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DETECTION OF ANTIBIOTIC SENSITIVITY PROFILE OF
CHRONIC MASTITIS USING BENTONITE CLAY AS
SUBSTRATE
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This study is conducted to examine the change in pattern of the antibiotic sensitivity profile of Staphylococcus
aureus, Escherichia coli and Pseudomonas aeruginosa isolated from the recurrent bovine mastitis cases. A total of
75 mastitis milk samples were screened for the presence of S. aureus (n=52), E. coli (n=37) and Pseudomonas
aeruginosa (n=19) isolates. All the isolated bacteria were then subjected to antibiotic sensitivity test using nine
specific commonly used antibiotics. Mueller Hinton Agar (MHA) along with 0.5% Bentonite clay was used as a
substrate for biofilm producing bacterial isolates. The test results revealed that the resistance against antibiotics is
comparatively more pronounced in biofilm forming isolates than their planktonic counterparts. In order to nullify
any error possibility in biofilm growth and to establish an ideal substrate, there is need for more intensive studies
using different substrate for modified ABST.
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Mastitis is the most prevalent disease of dairy
cattle affecting production and physical
traits, which is caused by multi-etiological
agents. Bovine mastitis is considered as the
economically most important disease of
dairy cattle, due to huge losses incurred by
dairy sector annually (Heikkild A-M et al.,

2018). The predominant etiologic agents are
Staphylococcus aureus, Streptococcus sp.,
E. coli, Pseudomonas aeruginosa and other
pathogens. So, now-a-days large emphasis
is put on the definitive diagnosis of causal
pathogen and its antimicrobial sensitivity
pattern. It will help in selective treatment
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against etiological agent(s) of mastitis and
reduces resistance and indiscriminate use of
antimicrobial agents. But still sometimes the
cure rate is disappointing which results in
recurrent infection. These chronic recurrent
infections are due to the ability of bacteria
to remain protective as aggregative form
inside an extra polymeric matrix called as
biofilm (Homoe et al., 2009; Kirketerp-
Mgller et al., 2010). Melchoir et al. (2006)
has reported that on comparative analysis
of biofilm forming bacterial agent and its
sessile counterpart showed a marked
difference in sensitivity pattern, when
screened by disk diffusion tests. In the
present study, a modified media is used to
compare the sensitivity patterns of both
biofilm forming and non-biofilm forming
microbial isolates obtained from Chronic
Bovine Mastitis.

MATERIALS AND METHODS

In the present study, 75 number of milk
samples were collected from chronic bovine
mastitis cases. All the animals were presented
to Teaching Veterinary Clinical Complex
(TVCC) of Odisha Veterinary College for
treatment. It has been revealed by the owner
that the cows have earlier history of mastitis
and had undergone treatment for 2 to 3 times
in the local veterinary dispensary. As TVCC
is referral hospital of the state, the cows
mostly with recurrent mastitis, after earlier
treatment, were presented for further
treatment. The isolation and identification of
the isolates were done according to the
method of Cruickshank et al. (1980). Then
all isolates were screened for their biofilm
producing ability by using Congo Red Agar
method (Cruzado-Bravo et al., 2019) and by
Tube method (Dheepa et al., 2011). ABST

for the biofilm forming bacterial isolates
selected randomly for Staphylococcus
aureus (n=52), E. coli (n=37) and
P. aeruginosa (n=19) was conducted as per
Clinical & Laboratory Standards Institute
(CLSI) guidelines (Bauer et al., 1966;
Wayne, 2009) with modification as
mentioned below.

