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ABSTRACT

Background: Mastitis is one of the most prevalent complex diseases of mammals with high
economic impact in dairy industry worldwide. Most of the published inland reports on bovine
mastitis are mainly based on sub-clinical mastitis and some extent to clinical types.

Objectives: The main objectives of this study are (a) to compare the bacterial pathogens associated
with sub-clinical, clinical and chronic mastitis, and (b) to detect the antibiotic sensitivity and
resistance status of the isolated bacteria from different types of mastitis.

Materials and Methods: A total of 539 quarter milk samples, collected from lactating cows of
Rajshahi and Mymensingh districts were subjected to standard bacterial culture and biochemical
tests during the period of 2010-2011. Antibiogram test was done on bacteria isolated from sub-
clinical (n = 444), acute (n = 35) and chronic (n = 60) mastitis cases include Staphylococcus spp.,
Streptococcus spp., Bacillus spp. and E. coli in 78.54%, 80% and 71.67% milk samples as a single
and 21.46%, 20% and 28.33% as mixed infection, respectively.

Results: The Staphylococcus spp. was recorded as major pathogen for all the sub-clinical
(42.15%), acute (45.71%) and chronic (41.67%) mastitis cases. The right hind quarters were found
significantly (p < 0.05) more affected with sub-clinical, acute and chronic types of mastitis than
other three quarters in cows. The highest sensitivity (up to 100%) was recorded with gentamicin,
ciprofloxacin, oxytetracycline and enrofloxacin against all the tested four organisms isolated from
sub-clinical, clinical and chronic mastitis cases. Antibiotic resistance was highly prevalent,
especially streptomycin (70-100%), amoxicillin (30-100%) and ampicillin (0-100%) against the
four isolated bacteria of three different types of mastitis.

Conclusions: It may be concluded that there is a need to establish a nationwide plan for
monitoring the resistance of antibiotics and ensure the cautious use of antibiotics in the veterinary
medical practices.
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INTRODUCTION

There is a heavy shortage and high demand of milk due to inadequate production, population
growth and increasingly urbanized population in Bangladesh. To meet the increasing demand,
improvements of genetic potential of the indigenous zebu cattle through cross-breeding
program with high-grade exotic breeds have been launched in Bangladesh. The cross-bred
dairy cattle are genetically highly susceptible to diseases including mastitis. Bovine mastitis is a
multi-etiological and commonly prevalent most costly complex disease in dairy industries.
Bangladesh does not have a well-established Veterinary medical services (VMS) infrastructure
up to rural levels. As a result, most of the VMS are performed by non-vet graduates and quack
which results massive indiscriminate and improper use of antibacterial drugs in animal health
that lead to development of resistant to the causal bacteria. However, the prevalence and risk
factors of bovine mastitis,* isolation and identification of bacterial pathogens associated with
clinical™®* and sub-clinical mastitis with antibiogram®®*® pattern have been reported from
Bangladesh. Therefore, this paper describes the comparison of bacterial pathogens associated
with sub-clinical, acute and chronic bovine mastitis with their sensitivity and resistance status
in the smallholder and commercial dairy farms in Bangladesh.

MATERIALS AND METHODS
Sources of milk samples

This research study on different types of mastitis was conducted in a total of 151 cross-bred
lactating dairy cows in the districts of Rajshahi and Mymensingh during the period from 2010
to 2011. Milk samples (n = 444) were collected from 111 cross-bred (Shahiwal x Deshi)
apparently healthy lactating cows of Rajshahi Dairy and Breed Development Farm (RDBDF),
Rajabari hat, Rajshahi and 95 Milk samples from clinical mastitis cases were collected from 40
cross-bred (HF x Deshi) lactating cows of adjacent villages of BAU Campus (AVBAU),
Mymensingh. Relevant information about the farm, breed and history of individual animal were
recorded.

Milk samples were collected aseptically for bacteriological studies as suggested earler.*® Prior
to sampling, the first streams of milk were discarded, and teat ends were disinfected with cotton
swabs soaked in 70% alcohol and allowed to dry. The milk samples were collected in sterile
polypropylene containers and brought to the laboratory for bacterial cultural and antibiogram
studies.

