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ABSTRACT

public and Environmental Health risk in developing countries. Antimicrobial resistance is a
global health challenge threatening the lives of humans and animals. The indiscriminate use

resistant strains of potentially pathogenic bacteria which are being transferred from animals
to humans. In this study, the antimicrobial susceptibility profile of coliform bacteria isolated
from mastitis milk of pastoral herds was investigated. Out of 147 milk samples collected and

and above which is an indication of gross abuse of antibiotics within the studied population.
However, antibiotics still effective against the coliform species tested were Imipenem
(100%), Ciprofloxacin (92.3%), Gentamiycin (92.3%), Chloramphenicol (84.6%),
Amoxicillin/Clavulanic acid (84.6%) and Sulfamethoxazole/Trimethoprime (69.2%).
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1. INTRODUCTION

[Mastitis is the inflammation of mammary gland and is a complex and costly disease in dairy
herds [1, 2]. It is characterized by physical, chemical and bacteriological changes in the milk,
and pathological changes in the glandular tissue of the udder [3, 4]| The occurrence of

disease is an outcome of interplay between three factors: infectious agents, host resistance,
and environmental factors [5].

[There is agreement among authors thaf mastitis is the most widespread infectious diseases
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in dairy cattle, and, from an economic aspect, the most damaging [6, 7, 8, 9, 10, 11].\ﬂt is a: T ‘[Comment [010]: rephrase

losses [12].

The two major forms of the disease are the clinical and subclinical mastitis [13]. [Clinical
mastitis results in alteration of milk composition and appearance, decrease milk production,
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the subclinical form of mastitis, detection of mammary quarters with the disease is more
difficult because signs are not readily apparent [13].

Furthermore, Somatic Cell Count (SCC) has been accepted as the best index to use to
predict udder infection in bovines, and has been used extensively as an indicator since the
1960s [13, 14]. Under field conditions, determination of somatic cell count in milk is usually
done using the California Mastitis Test (CMT); In fact, CMT scores are directly related to
average SCC [14]. CMT has the advantage of being inexpensive and is a test with real-time

Indiscriminate use and continuous abuse of antibiotics among the pastoralists for both
therapeutic treatment of infections) and non-therapeutic (growth promoters) purposes on
dairy animals has resulted to the increasing emergence of resistant strains of pathogenic
bacteria, which is a great threat to human and animal health [11]. Hence, this study was
embarked on to investigate the antimicrobial susceptibility profile of coliform isolates from
mastitis milk samples of dairy cows among the pastoral herds in parts of Kaduna State,
Nigeria.

2. MATERIAL AND METHODS

2.1 Study Area

The study was carried out in Giwa, Igabi, Chikun, Soba, Zaria, Sabongari and Birnin Gwari
Local Government Areas (LGA) of Kaduna State, Nigeria (Fig. 1). These are seven out of
the 23 LGAs in the state. The state lies between latitude 9.00° and 11.52° North and
longitude 6.08° and 8.83° East and is 608m above sea level. The number of LGAs studied
was limited by the serious security challenge in the Northern part of Nigeria. The study area
has distinct wet and dry seasons within the Guinea Savannah and part of the Sudan
Savannabh in Nigeria. Agriculture is the main stay of the economy of Kaduna State with about
80% of the people actively engaged in farming. Another major occupation of the people is
animal rearing and poultry farming. The animals reared include cattle, sheep, goats and pigs
[15]. Pastoralism, Agro-pastoralism and intensive dairy farming are the predominant dairy
production systems in Kaduna State. The pastoralists move around with their herds in
search of fresh pasture land or grazing areas. Agro-pastoralism is practiced by farmers who
grow food crops and keep livestock, while the intensive dairy farmers use part or all of their
land to grow fodder crops for their dairy cattle [16].
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Fig. 1: The map of Nigeria and Kaduna State showing the study LGAs
Adapted from the Administrative Map of Nigeria [17, 18]

2.2 Study Design

A cross-sectional study was carried out among 147 lactating bovines from 30 herds spread
across seven Nomadic settlements within seven LGAs in Kaduna state between May, 2017
and July 2018 using quantitative methods of data collection.

