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 Abstract 
Mastitis, the inflammation of the mammary gland, is a major endemic disease 
affecting dairy production worldwide. Costs of treatment and control of mastitis 
contributes to major losses to the dairy industry especially if the condition is not 
promptly and accurately diagnosed, thus necessitating the engagement of regular and 
reliable means of recognising intra-mammary infections. Somatic cell counting, which 
has been recognized as a major standard for mastitis diagnosis in milk, was utilized in 
this study as a direct measure of intramammary inflammation (IMI), along with 
bacterial culture and isolation to establish the presence of mammary infections in 
cows from two nomadic herds. Milk from all four quarters (composite samples) of 
each of 100 cows at various stages of lactation, were obtained and subjected to 
Levowitz-Weber staining of duplicate smears and direct microscopic counting of 
somatic cells. Culture and isolation of sterile milk swabs and subsequent identification 
by morphology, gram staining and biochemical tests were employed to assess the 
presence of mastitis-causing pathogens in the samples. Using ≤100,000 cells/ml as cut 
off for non-mastitic milk, sub-clinical mastitis (SM), was determined in 70 (70%) of the 
examined samples. Contagious pathogens, namely; Staphylococcus aureus, 
Staphylococcus species and others as well as environmental bacteria, E. coli and 
Enterococcus species amongst others, were isolated from the samples. This result 
circuitously indicates the level of losses to dairy production through poor milk quality 
and yield, costs of treatment and culling obtainable in the nomadic dairying venture. 
The need for routine evaluation of raw milk and other dairy products emanating from 
the itinerant pastoralists, using sensitive and reliable parameters to facilitate prompt 
diagnosis, targeted treatment and rapid control of cow to cow or herd to herd spread 
of IMI is highlighted in this study.   
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Introduction
The dairy industry is a thriving global enterprise that 
relies on the biological conversion of feed and 
roughages to milk and other milk-derived products 
for human and animal consumption. However, 
optimum profit from this venture is more often than 
not hampered by the occurrence of mammary gland 
inflammation, also known as mastitis. The negative 
impacts on the industry are either direct effects in 
the form of poor milk quality and yield and indirect 
outcomes through costs of treatment and culling to 
control infection (Thomas et al., 2018). A crucial step 
for limiting management costs associated with 
mastitis is a prompt and accurate diagnosis, 
especially of the sub-clinical form of mastitis, which 
does not present with obvious physical signs in 
either the udder tissue or milk sample (Lakshmi et 
al., 2014; Chakraborty et al., 2019). 
Along with the substantial production of beef, cattle 
production in Nigeria boasts of a high turnover of 
dairy products such as fresh and fermented milk 
(nono), local cheese (wara) and milk fat (Shittu et al., 
2012; Olatoye et al., 2018; Saleh et al., 2016). These 
have contributed immensely to upgrading the 
socioeconomic and financial status of most nomadic 
cattle farmers and their households. Indeed, dairying 
in the pastoral farming sector has the unique 
potential to improve the livelihood and income of 
small and medium-scale farmers and enhance the 
gross domestic product of the country once 
productivity is optimized. 
The nomadic system of pastoral farming is the most 
common method of cattle rearing in Nigeria 
accounting for a vast livestock population (Reeves, 
2016) and is mostly carried out by the Fulani 
herdsmen. Although the level of milk production in 
locally reared cattle can be attributed primarily to 
breed indisposition to dairying, another major factor 
that greatly contributes to low levels of milk yield 
from the nomadic dairy ventures is the presence of 
mammary gland infections or inflammation. Some 
reports have shown varying prevalence rates of 
mastitis in both intensively and nomadic/semi-
nomadic dairy farms in several parts of Nigeria 
(Junaidu et al., 2011; Shittu et al., 2012; Suleiman et 
al., 2012; Umaru et al., 2017; Makolo et al., 2019). 
Most of these studies have employed the use of the 
cow side California Mastitis Test (CMT), an indirect 
test of somatic cells in milk, alone or in combination 
with bacteriological confirmation of causative agents 
of infections.  
Somatic cell count (SCC) of milk samples has been 
considered the major marker for confirming udder 