Categorization of mastitis

Three types of mastitis were used in this study that include clinical mastitis (inflammation
with visual signs of inflammation in the udder and changes in milk), sub-clinical mastitis
(inflammation of the udder without any visible abnormalities of either the milk or the udder)
and chronic mastitis (clinical mastitis cases that remain infected for more than 100 days) in
lactating dairy cows.

Media reagents and chemicals
The media and reagents were either obtained from Hi-media, Mumbai or prepared in the
laboratory as per the standard procedures.”*
18
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Identification of isolates

In the present study, bacteriological examination was carried out for the detection of mastitis
in which from each sample approximately 0.01 ml of milk sample was cultured on nutrient
broth, nutrient agar, blood agar, MacConkey's agar and Eosine Methylene Blue agar plates and
the plates were incubated at 37°C for 24 to 48 hours. The staining and cellular morphological
features of organisms were ascertained by microscopic examination of Gram stained smears.
The bacteria isolated were identified on the basis of their cultural, morphological and
biochemical characteristics.”*

Antibacterial susceptibility testing

Antibiotic sensitivity test was done by Kirby- Bauer’s disc. The antibiotic discs (M/s Hi
Media Laboratories Ltd., Mumbai) viz., Ampicillin 10 pg, Amoxycillin 10 pg, Enrofloxacin 5
pg, Doxycycline 30 pg, Gentamicin 120 pg, Streptomycin 10 pg, Oxytetracycline 30 g,
Chloramphenicol 30 pg, Ciprofloxacin 5 pg and Erythromycin 15 pg were placed on the
surface of charged agar plates aseptically at equidistant from each other. The plates were
incubated at 37°C overnight. The susceptibility of the isolates to different drugs was observed
by measuring zone of inhibition.”” Of all bacterial isolates, each of ten isolates of
Staphylococcus spp., Streptococcus spp., Bacillus spp. and Escherichia coli were selected
randomly for testing the antibiotic sensitivity status against the antibiotics.

Staining methods

Gram's staining method was followed to study the morphological and staining characteristics
bacteria and to provide information about the presumptive bacterial identification.”® A small
colony was picked up from different agar plates with a bacteriological loop, smeared on
separate glass slide and fixed by gentle heating. Crystal violate was then applied on each smear
to stain for two minutes and then washed with running water. Few drops of Gram’s iodine
solution was then added to act as a mordent for one minute and then again washed with running
water. Acetone alcohol was then added for few second. After washing with water, safranin was
added and allowed to stain for two minutes. The slides were then washed with running water,
blotted and dried in air and then examined under microscope with high power objects (100 x)
using immersion oil.

Statistical analysis

Data were analyzed by Chi square (x%) test and Z test for comparison of proportion to observe
the significant influence of the bacteria for causing mastitis of cows using IBM SPSS
(Statistical Package for Social Science) statistics 20.0 software.

RESULTS
Bacteriological investigation
Sub-clinical mastitis
Bacteriological examination of milk samples of 444 apparently healthy quarters (111 cows)
revealed that 261(58.78%) quarters had different infections, of which 205 (78.54%) quarters
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had single bacterial infections and 56 (21.46%) quarters had mixed bacterial infections (Table
1). Infection was observed in 114 front and 147 hind quarters of total 261 quarters (Table 2).

Table 1. Comparison of bacterial pathogens isolated from different types of bovine mastitis