2.3 Inclusion and Exclusion Criteria

The study population constitutes all the lactating bovines of the Nigerian indigenous breeds
| within the study area. All farmers/pastoralists who declined consent as well as regions within
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the state that have been identified as volatile security spots were not included in this study.
The animals were selected from herdsmen settlements in parts of Kaduna State, Nigeria.
More so, only lactating bovines that are not currently on treatment were included in this
study, while those currently undergoing any form of treatment were excluded.

2.4 Sample Size Determination and Sampling Technique
The sample size was calculated using the formula of Sarmukaddam and Gerald [19]

expressed by Eq. 1. Mbuk et al. [11] recorded a prevalence of 10.3% for bovine coliform
mastitis in Kaduna state, Nigeria which was used for sample size estimation in this study.

_I'p(1-p)
n=———5——

1z (1
Where:
n = is the number of samples
4 = is the standard normal distribution at 95% confidence interval = 1.96
p = is the prevalence of previous study = 10.3% = 0.103
L = is the allowable error, which is taken at 5% = 0.05

Therefore, sample size,

1962 x 0103 x (1~ 0.103)

0.057 =14

n

A sample size of 142 was estimated at 5% level of significance. A sample size of 147 was
however used for ease of proportionate distribution.

A multi-stage sampling technique was used in this study. The seven LGAs were purposively
selected out of 23 LGAs in Kaduna state being the LGAs with lessfewer security risks and
were accessible at the time of this study. This was followed by the purposive selection of a
settlement from each of the seven LGAs (total of seven settlements) based on the
availability of lactating bovines that are not currently on treatment, willingness of the
farmers/pastoralists to participate in the study, and accessibility of the location in order to
easily transport samples collected to the laboratory for further analysis. Finally, 147 bovines
were randomly but proportionately selected from all herds within the seven settlements.
Bovine listing and enumeration was done to a total of 50, 30, 39, 27, 55, 40 and 68 for
Settlements A, B, C, D, E, F and G, respectively out of which 24, 15, 19, 12, 26, 19 and 32
were respectively selected. A herd of bovines whose owner consented was sampled and in
the event that he or she declined, the next contiguous herd of bovines was sampled.
Computer generated list of random numbers from Minitab 14.2 statistical software was used
to select the bovines for each of the settlements in this study.

2.5 Sample Collection and Screening for Subclinical Mastitis

present on the skin of udder and teats, hands of samplers and barn environment according
to the methods of National Mastitis Council Guidelines described by Middleton et al. [20].
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Prior to milk sample collection, udders and teats were cleaned using a disposable paper
towel immersed in 70% ethyl alcohol and dried to avoid presence of feacal debris in the milk
as it could interfere with the interpretation of CMT result. Foremilk (first jets) was discharged
to reduce the contamination of teat canal. Sterile universal bottles with tight fitting cups were
used. The bottles were labelled appropriately with permanent marker before sampling. To
reduce contamination of teat ends during sample collection, the near teats were sampled
first and then followed by the far ones. About 8mis of raw milk was aseptically collected from
each bovine (2mls from each quarter). The California Mastitis Test (CMT) Reagent was used
accordingr to the manufacturer’s instructions on the field to identify samples with subclinical
mastitis.

mixed together. 2mis of the composite milk sample was then added to 2mls of CMT reagent
on the test paddle and mixed gently to observe reaction. The result was graded as described
by various authors [21, 22]. All samples that tested positive for subclinical Mastitis were
properly labelled and immediately transported to the Bacteriological Analysis Laboratory of
the Department of Microbiology, Faculty of Life Science, Ahmadu Bello University, Zaria in
an ice box for processing.

2.6 Bacteriological Analysis of CMT Positive Milk Samples

2.1.1 Inoculation of Raw Milk Samples

The CMT positive milk samples were inoculated on MacConkey agar (Oxoid, England) by
streak method as described by Mekonnin et al. [23]. A loopful-full of milk sample was
streaked on the agar plates aseptically using quadrant method for each sample. The plates
were incubated at 37°C and examined after 24 hours for growth.

