اﻟﻨﺘﺎﺋﺞ ان اﻟﻤﺴﺒﺒﺎت اﻟﺮﺋﯿﺴﺔ ﻻﻟﺘﮭﺎب اﻟﻀﺮع. اﻟﻤﻌﻨﻮي ﻟﻠﻌﺪﻻت
 اﻛﺪ ﺗﺸﺨﯿﺺ اﻟﺸﺮاﺋﺢ اﻟﺰﺟﺎﺟﯿﺔ اﻟﻤﺼﺒﻮﻏﺔ ﺑﺼﺒﻐﺔEnterobacter cloacaeوProteus mirabilis ﻓﻲ اﻟﺠﺎﻣﻮس ھﻲ
VITEK 2 ﻛﺮام ظﮭﻮر اﻟﻤﺴﺒﺒﺎت اﻟﺠﺮﺛﻮﻣﯿﺔ ﺑﺸﻜﻞ ﻋﺼﯿﺎت ﺳﺎﻟﺒﺔ اﻟﻜﺮام واﻟﺘﻲ ﺗﻢ ﺗﺄﻛﯿﺪ ﺗﺸﺨﯿﺼﮭﺎ ﺑﺎﺳﺘﺨﺪام ﺑﺮﻧﺎﻣﺞ
 اﺳﺘﻨﺘﺞ ﻣﻦ ھﺬه اﻟﺪراﺳﺔ ان اﻟﺘﮭﺎب.  ﻓﻀﻼ ﻋﻦ ﻣﻼﺣﻈﺔ ظﺎھﺮة اﻟﻌﺞ واﻟﺸﻜﻞ ﺑﺎھﺖ اﻟﻠﻮن ﻟﻠﻤﺴﺘﻌﻤﺮات اﻟﺠﺮﺛﻮﻣﯿﺔ.System
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اﻟﻀﺮع اﻟﺤﺎد ﻓﻲ اﻟﺠﺎﻣﻮس ذا ﻓﻌﻞ ﻋﻜﺴﻲ ﻣﺆذي ﻟﻠﺤﯿﻮان اﻟﻤﺼﺎب ﻟﺬا ﻓﺄن اﻟﺘﻌﺮف ﻋﻠﻰ اﻟﻤﺴﺒﺒﺎت اﻟﺮﺋﯿﺴﺔ ﺗﺴﺮع ﻣﻦ ﻋﻤﻠﯿﺔ
.اﻻﺳﺘﺠﺎﺑﺔ ﻟﻠﻌﻼج

REFERENCES
1-Constable, P.D., Hinchcliff, K.W., Done, S.H., Grunberg, W. (2017).VeterinaryMedicine. A
textbook of the diseases of cattle, sheep, goats and horses 11thedn, WB Saunders Co.
2- Smith, B.P .(2009). Large animal internal medicine .4th ed. Mosby.
3- Hogan, J.S., Gonzalez, R.N., Harmon, R.J., Nickerson, S.C.S., Oliver, P., Pankey, J.W., Smith,
K. (1999). Laboratory Handbook on Bovine Mastitis. Madison, WI: National Mastitis
Council.
4- Sharif, A., Muhammad, G., and Sharif, M. A .(2009). Mastitis in Buffaloes. Pakistan J. Zool.
Suppl.9, 479-490.
5- Klaas,I. C and Zadoks, R. N. (2017). An update on environmental mastitis: Challenging
perceptions. Transbound. Emerg. Dis. 65(1):166-185.
6-

Quigley,

L., McCarthy,

R., O'Sullivan,

O., Beresford,

T.P., Fitzgerald,

G.F., Ross,

R.P., Stanton, C., Cotter, P.D.(2013). The microbial content of raw and pasteurized cow
milk as determined by molecular approaches. J. Dairy Sci. 96(8):4928-37.
7-Leech,N.L.,Barrett,K.C
intermediate

and

statistics:

use

for

Morgan,G.A.(2007).SPSS
and

interpretation

.1st

ed.