SN Organism isolated

Sub-clinical mastitis

Acute mastitis

Chronic mastitis

(n =444) (n=35) (n=60)
Quarter +ve  Isolates Isolates Isolates
No. (%) No. (%) No. (%) No. (%)
1. Staphylococcus spp. 261 (58.78) 110 (42.15) 16 (45.71) 25 (41.67)
2. Streptococcus spp. 261 (58.78) 039 (14.94) 04 (11.43) 07 (11.66)
3. Bacillus spp. 261 (58.78) 017 (06.51) 02 (05.71) 06 (10.00)
4. Escherichia coli 261 (58.78) 039 (14.94) 06 (17.14) 05 (08.33)
5. Staphylococcus spp.+ 261 (58.78) 009 (03.45) 01 (02.86) 04 (06.67)
Streptococcus spp.
6. Staphylococcus spp. + 261 (58.78) 013 (04.98) 01 (02.86) 04 (08.33)
Bacillus spp.
7. Staphylococcus spp. + 261 (58.78) 015 (05.75) 02 (05.71) 03 (05.00)
Escherichia coli
8. Bacillus spp. + 261 (58.78) 011 (04.21) 01 (02.86) 02 (03.33)
Streptococcus spp.
9. Bacillus spp. + 261 (58.78) 008 (03.07) 02 (05.71) 03 (05.00)
Escherichia coli
Overall (Single infection) 261 (58.78) 205 (78.54)* 28 (80.00)* 43 (71.67)*
Overall (Mixed infection) 261 (58.78) 056 (21.46) 07 (20.00) 17 (28.33)

n = No. of quarter milk samples tested

Acute mastitis

*Significantly (p < 0.05) higher

Over 35 milk samples of acute mastitic quarters revealed that 35 quarters had different
infection having 28 (80%) quarters single bacterial infections and 7 (20%) quarters mixed
bacterial infections (Table 1). Among acutely infected 35 quarters, front and hind quarters were
10 (28.57%) and 25 (42.46%) respectively (Table 2).

Chronic mastitis

Sixty milk samples examined from chronic mastitic quarters of which, 40 cows showed that
all had different infections of which single and mixed bacterial infections were found 43
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(71.67%) and 17 (28.33%) quarters respectively (Table 1). Again, of the 60 quarters, 20 Front
quarters and 40 Hind quarters were infected with chronic mastitis (Table 2).

Table 2. Quarter-wise prevalence of different types of mastitis in lactating

dairy cows
SN Quarter side Acute mastitis Chronic mastitis SC mastitis
(n =35) (n =60) (n=261)
+ve quarter +ve quarter +ve quarter
No. (%) No. (%) No. (%)
@ Left front 05 (14.28) 10 (16.67) 60 (22.99)
@ Right front 05 (14.28) 10 (16.67) 54 (22.99)
Sub-total 10 (28.57) 20 (33.33) 114 (43.68)
® Left hind 10 (28.57) 17 (28.33) 71 (27.20)
@ Right hind 15 (42.86)* 23 (38.33)* 76 (29.12)*
Sub-total 25 (71.43) 40 (66.67) 147 (56.32)

SC = Sub-clinical *Significantly (p < 0.05) higher

Antibiogram study of the isolated bacteria
Antibiotic sensitivity pattern of Staphylococcus spp. and Streptococcus spp.

The antibiograms of various isolates of Staphylococci and Streptococci from the three types
of mastitis were found to be 100% sensitive to gentamicin, ciprofloxacin, erythromycin,
chloramphenicol, enrofloxacin and oxytetracycline whereas 70% resistant to ampicillin and
streptomycin. In SCM, 70% resistant to amoxycillin and in acute and chronic mastitis, 100%
resistant to amoxycillin. In SCM and acute mastitis, nature of being resistance towards
doxycycline is 30% whereas in chronic mastitis, isolates were 70% resistant to doxycycline
(Table 3)

Antibiotic sensitivity pattern of Bacillus spp.

Various isolates of Bacillus spp. in three cases of mastitis were found to be 100% sensitive to
gentamicin, ciprofloxacin, enrofloxacin and oxytetracycline. Again, in both SCM and acute
mastitis isolates were 70% resistant towards ampicillin, amoxicillin and streptomycin but 100%
resistant in chronic mastitis. However, 30% resistant to erythromycin and chloramphenicol in
case of SCM and same observation was found in acute case only for erythromycin. 100%
sensitivity was found to chloramphenicol and doxycycline in acute case and only doxycycline
in SCM. Again in chronic mastitis, various isolates were 70% resistant to erythromycin,
chloramphenicol and doxycycline. (Table 3)
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Table 3. Antibiotic resistance status of bacteria isolated from mastitic udder of lactating
COWS

SN Antibiotics No.of Types  Escheri- Bacillus Streotoco- Staphylo-
isolate of chiacoli  spp. CCUS Spp.  cOCCUs Spp.
tested mastitis No. (%) No. (%) No.(%) No. (%)