2.1.2 Primary Isolation of Coliform Bacteria

Bacteriological analysis was focused only on the identification and isolation of Coliform
bacteria. Hence, pink to red distinct colonies resulting from the utilization of lactose on
MacConkey agar were presumptively considered as Coliform bacteria. The suspected
isolates were sub-cultured to get pure isolates. The pure isolates were cultured on Eosin
Methylene Blue Agar (EMB) which is_a selective and differential for Coliform bacteria.
Isolates that showed metallic green sheen on EMB were presumptively considered as E.
coli, while those with [coloured appearance were considered to be other Coliform bacteria.
The suspected Coliform isolates were stored in Nutrient Agar slant for further
characterization and identification using the conventional biochemical tests and Microgen
A+B ID Kits (UK).

2.1.3 Biochemical Characterization

All suspected coliform bacterial isolates that stained red with Gram reaction were subjected
to Conventional biochemical tests. The tests conducted were: Indole, Methyl Red, Voges-
Proskauer and Citrate Utilization (IMViC). The suspected coliform bacterial isolates from the
tests were identified up to species level using Microgen A+B Kit (UK) in accordance with the
manufacturer’s instructions.

2.1.4 Antibiotic Susceptibility Testing
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Antibiotic susceptibility testing was conducted for all the isolated Coliform species using [disk

[24]. Direct colony suspension of the isolates was adjusted to a turbidity equivalent to a 0.5
McFarland standard and was aseptically inoculated on Mueller-Hinton agar (Oxoid, UK)
using spread plate technique. The antibiotic impregnated disks (Oxoid, UK) were aseptically
fixed on the solid agar surface 15mm apart using a dispenser (Oxoid, UK). The plates were
incubated at 37°C for 24 hours.

Commercially available antibiotics (Oxoid, UK) recommended as drugs of choice against
enterobacteriaceae and those frequently used in the treatment of human and animal
infections within the study area were selected. Thus, a total of ten antibiotics were used in
this study. The antibiotic disks used with their various concentrations were: Amoxicillin-
Clavulanic acid (30pg), Imipenem (10ug), Ciprofloxacin (5ug), Gentamiycin (30ug),
Chloramphenicol (30ug), Trimethoprime/Sulphamethoxazole (25ug), Erythromycin (15ug),
Penicillin (10pg), Streptomycin (30ug) and Tetracycline (30 pg). [Chloramphenicol was still
included in this analysis because it is still being used for animal clinical in Nigeria
notwithstanding the global recommendation for its removal from animal clinical

Furthermore, the diameters of the zones of inhibition around the disks were measured to the
nearest millimeter using caliper. The isolates were classified as susceptible, intermediate
and resistant according to the interpretive standards of Clinical and Laboratory Standard
Institute [24]. Moreover, isolates that showed resistance to two or more classes of antibiotics
were considered as multidrug resistant [25, 26, 27, 28].

3. RESULTS AND DISCUSSION

3.1 Prevalence of Subclinical Mastitis and Coliforms in the Study Area

In this study, out of 147 milk samples from pastoral herds, 29 (19.73%) were positive for
subclinical Mastitis out of which only 13 (8.84%) species of coliforms were isolated (six E.
coli and seven K. pneumoniae). This implies that the prevalence of coliform mastitis in the
study area (Parts of Kaduna state) is 8.84 %. Samples from Birnin-gwari LGA haboured the
highest number of coliforms 4 (2.7%) while no coliform bacteria were isolated from samples
collected from Soba Local Government Area (Table 1). K. pneumoniae and E. coli were the
species associated with mastitis milk (Table 2 and Table 3).

