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IntroDuctIon

India is one of the leading country in milk production 
accounting for 17% of global milk production and buf-

faloes contributes more than half of the total milk pro-
duced in the country. Mastitis is a serious problem faced 
by the dairy farmers all over the world due to decreased 
milk production of cattle and buffaloes causing severe 
economic losses (Kumar et al., 2010). It is considered as 

the number one disease amongst all livestock diseases ac-
cording to surveys in the field (Khan and Khan, 2006).

Bovine mastitis is a multifactorial disease seen in acute, 
gangrenous, subclinical and chronic forms of udder in-
flammation. Swollen, painful, discoloured udder, sudden 
decrease in milk production and change in milk compo-
sition are the typical signs of clinical mastitis. No visible 
signs are seen in the udder and milk of sub-clinically af-
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levels. TP, K, P and Cl values were significantly (P<0.05) decreased and AST values were significantly increased in 
SCM infected compared to healthy animals. Total milk leukocytes and neutrophils were significantly (P<0.05) higher, 
while lymphocytes and macrophages population were significantly lower in mastitis infected animals. Changes in the 
haemato-biochemical parameters and milk leukocyte count are important indicators of the disturbed physiological 
or pathological state (mastitis) of the animals.

Keywords  | Mastitis, TLC, Lymphocytes, Neutrophils, AST

SarveSha KriShnappa1, MayaSandra LaKShMiKanth Satyanarayana1, hogaLagere 
doddappaiah narayanaSwaMy1, Suguna rao1, SreenivaSa yathiraj3, ShriKriShna iSLoor2, 
ShivaLingappa yaManappa MuKartaL2, Saurabh gupta4, Shoor vir Singh4*, anuradha Menon 
eLattuvaLappiL3, KuLdeep dhaMa5, SriKanth MaLLaiah1

Haemato-Biochemical Profile and Milk Leukocyte Count in 
Subclinical and Clinical Mastitis Affected Buffaloes

Editor | Kuldeep Dhama, Indian Veterinary Research Institute, Uttar Pradesh, India.
received | September 12, 2016; Accepted | November 25, 2016; Published | December 09, 2016  
*correspondence | Shoor Vir Singh, Division of Animal Health, Central Institute for Research on Goats (CIRG), Makhdoom, PO-Farah, Mathura-281122, 
Uttar Pradesh, India; Email: shoorvir.singh@gmail.com  
citation | Krishnappa S, Satyanarayana ML, Narayanaswamy HD, Rao S, Yathiraj S, Isloor S, Mukartal SY, Gupta S, Singh SV, Elattuvalappil AM, Dhama K, 
Mallaiah S (2016). Haemato-biochemical profile and milk leukocyte count in subclinical and clinical mastitis affected buffaloes. Adv. Anim. Vet. Sci. 4(12): 642-
647.   
DoI | http://dx.doi.org/10.14737/journal.aavs/2016/4.12.642.647
ISSn (online) | 2307-8316; ISSn (Print) | 2309-3331

copyright © 2016 Krishnappa et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.

1Department of Pathology; 2Department of Veterinary Microbiology; 3Veterinary College, Hebbal, Karnataka Vet-
erinary Animal and Fisheries Sciences University (KVAFSU), Bengaluru-560024; 4Division of Animal Health, 
Central Institute for Research on Goats (CIRG), Makhdoom, PO-Farah, Mathura-281122, Uttar Pradesh, India; 
5Division of Pathology, Indian Veterinary Research Institute, Bareilly, Uttar Pradesh, India.

http://dx.doi.org/10.14737/journal.aavs/2016/4.12.642.647
crossmark.crossref.org/dialog/?doi=10.14737/journal.aavs/2016/4.12.642.647&domain=pdf&date_stamp=2008-08-14


NE  US
Academic                                      Publishers

Advances in Animal and Veterinary Sciences

December 2016 | Volume 4 | Issue 12 | Page 643

fected animals. In both subclinical and clinical forms there 
is an increase in somatic cell count (SCC) and decrease in 
milk production (Radostits et al., 2007) with SCC being 
inversely proportional to total milk yield (Khan and Khan, 
2006).

The prevalence of mastitis increases with higher number 
of lactations, with reduced incidence in the first lactation. 
Changes in prevalence of mastitis may be regional, breed 
wise, therapeutic, managemental and various causative mi-
croorganisms in the environment (Sadashiv and Kaliwal, 
2014). Failure of treatment in mastitis could be attrib-
uted to antimicrobial resistance, various causative or-
ganisms, pathological alterations in the mammary gland 
and lack of proper veterinary services (Adesola, 2012).