@ Streptomycin 10 SC 7(70.0) 7(70.0) 7(70.0)0 7(70.0)
10 Acute  7(70.0) 7(70.0) 7(70.0) 7(70.0)
10 Chronic 7 (70.0) 10(100) 7(70.0) 7 (70.0)
@ Doxycycline 10 SC 3(30,0) O 3(30.00 3(30.0)
10 Acute 0 0 3(30.00 3(30.0)
10 Chronic 3(30.0) 7(70.0) 7(70.0) 7(70.0)

® Oxytetracycline 10 SC 0 0 0 0
10 Acute 0 0 0 0
10 Chronic 0 0 0 0
@ Enrofloxacin 10 SC 0 0 0 0
10 Acute 0 0 0 0
10 Chronic 0 0 0 0
® Amoxicillin 10 SC 3(30.00 7(70.0) 7(70.0) 7(70.0)

10 Acute  3(30.0) 7(70.0) 10 (100) 10 (100)
10 Chronic  7(70.0)  10(100) 10(100) 10 (100)

® Ampicillin 10 SC 0 7(70.0) 7(70.0) 7 (70.0)
10 Acute 0 7(70.0) 7(70.0) 7(70.0)
10 Chronic 0 10 (100) 7970.0) 7 (70.0)
@ Chloramphenicol 10 SC 0 3(30.00 0 0
10 Acute 0 0 0 0
10 Chronic 0 7(70.0) 0 0
Erythromycin 10 SC 0 3(30.0) 0 0
10 Acute 0 3(30.0) 0 0
10 Chronic 0 7(70.0) O 0
® Ciprofloxacin 10 SC 0 0 0 0
10 Acute 0 0 0 0
Chronic 0 0 0 0
® Gentamicin 10 SC 0 0 0 0
10 Acute 0 0 0 0
10 Chronic 0 0 0 0
SC = Sub-clinical
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Antibiotic sensitivity pattern of Escherichia coli

In three cases, the anti-biograms of various isolates of E. coli were found to be 100% sensitive
to gentamicin, ciprofloxacin, erythromycin, chloramphenicol, enrofloxacin, oxytetracycline and
ampicillin, again 30% sensitive to streptomycin. Moreover, in case of acute mastitis the isolates
were 100% sensitive to doxycycline but in both SCM and chronic mastitis, 30% resistant to
doxycycline. Again, in both SCM and acute mastitis, the anti-biograms of various isolates of E.
coli were 30% resistant to amoxicillin but in chronic mastitis, 70% resistant to amoxicillin
(Table 3).

DISCUSSION

Many infectious agents have been implicated as causes of mastitis but Staphylococcus spp.,
Streptococcus spp., E. coli and Bacillus spp. were isolated from the mastitic milk samples of
cows in this study which corroborate the findings of the earlier reports.®****?*?" Single
infection is significantly (p < 0.05) higher in acute (80%), in chronic (71.67%) and in SCM
(78.54%) than mixed infection in acute (20.0%), in chronic (28.33%) and in SCM (21.46%)
respectively. These findings consistent with the earlier reports of 78.18% single infection and
21.82% mixed infections,” 61.36% single infection and 38.63% mixed infections,® 60.0%
single infection and 40.0% mixed infections.?® However, Shike et al.”® reported 7 (31.82%)
single and 15 (68.18%) mixed infection in the sub-clinical infection, and 9 (42.86%) pure and
12 (57.14%) mixed infection respectively, from the clinical cases.

Variability on the frequency distributions of different species of bacterial isolates in different
milk samples was found. Staphylococcus spp. has been isolated as the main pathogens of
mastitic cows. This finding, in agreement with the results of earlier different reports with slight
variation.3'13'25‘27'29'33
The bacterial infections were found in all the four quarters but hind quarters were more
infected, RH (Right hindg quarters were mostly infected and this finding consistent with earlier
report of Sudhan et al.** who reported that the right hind quarter was the most affected
(38.18%) compared with the other quarters.

In in-vitro antibiotic sensitivity test under this study of four different types of bacterial
isolates, a major variation was noticed regarding sensitivity against the ten different antibiotics.