Table 1: Prevalence of subclinical mastitis and associated coliform
bacteria among the bovines studied

__ - | Comment [018]: Kirby-Bauer disk
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- {Comment [019]: Redundant

S/N Local Government Area/ No. of No. of No.(%) of No.(%) of
Settlements/Herds Lactating Bovines samples samples
Bovines  Examined positive for positive for
Subclinical coliform
Mastitis bacteria
1. Giwa 50 24 6(4.1) 3(2.0)
2. Igabi 30 15 5(3.4) 2(1.4)
3. Chikun 39 19 3(2.0) 1(0.7)
4. Soba 27 12 1(0.6) 0(0.0)
5. Zaria 55 26 4(2.7) 1(0.7)
6. Sabongari 40 19 3(2.0) 2(1.4)
7. Birnin Gwari 68 32 7(4.8) 4(2.7)
Total 309 147 29(19.73%) 13(8.84%)




189

190
191 Table 2: Biochemical Characterization (IMVIC) Of Isolates
Suspected Indole Methyl Red Vogues Citrate Utilization Probable
Coliform Test Test Proskauer Test Test Organism
Isolates

C1 + + - - Escherichia sp
c2 + + - - Escherichia sp
C3 + + - - Escherichia sp
C4 + + - - Escherichia sp
C5 + + - - Escherichia sp
Cé6 + + - - Escherichia sp
Cc7 - - + + Klebsiella sp
C8 - - + + Klebsiella sp
C9 - - + + Klebsiella sp
C10 - - + + Klebsiella sp
C11 - - + + Klebsiella sp
C12 - - + + Klebsiella sp
C13 - - + + Klebsiella sp

192 Key: C1-C5 = Probable Escherichia species, C6-C13 = Probable Klebsiella species

193

194 Table 3: Microgen Tests for the Identification of the Isolates up to
198 Species level

Presumptive Octal number Final Identification Percentage
Isolates Probability
EC1 04600570 Escherichia coli inactive 96.58%
EC2 05604520 Escherichia coli inactive 90.24%
EC3 04604420 Escherichia coli inactive 86.46%
EC4 04405421 Escherichia coli inactive 88.26%
EC5 07600570 Escherichia coli 49.76%
EC6 07601370 Escherichia coli 92.61%
KP1 47523766 Klebsiella pneumoniae 99.71%
KP2 47523666 Klebsiella pneumoniae 95.07%
KP3 47523777 Klebsiella pneumoniae 95.2%
KP4 47523757 Klebsiella pneumoniae 99.3%
KP5 47555777 Klebsiella pneumoniae 87.34%
KP6 47544776 Klebsiella pneumoniae 65.13%
KP7 47544777 Klebsiella pneumoniae 57.67%
197 Key: EC1-EC6 = Escherichia coli (6); KP1-KP7 = Klebsiella pneumoniae (7)

198

199 3.2 Antimicrobial Susceptibility

200 The coliform isolates in this study showed 100% resistance to Penicillin and Tetracycline,
201 and were all 100% susceptible to Imipenem. High multidrug resistance was expressed by all

202 the isolates to Penicillin, Tetracycline and Erythromycin. All the isolates (100%) had MARIfof __ - -{ comment [020]: ?

203 0.2 and above which is an indication of gross abuse of antibiotics within the studied
204  population which was further buttressed by the 100% resistance displayed against penicillin
205 and tetracycline. However, antibiotics still effective against the coliform species tested were
206 Imipenem (100%), Ciprofloxacin (92.3%), Gentamiycin (92.3%), Chloramphenicol (84.6%),
207 | Amoxicillin/Clavulanic acid (84.6%) and Sulfamethoxazole/Trimethoprime (69.2%) (Table 4).
208