In mastitis, there is a break in the blood-milk barrier, along 
with impaired synthesis and secretory activity of udder 
epithelial cells, which alters the level of most components. 
The present study was undertaken to evaluate the haema-
to-biochemical and milk leukocyte count alterations in 
buffaloes affected with mastitis.

MAtErIAlS AnD MEthoDS

CoLLeCtion of SaMpLeS and teStS
Blood samples were collected from jugular vein of 20 
healthy, 101 SCM and 15 CM affected buffaloes from 
Kolar and Chikkaballapur districts of Karnataka state, In-
dia in heparinised mineral free (15-20 ml) vials and disodi-
um EDTA (2-3 ml) vials. Blood samples were transported 
to the laboratory within one hour in a thermo flask with 
ice & then fresh blood was analyzed for Hb, PCV, TEC, 
TLC, ESR and DLC by using fully automated hematol-
ogy analyzer (Mindray, BC-1800). The serum separated 
from blood was analyzed for ALT, AST, Ca, Cl, K, Mg, Na, 
P and TP by using fully automated biochemical analyzer 
(Thermo scientific KONELAB 20).

CaLifornia MaStitiS teSt (CMt), SoMatiC CeLL 
Count (SCC) and eLeCtriCaL ConduCtivity 
(eC) MeaSureMent
The milk samples collected were subjected for California 
mastitis test (CMT), Somatic cell count (SCC) and Elec-
trical conductivity (EC) measurement. EC was determined 
by using Milk checker (Eisai Co. Ltd. and Oriental instru-
ments Ltd., Tokyo. Japan) and a value more than 6.5 mS/cm 
were considered as positive for SCM (Swarup et al., 1989). 
The milk samples were collected aseptically in sterilized 
plastic bottles for SCC and differential leukocyte count. 
Milk total somatic cell and differential leukocyte count 
were estimated according to general principle of Prescott 
and Breed method as detailed by Schalm et al. (1971) and 
a value > 5.00 Lakhs/ml of milk was taken as criteria to de-

clare the milk or animal as subclinically mastitic or infected.

StatiStiCaL anaLySiS
The data generated from the study were subjected to one 
way analysis of variance (ANOVA) test using Graph Pad 
Prism version 5 for windows.

rESultS

Haematology of animals revealed significantly (P< 0.05) 
higher average values of TLC in mastitis infected than 
healthy animals. Significantly (P< 0.05) lower average val-
ues of TEC, Hb and PCV were observed in SCM infected 
animals, however no significant (P>0.05) change were ob-
served in values of CM infected than healthy animals. DLC 
revealed higher granulocytes and lymphopenia in mastitis 
infected animals (Table 1). Significantly (P< 0.05) higher 
average values of ESR were observed in SCM infected 
animals, however no significant (P>0.05) change were 
observed in values of CM infected than healthy animals.

table 1: Mean ±SE values of haematological parameters of 
control and mastitic Buffalo
Parameter control 

(n=20)
Mastitis

Sub clinical 
(n=101)

Clinical
(n=15)

Hb g/dL 10.45±0.30a 8.96±0.15b 9.66±0.45ab

PCV % 31.73±0.43a 28.67±0.22b 27.79±0.53b

TEC x106/µL 7.22±0.17a 6.87±0.05b 7.17±0.09ab

TLC x103/µL 6.82±0.23a 10.61±0.15b 11.32±0.47b

Granulocyte % 35.89±0.78a 65.60±0.26b 70.76±0.95c

Lymphocyte % 60.43±0.65a 30.56±0.29b 25.21±0.97c

Monocyte % 3.68±0.43 3.84±0.19 4.03±0.48
ESR mm/2hrs 1.17±0.02a 2.02±0.04b 1.10±0.02a

Means marked with different superscript a,b,c differ significantly 
(P< 0.05) in a row

table 2: Mean ±SE values of biochemical parameters of 
control and mastitic Buffalo
Parameter control 

(n=20)
Mastitis
Sub clinical 
(n=101)

Clinical
(n=15)

ALT U/L 9.94±0.31 9.99±0.14 9.49±0.46
AST U/L 77.96±2.47a 120.07±1.43b 86.26±2.10a