inflammation and ascertaining the wholesomeness 
of milk  (Dohoo et al., 2011). This parameter is 
assessed through several techniques ranging from 
direct microscopic counting of the cells to the more 
complex fossomatic and coulter counter-facilitated 
counting (Deb et al., 2013; Pilla et al., 2013; Souza et 
al., 2016). It continues to predominate as the 
preferred method for recognizing milk as originating 
from infected or uninfected mammary glands and 
continues to find wide usage in the dairy industry 
globally (Uhler, 2009; Malek dos Reis et al., 2013).  
As SCC is a more direct test of inflammatory markers 
in milk with less subjectivity, it is also widely used as 
a predictor of technological and storage properties 
of milk (Maréchal et al., 2011; Panda et al., 2019). 
Therefore, ascertaining the SCC of milk for mastitis 
determination will better help to characterize the 
form of mastitis through the use of previously 
established cut off values. 
Bacterial culture and isolation are generally accepted 
as the most reliable method of determining the 
aetiologies of intramammary inflammation (IMI) 
(Ashraf & Imran, 2018). Yet, the results of 
bacteriology alone do not indicate the extent of 
inflammation induced by the bacteria. Thus, 
supplementing SCC with bacterial culture is a more 
robust measurement of inflammation marking 
parameters and facilitates appropriate therapeutic 
intervention when treating IMI in milk-producing 
cattle. 
This study aimed to determine the counts of somatic 
cells in milk from cows raised under nomadic 
management from two different herds to establish 
the presence of sub-clinical mastitis (SM) or clinical 
mastitis (CM) and species of bacteria causing the 
inflammation. The findings presented herein will 
serve as a source of data on the status of IMI and 
their corresponding aetiologies in these herds. 
 
Materials and Methods 
Sampling 
Two different temporary settlements of nomadic 
cattle herders were identified at Alabata village, in 
the suburbs of Abeokuta (Latitude: 7° 09' 23.40" N 
and Longitude: 3° 20' 32.40" E) by ambulatory 
referrals. Consent to sample cattle was obtained 
from the pastoralists after explaining the objectives 
of the study. Sampling was carried out in the peak of 
the dry season between January and February 2018. 
The nomads were also engaged in oral questioning 
to assess their knowledge about mastitis, its 
incidence in their herds, as well as management 
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practices employed to curb the disorder. 
Approximately 10 mL of composite milk (all quarters) 
was collected aseptically, after swabbing the teats 
with cotton wool dipped in alcohol and discarding 
the first striplings, from each lactating cow (n=40 
from the first herd and n=60 from the second) into 
sterile vials. Sampling was done before the cows 
were milked for commercial or household milk 
supply. Careful physical examination of the udders 
for signs of inflammation was carried out before milk 
collection. The samples were labelled and 
transported in an icepack to the laboratory of the 
Department of Veterinary Physiology and 
Pharmacology, Federal University of Agriculture, 
Abeokuta for direct microscopic somatic cell 
counting. An aliquot of each sample was sent to the 
Veterinary Microbiology Laboratory (College of 
Veterinary Medicine, Federal University of 
Agriculture Abeokuta) for bacterial culture and 
isolation. All sampled animals showed no physical 
signs of inflammation on the udder and represented 
the currently lactating cows in the study herds. The 
physical appearance of collected milk samples was 
also assessed, and no signs of clinical mastitis were 
observed. 
 
Determination of somatic cell counts in milk 
Milk samples were analyzed for SCC using a direct 
microscopy method. Samples were thoroughly 
agitated to ensure an even mixture, then, a thin 
smear of 0.01mL of each sample was made on a 1 
cm diameter circle that had been manually etched 
on a microscopic slide and allowed to air dry. Slides 
were then immersed in a covered-trough containing 
the Levowitz-Weber (methylene blue-based) staining 
solution for 2 minutes (Zajac et al., 2019). The slide 
was drained of excess stain by resting the edge of 
the slide on an absorbent paper and dried. Dried 
stained slides were subsequently rinsed in three 
changes of tap water at a temperature of 35 – 45oC, 
drained and air-dried before examination under the 
microscope. Counting of the stained somatic cells on 
the slide was done under the compound microscope 
with oil immersion (objective lens, 100 x 
magnifications). All cells within the field were 
counted in duplicate slides and the average was 
computed and multiplied by 100 to give a total 
number of cells per mL of milk sample. Mastitis in 
the cows was classified on the basis of the 
International Diary Federation recommendation 
(Sharma et al., 2011) as SCC <100,000 cells/ml (non-
mastitic), 101,000–200,000 cells/ml (SM) and 
>200,000 cells/ml (CM). 