209



210

Table 4: Antimicrobial Susceptibility Profile of Coliform Bacterial

211
212 Isolates obtained from Mastitis Milk Samples (n=13)
Dics o No.( %) of o
S/N Antibiotic Generic Name Concentration ;\L t:i(st/;)n?:fe Inter_mediate Su’::::.e(p/:i)b(i)lfity Total (%)
(pg /ml) Resistance
01.  Erythromycin (E) 15.0 12(7.7) __00_______ 1(7.7). - - { comment [021]: The percentage is
02. Ciprofloxacin (CIP) 5.0 1(7.7) 0(0) 12(92.3) not correct.
03. Penicillin (PEN) 10.0*(1.U) 13(100) 0(0) 0(0.0) T3(T00)
04. Imipenem (IPM) 10.0 0(0.0) 0(0) 13(100) 13(100)
05. Tetracycline (TET) 30.0 13(100) 0(0) 0(0.0) 13(100)
| 06. Sulfamethoxazole/Trimethoprime 25.0 4(30.8) 0(0) 9(69.2) 13(100)
(SXT)
07.  Chloramphenicol (C) 30.0 1(7.7) 1(7.7) 11(84.6) 13(100)
08.  Streptomycin (S) 10.0 3(23.0) 4(30.8) 6(46.2) 13(100)
09. Amoxicillin/Clavulanic acid (AMC) 30.0 1(7.7) 1(7.7) 11(84.6) 13(100)
| 10. Gentamiycin(GN) 30.0 1(7.7) 0(0) 12(92.3) 13(100)
213 *Penicillin is given in International Units (1U).
214 More so, all the isolates tested exhibited six resistance patterns (A-F) according to their
215  resistance to different antimicrobial groups (Table 5). All the isolates tested were considered
216 multiple drug resistant (MDR) as they showed resistance to more than two classes of
217  antibiotics tested. However, Escherichia coli isolate coded EC4 had the highest MAR Index
218  of 0.9 (resistant to nine out of ten antibiotics tested), followed by EC5 that had 0.7 MAR
219  Index (resistant to seven out of 10 antibiotics tested). Escherichia coli isolates coded EC1
220 EC2 and EC6 and Klebsiella pneumoniag isolates coded KP4 and KP6 had MAR Index of
221 0.4 (resistant to four out of ten antibiotics tested). Klebsiella pneumoniage isolates coded
222 KP1, KP2, KP3, KP5 and KP7 had MAR Index of 0.3 each (resistant to three out of ten
223 antibiotics tested, while Escherichia coli isolate with code EC2 had the least MAR Index of
224 0.2 (resistant to two out of ten antibiotics tested) (Fig.2).
225
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| The species of coliforms isolated in-this-study were Klebsiella pneumoniae and Escherichia
coli. Klebsiella pneumonia was the dominant species associated with bovine mastitis in this
study. This is in agreement with the work of Mbuk et al. [11] who isolated similar species of

| these organisms in Kaduna State where Klebsiella pneumoniae was the highest, but
Escherichia coli was not isolated in their study. These findings also agree with Hogan and
Smith [29] who reported that Klebsiella pneumoniae and Escherichia coli are the species of
coliforms most frequently isolated from cases of bovine mastitis. The dominance of
Klebsiella pneumoniae in this study agreed with the report of Podder et al. [30] who reported
that Klebsiella pneumoniae is well adapted to survive in the udder and usually establishes
subclinical mastitis infection of long duration which can be shed in milk, facilitating
transmission to healthy animals mainly during milking process. Generally, the presence of

| these Coliform bacterial species in the milk is an indication of feagcal and environmental
contamination resulting from poor hygienic practices of rearing and milking the animals as
there are no established mastitis control practices employed among the herdsmen.

The results of antimicrobial susceptibility test in this study showed that all the species of
coliforms tested were sensitive to Imipenem followed by decreasing sensitivity to
Ciprofloxacin, Amoxicillin/Clavulanic acid, Streptomycin, Chloramphenicol, Gentamyicin and
Sulfamethoxazole/Trimethoprime. This agrees with the report of Mbuk et al. [11] and Lira et
al. [31] that showed similar susceptibility pattern. Susceptibility of Imipenem to all coliform
species tested has proven that Carbapenems still retain considerable potency against
Enterobacteriaceae. This agrees with the recommendation of CLSI [24], where this class of
antibiotics was among the recommended antibiotics for treatment of infections caused by
Enterobacteriaceae. High level of susceptibility to Imipenem in this study might be due to its
rare use and abuse in cattle. However, it is worthy of note here that the Coliform species
tested showed 1.4% intermediate resistance and 5.1% resistance to some CLSI [24]
recommended antibiotics (Ciprofloxacin, Amoxicillin/Clavulanic acid, Streptomycin,

| Chloramphenicol, Gentamiycin and Sulfamethoxazole/Trimethoprime). Therefore, irrational
prescriptions and indiscriminate use of these drugs may lead to complete resistance in future
[32].