For screening of antibiotic sensitivity of
biofilm forming isolates, 0.5% of bentonite
clay was used in addition to Mueller-Hinton
Agar (MHA), whereas for planktonic isolates
bentonite clay was not added as a substrate.
The inoculum was prepared by diluting the
isolates colony in normal saline with
turbidity equal to 0.5 McFarland turbidity
standard (1 X 10° CFU/mL) and swabbed
evenly onto the surface of MHA (for
planktonic growth) and MHA + 0.5%
Bentonite clay (for biofilm growth).
Antibiotic discs were selected based on the
type of bacteria isolate [ampicillin (10 mcg),
enrofloxacin (10 mcg), cloxacillin (5 mcg),
erythromycin (10 mcg), linezolid (30 mcg),
ciprofloxacin (5 mecg), amikacin (30 mcg),
gentamicin (10 mcg) and cefotaxime
(10 mcg) for S. aureus isolates and amikacin
(30 mcg), tobramycin (30 mcg), ceftazidime
(30 mcg), cefepime (30 mcg), piperacillin/
tazobactam (100/10 mcg), gentamicin
(10 mcg), ciprofloxacin (5 mcg), imipenem
(10 mcg) and aztreonam (30 mcg) for E. coli
and P. aeruginosa]. All the antibiotic discs
were obtained from HiMedia, Mumbai.
Antibiotic Sensitivity Test (ABST) plates
were incubated aerobically for 18-24 hrs at
37°C. The results were interpreted according
to Clinical and Laboratory Standards
Institute (CLSI) (Wayne, 2009).
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Fig. 2. Modified ABST for Pseudomonas aeruginosa using
MHA + 0.5% Bentonite clay
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RESULTS

All results of antimicrobial susceptibility
testing for bacterial isolates and their
corresponding biofilm forming isolates were
studied. The results of antimicrobial
susceptibility and percentage of resistance
for S. aureus isolates obtained in the study
are given in Table 1. Table 2 shows the
percentage of resistance of E. coli and
P. aeruginosa isolates.

It is evident from the study that, the biofilm
producing counterpart of S. aureus (n=52)
shows lesser zone of inhibition i.e., low
susceptibility when tested for 9 generally
used antibiotics for the treatment. All 52
isolates of S. aureus in both planktonic and
biofilm phase were 100% sensitive to
linezolid followed by gentamicin and
ciprofloxacin in both free-living and biofilm
growth conditions. The biofilm producing
Staphylococcus were found to be resistant
to other antibiotics as compared to their
planktonic forms. Similarly, gram-negative
pathogenic bacterial isolates (E.coli and
P.aeruginosa) were also tested for

antimicrobial susceptibility and zones of
inhibition were noted. The average zones of
inhibition (mm) for planktonic isolates of
E. coli for the following antibiotics, amikacin
(30 mcg), tobramycin (30 mcg), ceftazidime
(30 mcg), cefepime (30 mcg), piperacillin/
tazobactam (100/10 mcg), gentamicin
(10 mcg), ciprofloxacin (5 mcg), imipenem
(10 mcg) and aztreonam (30 mcg) were
18.8, 32.4, 22.6, 25.2, 15.6, 24, 31, 26.2
and 15.4, respectively. For the same antibiotics,
the average zones of inhibition (mm) shown
by biofilm counterparts of E. coli arel3.2,
20.1, 19.6, 20.4, 12.4, 18.8, 17.9, 22.6 and
12.3, respectively. Similarly, planktonic
isolates of P. aeruginosa showed the average
zones (mm) as 23.4, 29.6, 19.9, 24.1, 11.8,
27.6, 30.2, 26.6 and 14.8, respectively. The
biofilm isolates of P. aeruginosa showed the
average zones of inhibition (mm) as 12.2,
16.8, 17.3, 19.4, 10.2, 20.3, 23.6, 21.5 and
11.2, respectively. Hence, it is revealed that
the biofilm producing bacteria show higher
resistance towards antibiotics in comparison
to their corresponding planktonic counterpart
(Fig. 1 and Fig. 2).

Table 1. Average inhibition zone and resistance percentage of Staphylococcus aureus isolate
(n=52) for antibiotic

Sl.  Antibiotic Conc.

Average zone of inhibition of % of resistance in

No. (in mcg) Staphylococcus aureus Staphylococcus aureus
(n=52) in mm (n=52)
Planktonic Biofilm Planktonic Biofilm
1 Ampicillin 10 23.4 18.2 76.9 (40/52)  88.5 (46/52)
2 Enrofloxacin 10 27.5 20.3 48.1 (25/52)  67.3 (35/52)
3 Cloxacillin 5 20.4 15.6 40.4 (21/52) 59.6 (31/52)
4 Erythromycin 10 24 19.3 36.5 (19/52)  61.5 (32/52)
5  Linezolid 30 28.1 25.2 0.0 (0/52) 0.0 (0/52)
6 Ciprofloxacin 5 22 19.2 25.0 (13/52)  28.8 (15/52)
7 Amikacin 30 14.2 12.1 65.4 (34/52) 73.1 (38/52)
8 Gentamicin 10 20.3. 18.5 7.7 (4/52) 21.2 (11/52)
9 Cefotaxime 10 27.1 19.2 42.3 (22/52)  63.5 (33/52)
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Table 2. Resistance percentage of E. coli (n=37) and Pseudomonas aeruginosa (n=19) for