TP g/dL 7.15±0.14a 6.72±0.07b 7.09±0.12ab

Ca mg/dL 9.59±0.20a 13.22±0.12b 12.98±0.30b

P mg/dL 6.86±0.19a 4.61±0.06b 4.97±0.19b

Mg mg/dL 2.15±0.09a 2.45±0.05b 2.57±0.12b

Cl mEq/L 98.46±1.46a 88.85±0.56b 88.21±0.77b

Na mEq/L 139.70±0.77a 152.88±0.61b 153.21±1.34b

K mEq/L 4.39±0.13a 3.79±0.06b 4.10±0.12ab

Means marked with different superscript a, b differ significantly 
(P< 0.05) in a row
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Biochemical estimation revealed significantly (P< 0.05) 
higher average values of Ca, Na and Mg in mastitis infect-
ed compared with healthy animals however, no significant 
(P> 0.05) change was observed in ALT levels. TP, K, 
P and Cl values were significantly (P< 0.05) decreased 
and AST values were significantly (P< 0.05) increased in 
SCM infected animals, however no significant (P >0.05) 
change were observed in TP and K values of CM infected 
than healthy animals (Table 2). In CM infected animals 
significantly (P< 0.05) lower average values of P and Cl 
were observed.

The total milk leukocytes and neutrophils were significant-
ly (P< 0.05) higher, while lymphocytes and macrophages 
population were significantly lower in mastitis infected an-
imals (Table 3). Significant (P< 0.05) increase in EC of 
milk from SCM and CM infected animals were observed 
in comparison to healthy animals.

table 3: Mean ±SE values of milk EC, SCC, DLC of 
control and mastitic Buffalo

Parameter control 
(n=20)

Mastitis
Sub clinical 
(n=101)

Clinical
(n=15)

EC mS/cm 4.40±0.14a 10.07±0.20b 17.01±0.87c

SCC Lakhs/mL 1.81±0.10a 8.16±0.14b 17.25±0.24c

Neutrophil % 4.97±0.22a 43.33±0.18b 61.77±1.11c

Macrophage % 76.34±0.16a 27.71±0.18b 11.74±0.33c

Lymphocyte % 15.91±0.16a 17.90±0.17b 16.65±0.29a

Others % 2.79±0.18a 11.06±0.28b 9.84±0.84b

Means marked with different superscript a,b,c differ significantly 
(P< 0.05) in a row

DIScuSSIon

Hb, TEC and PCV level of SCM buffaloes showed signif-
icant (P< 0.05) decrease in comparison to healthy animals. 
These findings are in accordance with the findings of Zaki 
et al. (2008) who reported that anaemia in mastitic buf-
faloes were due to decrease in Hb, RBC and PCV levels. 
No significant (P>0.05) changes were observed in Hb and 
TEC level of CM infected as opposed to healthy ani-
mals. The results corroborate with the observation of 
Sischo et al. (1997) who reported that PCV and Hb did 
not exhibit any specific trend in the animals suffering from 
mastitis.

Significant (P< 0.05) increase in granulocytes and total leu-
kocyte count (TLC) along with significant (P< 0.05) de-
crease in the lymphocyte count were observed in buffaloes 
affected with subclinical and clinical mastitis. Increased 
TLC with increase in absolute number of monocytes, eo-
sinophils and neutrophils in mastitis were reported by Khan 

et al. (1997). The ESR of SCM infected animals was found 
to be higher than healthy animals however, no significant 
(P> 0.05) change was observed in CM affected animals. 
These findings are in agreement with Cebra et al. (1996) 
which could be due to chronic infection noticed in SCM.

Significant (P< 0.05) decrease in total protein (TP) level of 
SCM cases compared with healthy animals were observed 
however, non-significant (P> 0.05) decrease was observed 
in CM infected animals. These findings are in accordance 
with the findings of Mosallam et al. (2006) who reported a 
notable decrease in TP values of SCM infected buffaloes. 
Contrary to present findings Dwivedi et al. (2004) report-
ed that significantly (P< 0.05) higher level of TPP (6.81g/
dl) and globulin (3.98g/ dl) in serum samples of mastitic 
cows compared with 6.11g/dl and 3.25g/dl in healthy an-
imals, respectively. This could be due to decreased levels of 
albumin following inflammatory response in the body of 
mastitic cattle (Singh, 2000).

Serum calcium level of the SCM and CM infected ani-
mals were significantly (P< 0.05) higher than the healthy 
animals. This could be due to the decline in the milk yield 
in infected animals leading to reduced excretion of Ca in 
the milk (Wegner and Stull, 1978). The findings of this 
study were in line with Singh et al. (2014) who reported 
significantly (P< 0.05) increased levels of plasma Ca in 
buffaloes suffering from mastitis. As opposed to present 
findings Zaki et al. (2008) reported significant decrease in 
the average values of Ca in serum of mastitis infected as 
compared to healthy buffaloes.