 
Bacteriological culture of milk 
At the laboratory of the Department of Veterinary 
Microbiology, the Federal University of Agriculture 
Abeokuta, culture and isolation of bacterial 
pathogens were carried out according to the 
standard protocols by making streaks of each milk 
sample onto blood and MacConkey agars (Oxoid, 
England) and allowing these to incubate under 
aerobic conditions at 37℃ for 24 - 48 hours.  The 
organisms were identified based on cultural 
morphology, Gram’s staining and biochemical 
analysis including sugar fermentation, catalase, 
oxidase, citrate, sulfide indole motility and triple 
sugar iron tests (Oladipo et al., 2016).  
 
Statistical analysis 
Data of SCC were checked for normality of 
distribution using the Kolmogorov-Smirnov and 
Shapiro-Wilk tests. Samples were categorized based 
on SCC cut-off levels as healthy and sub-clinical 
(Thomas et al., 2015). A Kruskal-Wallis test was used 
to compare the groups. P<0.05 was set as the 
statistical significance value. Statistical analysis was 
carried out using Statistical Package For Social 
Sciences Software (SPSS) version 23 (IBM Inc, USA). 
 
Results 
All cows sampled were of the White Fulani breed. On 
physical examination of the udders of each cow and 
milk sample, it was observed that none showed signs 
of clinical mastitis (inflammation of the mammary 
gland and presence of clots, flakes or change in 
colour or consistency of milk) among the two herds. 
This finding was corroborated by answers of our 
interactive engagement with the nomads who 
claimed they rarely encountered any ‘disease 
problems’ of the mammary gland in their herds but 
also admitted to indiscriminate and un-prescribed 
use of drugs on their animals for other reasons.  The 
direct microscopic counting of somatic cells in milk 
samples revealed a range of 44,500 to 220,000 cells 
per mL in the samples. The counts were categorized 
into 3 groups based on ranges prescribed to indicate 
‘non-mastitic’, ‘sub-clinical’ and ‘clinical mastitis’ 
namely; 0 - 100, 000 cells/mL – healthy, 101,000 -
200,000 cells/mL – sub-clinical mastitis and greater 
than 200,000 cells/mL– clinical mastitis as 
recommended by previous authors (Berglund et al., 
2007; Schwarz et al., 2011; Thomas et al., 2015).  
Based on this categorization, 30%, 65% and 5% of 
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Table 1: Descriptive statistics of the somatic cell counts analysis in three categories of the 100 samples of milk from 
the two nomadic herds of cattle 

SCC Categorization % Mean  
(× 103 

cells/ml) 

Median  
(× 103 

cells/ml) 

Range 
(× 103 

cells/ml) 

S Deviation 
(× 103 cells/ml) 

0 - 100 × 103 cells/mL (non-mastitic 
cows) 

30 80.6  86.5   44.5 - 98  14.9 

101 - 200 × 103 cells/mL (sub clinical 
mastitis) 

65  129.5  124.5 100 - 199  24.5  

> 200 × 103 cells/mL (clinical mastitis) 5 210.7  212.0 202.5 - 220.5  7.4  

 
Table 2: Categorization of milk samples based on SCC levels and the various species of bacteria isolated in the 
categories from the 100 milk samples from two nomadic herds in Abeokuta 

SCC 
Category 

Total 
No 

Number of (different) 
species per sample 

Major bacteria isolated (and 
number of samples in which 
isolated) 

Other species isolated and No 
of samples in which they were 
co-isolated 

0 - 100 × 
103cells/m
L (healthy 
milk) 

30 20 samples had 2 species 
8 samples had 1 species 
1 sample had 0 species 
1 sample had 3 species 

Staphylococcus 
saprophyticus (n= 13), 
Bacillus spp. (n=4), 
Micrococcus spp. (n=4), 
Citrobacter spp. (n= 3), 
Staphylococcus aureus 
(n=3), Proteus spp. (n=1), 
Enterococcus spp. (n=1),  