However, all the species of Coliform bacteria tested were completely resistant to Penicillin
and Tetracycline. This is similar to the reports of previous studies of high resistance to these
same antibiotics [11, 31, 33]. The high degree of resistance observed in this study might be
due to prolonged and indiscriminate usage of those antibiotics which could lead to possible
resistance development in humans and animals [34, 35].

| Moreover, all the Klebsiella pneumoniae and Escherichia coli species in this study exhibited
multidrug resistance, as they were consistently resistant to two or more classes of antibiotics
among others used especially Erythromycin, Penicillin and Tetracycline. This finding agreed
with the previous reports where Coliform species tested displayed multidrug resistance to
Erythromycin, Penicillin and Tetracycline [11, 31]. These findings however, contradict the
report of Memom et al. [33] where coliform species were completely resistant to
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| Ciprofloxacin, Gentamycin, Amoxicillin and Sulfamethoxazole/Trimethoprime. However,
based on this study, antibiotics still effective against the coliform species tested were
Imipenem (100%), Ciprofloxacin (92.3%), Gentamycin (92.3%), Chloramphenicol (84.6%),
Amoxicillin/Clavulanic acid (84.6%) and Sulfamethoxazole/Trimethoprime (69.2%). Although
Chloramphenicol is prohibitive for use in animal clinicals, it is still being applied in Nigeria
| since there is no legal framework for its prohibition yet. Since, this study has recorded high
sensitivity of coliforms to Imipenem, Ciprofloxacin, Amoxicillin/Clavulanic acid, Streptomycin
better than Chloramphenicol, this study joins voice to global practice to discourage the use
of Chloramphenicol in animal clinical in Nigeria.

Furthermore, the result of susceptibility pattern of Coliform bacterial species obtained in this
study affirms that some of CLSI [24] recommended antibiotics of choice against the
treatment of infections caused by Enterobacteriaceae are increasingly becoming ineffective
within the studied population. Therefore, it is very important to always conduct antimicrobial
sensitivity tests before empirical therapy is initiated to avoid resistance development to other
sensitive antibiotics in future. However, based on the degree of susceptibility pattern
obtained in this study, Imipenem is recommended as first line drug of choice where infection
| by K. pneumoniae and E. coli respectively is suspected within the studied area.

4. CONCLUSION

This study concludes that the prevalence of subclinical mastitis in Kaduna State is 19.73 %
while the prevalence of Coliform Mastitis is 8.84%. A low prevalence of Coliform mastitis was

‘ observed in this region, but the presence of Klebsiella pneumoniae and Escherichia coli in
raw milk samples of the studied bovine constitutes serious environmental health risk to the
consumers as the milk obtained from these herds are widely circulated and consumed
without any form of treatment. They are also among the list of organisms classified as
dangerous biological agents that have the potential to pose a severe threat to public health
and safety by United States Public Health Services. The species of coliforms isolated in this
study showed decreased sensitivity to the majority of recommended antibiotics of choice by
Clinical and Laboratory Standard Institute (CLSI). This phenomenon could result to complete

| resistance development in future if not properly handled. The high level-rate of resistance to
some of the commonly used antibiotics by the herdsmen impliesy that the selection pressure
imposed by the use of these antibiotics whether therapeutically in veterinary medicine or as
prophylaxis in the animal production is a key driving force in the selection of antimicrobial
resistance.

== {Comment [023]: Rewrite




314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363

COMPETING INTERESTS

None

CONSENT

Ethical consent was obtained from the Postgraduate Board of the Department of
Microbiology, Faculty of Life Sciences, Ahmadu Bello University, Zaria to undertake the
study and to publish this report and accompanying images. A copy of the written consent is
available for review by the Editorial office/Chief Editor/Editorial Board members of this
journal.

ETHICAL APPROVAL

All authors hereby declare that "Principles of laboratory animal care" (NIH publication No.
85-23, revised 1985) were followed, as well as specific national laws where applicable. All
experiments have been examined and approved by the appropriate ethics committee

REFERENCES

1. Beheshti R, Shaieghi J, Eshratkhah B, Ghalehkandi JG, Maheri-Sis N. Prevalence
and etiology of subclinical mastitis in ewes of the Tabriz region, Iran. Global veterinaria.
2010;4(3):299-302.