Lawrence

Erlbaum Asso.USA. 20-51.
8- George, L.W, Divers, T.J, Ducharme, N., Welcome. F.L (2008). Diseases of the teats and udder.
In: Rebhun’s Diseases of Dairy Cattle. 2nd Ed.Divers, T.J., and S.F. Peek (eds.). SaundersElsevier Publishers, St.Louis, USA. p: 335.
9-

Fagiolo,

A.,

Lai,

O.

(2007).

Mastitis

in

buffalo.

Italian

Anim.Sci.6(2)

200-

206.
10- Mbuk, E. U., Kwaga, J. K. P., Bale, J. O. O., Boro, L. A. and Umoh, J. U.(2016). Coliform
organisms associated with milk of cows with mastitis and their sensitivity to commonly
available antibiotics in Kaduna State, Nigeria. J. Vet. Med. Ani. Heal.

140

Bas.J.Vet.Res.Vol.19, No.2, 2020.

11-Ruth, N., Zadoks, J.R., Middleton, S. M., Katholm, J., and Schukken, Y. H.

(2011).

Molecular Epidemiology of Mastitis Pathogens of Dairy Cattle and Comparative Relevance to
Humans. J .Mam. Gland Biol Neo. 16(4): 357–372.
12-Muhammad, G., Zia, T., Athar, M., Khan, M.Z .(1997). Haemogalactia (blood
in milk) in a buffalo. Pakistan Vet. J. 17(2): 102-103.
13-Ali, M.A., Ahmad, M.D., Muhammad, K. & Anjum, A.A.( 2011). Prevalence of sub-clinical
mastitis in dairy buffaloes of Punjab, Pakistan J. of Ani. Plant Sci. 21(3): 477–480.
14- Awale, M.M., Dudhatra, G.B., Kumar, A., Chauhan, B.N., Kamani, D.R., Modi, C.M., Patel,
H.B. & Mody, S.K. (2012). Bovine mastitis: A threat to the economy. Open Access Sci.
Rep.1:295.
15- Bansal, B.K., Hamann, J., Grabowski, T.N. & Singh, K.B. (2005). Variation in the composition
of selected milk fraction samples from healthy and mastitic quarters, and its significance for
mastitis diagnosis. Dairy Res. 72(2): 144–152.
16- Różalski, A., Torzewska, A., Mory, M., Kwil, I., Maszewska, A., Ostrowska, K., Drzewiecka,
D., Zabłotni, A., Palusiak, A., Siwińska, M., Stączek, P.(2012). Proteus sp. – an
opportunistic bacterial pathogen –classification, swarming growth, clinical significance and
virulence f actors. Folia Biologica et Oecologica. 8: 1–17.
17-

Emmanuel,

F.

(2006).Existence

result

for

a

model

of

Proteus

mirabilis swarm". Diff. Integ.Equ. 19 (6): 697–720.
18- Bilal, M.Q., Iqbal, M.U., Muhammad, G., Avais, M. & Sajid, M.S. (2004). Factors affecting the
prevalence of clinical mastitis in buffaloes around Faisalabad District. Pakistan Int. J.Agri.
Biol. 6(1): 185-187.
19- FAO (Food and Agriculture Organization of the United Nations). (2009). Milk for health and
wealth. Prepared by J. Henriksen. FAO Diversification Booklet, No. 6. 70 p. Available at
http://www.fao.org/docrep/011/i0521e/i0521e00.htm Accessed 2013-07-07.
20- Girma, S., Mammo, A., Bogele, K., Sori, T., Tadesse, F. & Jibat, T. (2012). Study on
prevalence of bovine mastitis and its major causative agents in West Harerghe zone, Doba
district, Ethiopia. Vet. Medi. Ani.l Heal. 4(8): 116–123.

141