Staphylococcus saprophyticus 
(n=6), Staphylococcus 
spp.(n=5), Staphylococcus 
aureus (n=4), Micrococcus spp. 
(n=4), Bacillus spp. (n=1), 
Enterococcus spp. (n=1)  

101 - 200 
× 103 

cells/mL 
(sub-
clinical 
mastitis) 

65 42 samples had 2 species 
18 samples had 1 species 
4 samples had 3 species 
1 sample had 0 species 

Staphylococcus aureus 
(n=24), Staphylococcus 
saprophyticus (n=14), 
Bacillus spp. (n=9), 
Micrococcus spp. (n=7), 
Staphylococcus spp. (n=3), 
Citrobacter spp. (n= 2), E. 
coli (n=2), Enterococcus spp. 
(n=2), Proteus spp. (n=1),  

Micrococcus spp. (n=12), 
Staphylococcus spp. (n=11), 
Staphylococcus saprophyticus 
(n=10), Staphylococcu saureus 
(n=9), Enterococcus spp. (n=5), 
Bacillus spp. (n=2) 

Greater 
than 200 × 
103 

cells/mL 
(clinical 
mastitis) 

5 3 samples had 2 species 
2 samples had 1 species 

Staphylococcus aureus 
(n=2), Staphylococcus 
saprophyticus (n=1), 
Staphylococcus spp.(n=1), 
Micrococcus spp. (n=1) 

Staphylococcus aureus (n=1), 
Staphylococcus saprophyticus 
(n=1), Staphylococcus spp. (n=1) 

 
the cows were non-mastitic, sub-clinically mastitic 
and clinically mastitic respectively (composite udder 
milk) as shown in Table 1. The distribution of SCC 
(type of mastitis) for each herd is shown in the chart 
in Figure 1. 
 
Bacterial culture and isolation 
In this study, Staphylococcus spp. were the most 
prevalent bacteria in the milk samples and were 
isolated as the major bacterial species from 61 of the 

raw milk samples. Twenty-nine (29) (47%), 28 (46%) 
and 4 (7%) were Staphylococcus aureus, 
Staphylococcus saprophyticus and other 
uncharacterized Staphylococcus (Staphylococcus 
spp.), respectively. Micrococcus, Bacillus, 
Enterococcus, Citrobacter and Proteus spp. were 
isolated as the primary species in 12, 13, three, five 
and two of the samples, respectively. Escherichia coli 
was isolated from two (2%) samples and two of the 
samples showed no growth. Distributions of bacteria  



Sokoto Journal of Veterinary Sciences, Volume 19 (Number 2). June, 2021 

116 

 

identified in the two herds are displayed in Figure 
1. A single species was isolated from 27% of the 
samples, while two and three different species 
were seen from 66% and 5% of the samples, 
respectively. The most common combination of 
species was that of Staphylococcus aureus and 
Staphylococcus saprophyticus. The distribution of 
types and number bacterial species identified per 
milk samples from the two herds are shown in 
figures 2 and 3 respectively. 
In comparing the SCC categories with the species 
and number of different species seen in samples, 
Table 2 summarizes the observations from this 
study. A Kruskal-Wallis analysis of the samples 
showed no significant differences (P = 0.818) in  

 
Figure 1: Herd distribution of somatic cell counts per mastitis-
indicating categories of milk samples 

the somatic cell counts by category 
or the number of bacteria species 
isolated in them. A boxplot is shown 
in Figure 4. 
 
Discussion 
While the search for more sensitive 
and field adaptable markers of 
mastitis continues,counting of 
somatic cells in milk remains an 
accepted standard for the diagnosis 
of bovine mastitis, serious welfare 
and economic burden on the dairy 
industry worldwide. Therefore, the 
target of this cross-sectional study  

 
Figure 2: Pie chart showing the percentage of specific species of bacterial 
organisms isolated from 100 milk samples collected from two nomadic 
herds in Abeokuta 

was to investigate the presence of mastitis from 
nomadically raised cows transiting through the 
Southwest city of Nigeria: Abeokuta, by SC 
counting and confirming the likely etiologies 
using bacteriology. The results will potentially 
provide reliable information on the status of sub-
clinical and clinical mastitis of this agricultural 
venture within this region. An SCC range of 
44,500 to 220,000 cells/mL as seen from this 
study can be concluded to be generally low and 
indicative of the low prevalence of clinical 
infections in the udders of cows in these farms 
(given that the presence of mastitis in the gland 
has the potential of increasing SCC to up to 
1,000,000 cells/mL (Sharma et al., 2011)). This 
finding is also supported by the absence of signs 
of mastitis upon physical examination of either  