2. Hussain R, Javed MT, Khan A, Mahmood F, Kausar R. Mastitis and associated
histo-pathological consequences in the context of udder morphology. International Journal of
Agriculture and Biology. 2012 Dec 1;14(6): 947-952

3. Radostis, O.M., Gay, C.C., Blood, D. C. and Hinchlif, K. W. Veterinary Medicine: a
Textbook of the Disease of cattle, sheep, pigs, goats and horses. 9" ed. ELBS and Baillier
Tindall. 2000, pp. 563-660.

4. Sharma, N. Singh, N.K., Bhadwal, M.S. Relationship of Somatic Cell Count and
Mastitis: An Overview. Asian-Australian Journal of Animal Science, 2011; 24 (3): 429-438.

5. Gera S, Guha A. Assessment of acute phase proteins and nitric oxide as indicator of
subclinical mastitis in Holstein A Haryana cattle. Indian Journal of Animal Sciences (India).
2011. 81 (10): 1029-1031

6. Halasa T, Huijps K, QOsteras O, Hogeveen H. Economic effects of bovine mastitis
and mastitis management: a review. Veterinary quarterly. 2007 Jan 1;29(1):18-31.

7. Ashish T, Sisodia RS, Sharma RK, Misraulia KS, Garg UK. Incidence of sub-clinical
mastitis in cows of Malwa region of Madhya Pradesh. Indian Journal of Dairy Science.
2000;53(4):328-31.



364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415

8. Shittu A, Abdullahi J, Jibril A, Mohammed AA, Fasina FO. Sub-clinical mastitis and
associated risk factors on lactating cows in the Savannah Region of Nigeria. BMC veterinary
research. 2012 Dec;8(1):134.

9. Lamey AE, Ammar AM, Zaki ER, Khairy N, Moshref BF, Refai MK. Virulence factors
of Escherichia coli isolated from recurrent cases of clinical and subclinical mastitis in
buffaloes. Intl. J. 2013;4(1):86-94.

10. Suleiman AB, Umoh VJ, Kwaga JK, Shaibu SJ. Enterotoxigenicity and Antibiotic
Resistance of Staphylococcus aureus Isolated from Sub-clinical Bovine Mastitis Milk in
Plateau State, Nigeria. Research Journal of Microbiology. 2013 Feb 1;8(2):101.

11. Mbuk EU, Kwaga JK, Bale JO, Boro LA, Umoh JU. Coliform organisms associated
with milk of cows with mastitis and their sensitivity to commonly available antibiotics in
Kaduna State, Nigeria. Journal of Veterinary Medicine and Animal Health. 2016 Dec
31;8(12):228-36.

12. Sharma N. Alternative approach to control intramammary infection in dairy cows-A
review. Asian J. Anim. Vet. Adv. 2007;2(2):50-62.

13. Kivaria, F.M. (2006). Epidemiological Studies on bovine mastitis in smallholders
dairy herds in the Dar es Salaam Region, Tanzania. Doctoral thesis, Utrecht University, the
Netherlands.

14. Pyorala S. Indicators of inflammation in the diagnosis of mastitis. Veterinary
research. 2003 Sep 1;34(5):565-578.

15. KDSG. Kaduna State achievement in data on estimated annual animal population,
fish production and investment opportunities in Kaduna State. Kaduna State Government,
2008. pp: 16-18.

16. Ugwu DS. Dairy Production among Small and Medium Scale Farmers in Nigeria: A
Case Study of Kaduna and Kano States. World Journal of Agricultural Sciences.
2010;6(1):01-6.

17. Library of Congress. Administrative Map of Nigeria. Available at
https://www.loc.gov/item/2010592721/. (Accessed 08/06/2017)

18. http://www.nationsonline.org/oneworld/map/nigeria-administrative-map.htm
(Accessed 08/06/2017)

19. Sarmukaddam, SS and Gerald, SG. Validity of assumption while determining
sample size. Indian Journal of Community Medicine, 2006: 20-29.

20. Middleton JR, Saeman A, Fox LK, Lombard J, Hogan JS, Smith KL. The National
Mastitis Council: a global organization for mastitis control and milk quality, 50 years and
beyond. Journal of mammary gland biology and neoplasia. 2014 Dec 1;19(3-4):241-51.