antibiotic
S. Antibiotic Conc. Resistance Percentage
No. (in mcg) E. coli (n=37) P. aeruginosa ( n=19 )
Planktonic Biofilm Planktonic Biofilm
1 Amikacin 30 48.6 (18/37)  75.7 (28/37) 26.3 (5/19) 73.7 (14/19)
2 Tobramycin 30 8.1 (3/37) 29.7 (11/37)  10.5 (2/19) 88.9 (8/19)
3 Ceftazidime 30 32.4 (12/37)  54.1 (20/37) 42.1 (8/19) 68.4 (13/19)
4 Cefepime 30 10.8(4/37) 24.3(9/37) 5.3 (1/19) 15.8 (3/19)
5 Piperacillin /  100/10  64.9 (24/37)  86.5 (32/37) 89.5 (17/19) 100 (19/19)
Tazobactam

6  Gentamicin 10 10.8 (4/37) 29.7(11/37)  21.1 (4/19) 36.8 (7/19)
7 Ciprofloxacin 5 16.2 (6/37) 37.8 (14/37) 10.5 (2/19) 31.6 (6/19)
8  Imipenem 10 8.1(3/37) 18.9(7/37) 10.5(2/19) 26.3(5/19)
9 Aztreonam 30 54.1 (20/37) 86.5 (32/37) 52.6 (10/19)  89.5 (17/19)

Thus imipenem showing a resistance of just
8.1% and 18.9% in planktonic and biofilm
forms of E.coli, respectively. The planktonic
form of E. coli shows maximum resistance
to piperacillin/tazobactam and aztreonam
whereas biofilm counterpart of E. coli shows
maximum resistance to piperacillin/
tazobactam, aztreonam and amikacin. In
case of Pseudomonas, 5.3% and 15.8% re-
sistance towards cefepimeis obtained in
planktonic and biofilm forms, respectively.
The planktonic form of P. aeruginosa shows
maximum resistance to piperacillin/
tazobactam, whereas biofilm forming coun-
terpart of P. aeruginosa has shown maxi-
mum resistance to piperacillin/tazobactam,
aztreonam and amikacin. Biofilm forms have
shown comparatively more resistance for
rest of the antibiotics, than that of their cor-
responding planktonic counterparts.

DISCUSSION

The resistance patterns of given isolates,
against the tested antibiotics shows that both

planktonic and biofilm forms of S. aureus
were highly sensitive to linezolid. However,
the planktonic isolates of P. aeruginosa
showed high sensitivity to cefepime and its
biofilm forming isolates showed 15.8%
resistance. For E. coli, both planktonic and
biofilm forms, imipenem was found to be
highly sensitive. However, it was found that
for all antibiotics, biofilm forming isolates
showed more resistant in comparison to
corresponding planktonic forms. The result
is in agreement with the findings of earlier
researchers (Mahami et al., 2010; Balcazar
et al., 2015; Chatterjee et al., 2016; Frieri
et al., 2017; Horiuk et al., 2019). The reason
for this finding may be attributed to the
extracellular polymeric substance (EPS)
secreted by biofilm bacteria which acts as a
physical/ chemical barrier to prevent
diffusion of antibiotics (Singh et al., 2017).
EPS is negatively charged and acts as an ion-
exchange matrix. It is capable of binding
antibiotic molecules which attempt to reach
the biofilm protected cells (Prakash et al.,
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2003). Bacteria embedded within biofilm are
usually not actively engaged in cell division,
are smaller in size and less permeable to
antibiotics (Singh et al., 2017) as most of
the antimicrobials are more efficient in
killing fast- growing bacteria.

To have an ideal biofilm growth and to
establish a link between planktonic and
biofilm forms, more numbers of clinical
samples and various media using different
substrates like glucose, sucrose, silicone,
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