 
Figure 3: Pie chart showing the distribution of the number of 
species identified per milk sample by bacterial culture and 
isolation in 0100 milk samples collected from two nomadic 
herds in Abeokuta 

the udder or milk. However, bacterial culture and 
isolation indicated that potentially infective agents 
were present in most samples. Approved cut off 
levels of SCC in milk for delineation of sub-clinical 
from clinical mastitis varies from country to country. 
However, the international dairy federation has 

specified that SCC above 200,000 cells/mL is 
indicative of mastitis, and several investigators 
(Berglund et al., 2007; Schwarz et al., 2011; Thomas 
et al., 2015)  have proposed further subdivision of 
SCC as was described in the present study. This 
categorization suggests that 5% of the samples  
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examined in the present study were indicative of 
clinical mastitis although no signs of clinical 
disease were observed. This finding highlights 
potential unreliability and the subjectivity of 
physical examination as well as discrepancies in 
SCC response of cows in these herds (or the 
general region) to bacterial invasion. 
Confounding effects of additional factors require 
further investigation, and re-categorization of 
SCC numbers to adequately reflect variation with 
the form of mastitis and health is warranted. 
Most studies in Nigeria have focused on the use 
of the California Mastitis Test (CMT) for 
confirmation of SM (Ameh et al., 1999; Shittu et 
al., 2012; Makolo et al., 2019). The advantage of 
speed and ease of execution and field (cow-side) 
applicability support its popular use, however, 
the test has a major limitation of being subjective 
as it is an indirect test. There has been a  

 
Figure 2: Boxplot showing the levels of somatic cell 
counts in samples by number of different bacteria 
species isolated from them 

renewed call for the use of SCC determination in 
mastitis monitoring  (Adamu et al., 2020) that has 
been reported by only a few workers in Nigeria 
(Ahaotu et al., 2013; Olatoye et al., 2018). Apart 
from indicating mastitis presence and direct 
production losses, High SCC has been associated 
with milk of low quality that deteriorates easily. 
Thus, there is a need to incorporate the assessment 
of SCC in dairy production and management in 
Nigeria. 
From this study, 65% of sampled cows had sub-
clinical mastitis. This deviates largely from levels of 
sub-clinical mastitis reported by some workers such 
as 19.7% (Umaru et al., 2019), 23.9% (Umaru et al., 
2017), 30.9% (Suleiman et al., 2012) who studied the 
situation in other parts of Nigeria. These variations 
may be related to the use of CMT for sub-clinical 
mastitis determination as opposed to SCC used in 
the present study as well as other cow and 
management factors. However, the prevalence of 
sub-clinical mastitis here nears that reported by 
Shittu et al. (2012) who reported a cow level 
prevalence of 85.3%. However, CMT was also utilized 
in that study. This result agrees more with the 
physical examination as well as bacterial culture and 
isolation, where no signs of clinical mastitis were 
observed despite widespread isolation of potentially 
pathogenic bacteria in the samples that occurred. 
Invariably, the high prevalence of sub-clinical 
mastitis in the two herds is an indication of levels of 
production losses in the form of poor milk yield 
(Sharma et al., 2011) obtained in these herds. 
Indeed, in an earlier report, production losses have 