21. Quinn, P.J., Markey, B.K., Carter, M.E., Donnelly, W.J.C., Leonard, F.C. and Maghir,
D. Veterinary Microbiology and Microbial Disease. Blackwell Science Ltd, London, 2002. pp.
191-208.



416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467

22. Das D, Panda SK, Jena B, Sahoo AK. Somatic Cell Count: A Biomarker for Early
Diagnosis and Therapeutic Evaluation in Bovine Mastitis. Int. J. Curr. Microbiol. App. Sci.
2018;7(3):1459-63.

23. Mekonnin E, Eshetu E, Awekew A, Thomas N. A Study on the Prevalence of Bovine
Mastitis and Associated Risk Factors in and the Surrounding areas of Sodo Town, Wolaita
Zone, Ethiopia. Global Journal of Science Frontier Research: D Agriculture and Veterinary.
2016;16(2):13-5.

24. Clinical and Laboratory Standard Institute (CLSI). Performance Standards for
Antimicrobial Susceptibility Testing. 26" edition. CLS| Supplement M100S. Wayne PA, USA.
2016.

25. Intrakamhaeng M. and Komutarin T. Antibiotics resistance and RAPD-PCR typing of
multidrug resistant MRSA isolated from bovine mastitis cases in Thailand. Science Asia,
2012. 38:30-35.

26. Schabauer A, Pinior B, Gruber CM, Firth CL, Kasbohrer A, Wagner M, Rychli K,
Obritzhauser W. The relationship between clinical signs and microbiological species, spa
type, and antimicrobial resistance in bovine mastitis cases in Austria. Veterinary
microbiology. 2018 Dec 1;227:52-60.

27. Tomazi T, Coura FM, Gongalves JL, Heinemann MB, Santos MV. Antimicrobial
susceptibility patterns of Escherichia coli phylogenetic groups isolated from bovine clinical
mastitis. Journal of dairy science. 2018 Oct 1;101(10):9406-18.

28. Zhang D, Zhang Z, Huang C, Gao X, Wang Z, Liu Y, Tian C, Hong W, Niu S, Liu M.
The phylogenetic group, antimicrobial susceptibility, and virulence genes of Escherichia coli
from clinical bovine mastitis. Journal of dairy science. 2018 Jan 1;101(1):572-80.

29. Hogan J, Smith KL. Coliform mastitis. Veterinary research. 2003 Sep 1;34(5):507

30. Podder MP, Rogers L, Daley PK, Keefe GP, Whitney HG, Tahlan K. Klebsiella
species associated with bovine mastitis in Newfoundland. PloS one. 2014 Sep
2;9(9):e106518.

31. Agunbiade, T.B., Umoh, V.J., Whong, C.M.Z. and Ella, E.E. Assessment of Bovine
Milk Obtained from Selected farms in Zaria Environs for Toxigenic Strains of Escherichia
coli. Academic Journal of Life Sciences, 2015:1(1): 8-13.

32. Memon, J., Kashif, J., Yagoob, M., Kiping, W., Yang, Y., and Hongjie, F.C.
Molecular characterization and antimicrobial sensitivity of pathogens from subclinical mastitis
in Eastern China. Pakistan Veterinary Journal, 2013;33 (2): 170-174.

33. Kwaga, J.K.P. Veterinary Intervention on the global challenges of antimicrobial
resistance. Paper presented at the World Veterinary Day Celebration, 28" April, 2012.
NVMA, Kaduna

34. Sharma, N., Dogara, B.B., Misra, R., Gandham, N., Sardar, M., Jadhav, S. Multidrug
resistant Pantoaea agglomerans in patients with septic arthritis — a rare report from India.
International Journal of Microbiological Research, 2014;4:263-265.



468  35. Devriese, L.A., Daube, G., Hommez, J., and Haesebrouck, F.S. “In vitro
469  susceptibility of Clostridium perfringens isolated from farm animals to growth-enhancing
470  antibiotics.” Journal of Applied Microbiology, 1993:75, 55-57.