Average value of phosphorous of the healthy animals were 
significantly (P< 0.05) higher than the SCM and CM in-
fected animals which could be attributed to its higher se-
cretion in milk, due to injury to the udder wall resulting in 
increased loss in milk which is in accordance with the ob-
servation of other researchers (Mosallam et al., 2006; Sid-
diqe et al., 2015). As opposed to present findings Zaki et 
al. (2008) reported no significant change in the average 
values of P in serum of mastitis infected as compared to 
healthy buffaloes.

Serum magnesium level of the SCM and CM infect-
ed animals were significantly (P<0.05) higher than the 
healthy animals. The findings of this study were in line 
with Singh (1999) who reported significantly (P< 0.05) 
higher average values of Mg in acute mastitic buffaloes. 
Contrary to present findings Siddiqe et al. (2015) reported 
significant decrease in the average values of Mg in serum 
of mastitic cows from that of healthy cows.

Serum sodium level of the SCM and CM infected ani-
mals were significantly (P< 0.05) higher than the healthy 
animals. 
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Figure 1: Various inflammatory and secretory cells Newman’s stain X 1000: A) Polymorphonuclear cells/ Neutrophils; B) 
Degenerating neutrophils; c) Lymphocytes; D and E) Macrophages with irregular cell membrane and basophilic engulfed 
material; F and G) Desquamated secretory glandular epithelial cells; h) Large desquamated secretory glandular epithelial cell with 
granulesMicroscopically milk showing occasional inflammatory cells in Newman’s stain X 200

The findings of this study were in line with Mosallam et al. 
(2006) who reported significantly (P< 0.05) higher average 
values of Na in mastitic buffaloes. Atroshi et al. (1996) 
also reported higher serum Na levels in animals suffering 
from mastitis. This could be due to the decline in the milk 
yield in animals suffering from mastitis, thereby minimiz-
ing the loss of sodium from body and elevating the level of 
Na in the blood.

Figure 2: Microscopically mastitis infected milk showing 
abundant inflammatory cells in Newman’s stain X 200

Chloride and Potassium levels of the SCM animals 
were significantly (P< 0.05) lower than the healthy an-
imals. These findings are in accordance with the findings 
of Mosallam et al. (2006). As opposed to present findings 
Singh (1999), reported significant increase in the levels of 
K in serum of mastitis infected buffaloes. This could be due 
to more loss of Cl and K in milk due to injury to the udder 
wall. The highly significant (P< 0.05) increases detected in 

AST values of SCM are in line with the reports of Bayumi 
et al. (2005) which could be due to stressful conditions.

The total milk leukocytes and granulocytes were signif-
icantly (P< 0.05) higher, while lymphocytes and mac-
rophages population were significantly (P< 0.05) lower in 
mastitis infected animals indicating mammary gland in-
fection (Figure 1 and 2). The milk leukocyte count is con-
sidered the best biomarker for inflammatory reaction in 
udder infection. The increased number of milk leukocyte in 
present study could be due to microbial infection in udder 
as these are the major part of the immune response of the 
animals (Djabri et al., 2002; Gargouri et al., 2008). These 
results corroborate with the observation of earlier workers 
(Hussain et al., 2012, 2013). The colonization of mammary 
glands by pathogenic micro-organisms results in a series of 
events which leads to major alterations of milk compositions 
secreted from cells. Therefore CMT (Figure 3) is a suitable 
measure for use on large scale monitoring programs.

Figure 3: Detection of SCM by CMT test
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Significant (P< 0.05) increase in EC of milk from SCM 
and CM (Figure 4) infected animals were observed com-
pared to healthy animals. This is in accordance with the 
reports of Sripad et al. (2013). The increase in EC milk 
of mastitis animals could be due to elevated levels of ions 
such as sodium, potassium, calcium and chloride during 
mammary gland inflammation.

Figure 4: Detection of mastitis by EC test using milk checker 
instrument

concluSIon 

Changes in haemato-biochemical parameters and milk 
leukocyte count can be used as important indicators of 
physiological or pathological state (mastitis) of the ani-
mals. It was concluded that CMT, EC and SCC were 
ideal for early detection of subclinically infected quarters 
and aids in the selection of dairy animals for either segre-
gation or therapy.
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