been shown to occur in milk having an SCC of 
100,000 cells/ml and above (Sharma et al., 2011).  
Bacteria were isolated from 98% of the samples. 
Among these, there is a high likelihood of 
contamination by teat commensals rather than true 
infection of the mammary gland. Isolated organisms 
may be false-positive indicators, hence there is a 
need to interpret the culture results in conjunction 
with actual signs of inflammation (active infection) 
which is SCC in this case (Souza et al., 2016). Thus 
the results of this study emphasize the importance 
of measuring inflammatory indicators along with 
aetiological agents in confirming the occurrence of 
mastitis as previously suggested (Kelly et al., 2011). 
The isolation of more than one species of bacteria in 
about 70% of the sample is also suggestive of a high 
contamination rate by one or more of the species 
isolated, especially as SCC in samples with multiple 
species showed no significant difference from those 
with one species detected. Since the release of 
somatic cells is an innate immune response to the 
invasion of the mammary gland, it would be 
expected that SCC increases in response to the 
magnitude of species colonizing the gland. As has 
been frequently reported in Nigeria and many other 
parts of the world, Staphylococcus aureus was the 
most common pathogen found to cause mastitis in 
the two farms under this study (Ameh et al., 1999; 
Bradley et al., 2007; Suleiman et al., 2018). Because 
of its contagious nature, high prevalence and 
chronicity, S. aureus infections prevail in most dairy 
herds with frequent manifestation as sub-clinical 
mastitis, which can also explain the reason for the 
high level of sub-clinical mastitis in the herds. 
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Additionally, drug resistance has been implicated 
among some S. aureus strains which have been 
explored in several studies (Haveri et al., 2007; 
Suleiman et al., 2012; Elhaig & Selim, 2014; Ugwu et 
al., 2015). Prevalence of other major mastitis-
causing-pathogens, especially the environmental 
pathogen, E. coli (2%), was low in the study. This may 
presumably be a result of it being an ‘environmental’ 
bacterium of enteric origin, which demands its 
presence on environmental matrices such as 
beddings, floors or milking utensils where the 
organisms have the opportunity to multiply and then 
infect the glands. The transhumance characteristics 
of nomadic cattle herders, however, obviate this 
potential as animals do not stay in specific locations 
long enough due to the need to graze to other 
locations in search of fresh pasture and or water 
(Ducrotoy et al., 2016). The prevalence of coliforms 
(E. coli and Enterococcus spp) in these two herds was 
5%, which was lower compared to previous reports 
of 8.2% by (Makolo et al., 2019), 10.3%  (Mbuk et al., 
2016) and several others. The occurrence of these 
environmental pathogens may also be largely 
influenced by climate or weather conditions, with 
higher incidence during the wet humid (as against 
dry) weather favours bacterial propagation. The 
study area, Abeokuta, is located in the Southwest of 
Nigeria, having a rainforest climate with long periods 
of rainfall and more vegetation and water sources 
that favour the migration of cattle rearers during the 
dry spell period (November to March) in the 
northern region of Nigeria. Thus, animals may only 
have seasonal exposure to certain locations in some 
cases. However, grazing of specific lands by different 
herds within short intervals may predispose animals 
to infections from these areas.  
The direct microscopic method for evaluation of the 
SCC in milk as utilized in the present study is a largely 
obsolete, laborious and time-consuming procedure 
and has been replaced in most developed countries 
with fully automated techniques such as fossomatic 
and coulter counters (Kelly et al., 2011). Other more 
recently developed milk analyzers have been in use 
for several decades and are becoming more 
affordable. Setting up of milk screening stations by 
the acquisition of this modern equipment would 
facilitate ready and comprehensive screening of milk 
samples, and thus would be of immense benefit to 
the dairy industry development if adopted to 
provide milk recording services for optimizing 
wholesome dairy production in Nigeria.  
A limitation of this study that may have confounded 
the SCC results is the analysis of composite rather 

than quarter level milk, as SCC levels in an infected 
quarter(s) may be diluted by milk from other 
uninfected quarters of the same udder. It would 
therefore be beneficial and recommended to assess 
SCC in quarter milk samples from nomadic herds to 
give a clearer picture of prevalence and SCC range in 
quarter milk from this system of dairying. 
Overall, this study has shown the value of SCC in 
determining the udder health of cows raised under 
the nomadic system. It is recommended that this 
procedure be harnessed through the use of modern 
somatic cell counters and incorporated into dairy 
development programs in Nigerian to facilitate 
prompt control of mastitis. However, as reported by 
Thomas et al. (2015) and others, cow factors such as 
parity number could affect the SCC. Therefore, to 
improve the diagnostic value of composite milk SCC,  
the counts should be adjusted with specific cow 
factors as prescribed by  (Nyman et al., 2014).  
Judging from the high prevalence of mastitis in the 
nomadic herds as seen in the present study (70%) 
and the prevalence of multiple bacterial infections in 
these systems, it is recommended that a standard 
ranching system should be provided to reduce the 
impact of disease in dairy production in Nigeria. 
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