The antibiograms of various isolates of Staphylococci and Streptococci from sub-clinical,
acute and chronic mastitis were found to be 100% sensitive to gentamicin, ciprofloxacin,
erythromycin, chloramphenicol, enrofloxacin and oxytetracycline and 70% resistant to
ampicillin and streptomycin.

In SCM various isolates of staphylococci and streptococci were 70% resistant to amoxicillin
and in acute and chronic mastitis, 100% resistant to amoxicillin. In SCM and acute mastitis,
nature of being resistance towards doxycycline is 30%, whereas in chronic mastitis, isolates of
staphylococci and streptococci are 70% resistant to doxycycline. Overall study shows that
isolates of both staphylococci and streptococci were resistant to amoxicillin, ampicillin,
g;reptomycin and doxycycline. The results are in conformity with the earlier reports.***26303>
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Isolates of Bacillus spp. in three cases of mastitis were found to be 100% sensitive to
gentamicin, ciprofloxacin, enrofloxacin and oxytetracycline. In both SCM and acute mastitis
isolates were 70% resistant towards ampicillin, amoxicillin and streptomycin but 100%
resistant in chronic mastitis. However, 30% resistant to erythromycin and chloramphenicol in
case of SCM and same observation was found in acute case only for erythromycin. The
chloramphenicol and doxycycline showed 100% sensitivity in acute case whereas only with
doxycycline in SCM. Again in chronic mastitis, various isolates were 70% resistant to
erythromycin, chloramphenicol and doxycycline. The Bacillus spp. was found resistant to
amoxicillin, ampicillin, streptomycin and doxycycline. These results are in consistent with the
earlier reports.*>**%

In all the three types of mastitis cases, the antibiograms of various isolates of E. coli were
found to be 100% sensitive to gentamicin, ciprofloxacin, erythromycin, chloramphenicol,
enrofloxacin, oxytetracycline and ampicillin. Isolates of E. coli from three types of mastitis
were 70% resistant to streptomycin. Moreover, in case of acute mastitis the isolates were 100%
sensitive to doxycycline but in both SCM and chronic mastitis, 30% resistant to doxycycline.
Again, in both SCM and acute mastitis, the antibiograms of various isolates of E. coli were
30% resistant to amoxicillin but in chronic mastitis, 70% resistant to amoxicillin. Overall E.
coli were found resistant to amoxicillin, streptomycin and doxycycline. These findings are in
agreement with the results of the earlier reports.***%%®

Overall in this study, gentamicin was the most effective drug, which consistent with earlier
reports,®>**%* followed by ciprofloxacin, enrofloxacin, oxytetracycline, erythromycin and
chloramphenicol but amoxicillin, ampicillin, streptomycin and doxycycline were least
effective. The variation in the sensitivity of common antibiotics could be the result of extensive
and indiscriminate use of these in the treatment of udder infection.

CONCLUSIONS

Different types of mastitis in cross-bred cows may occur by either single or mixed infections
and in both of the cases Staphylococcus spp., Streptococcus spp., Bacillus spp. and E. coli are
established as the major etiological agents. From this study it has been identified that single
infection is higher than mixed infections where the mixed bacterial infections are the major
causes of different types of mastitis in cows. Indiscriminate and long term use of different
antibiotics may results in the development of antibiotic resistance bacteria and it has a
potentiality to cause health hazards in human. So, from the clinical and economic point of view
it is necessary to find out the bacteria not only resistance but also sensitive to specific
antibiotics. Cultural, morphological and biochemical tests help to isolate, identify and finding
out the frequency distribution of causal agents. On the other hand, antibiogram studies
represent the sensitivity status of the isolates to specific antibiotics. Therefore, the findings of
the present study showed that gentamicin, ciprofloxacin, enrofloxacin and
oxytetracycline in optimum doses would be the drug of choice to resolve the most cases of
mastitis.
Overall this study shows that in sub-clinical, acute and chronic mastitis cases, gentamicin will
be the best drug of choice. Conversely, the study also recommends that amoxicillin, ampicillin,
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streptomycin and doxycycline should not be preferred as there is a resistance of the isolated
pathogens toward these drugs.
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