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ABSTRACT

Currently, somatic cell count (SCC) and bacterialtore is considered as the gold standard of datgctubclinical

mastitis. However, the above-mentioned tests havewadiagnostic accuracy. Therefore, for identifica of

infected animals, new biomarkers with high cliniacuracy are needed. The objective of this studg to

determine the diagnostic value of milk lactate diebgenase (LDH) and alkaline phosphatase (ALP) tfoe

diagnosis of subclinical mastitis in dairy cows eTdctivities of these enzymes increase during tigastihich make
them to be the potential biomarkers for screenifighastitis. A total of 145 clinically healthy cowsre randomly
selected. Of these, 77 cows were considered taffeeted by subclinical mastitis based on a SCQdrighan

100x1000 cells/ml of milk and positive bacterialtate results of milk samples obtained from at tease of the
quarters. Enzymes activities were measured in bkmydm and defatted milk (centrifuged at 5000 gifermin at
4°0) using commercial kits. Diagnostic sensitivity apédficity and cutoff points for each test wereedetined via
receiver-operating characteristics curve. SignifitgP<0.001) increases in the mean and median #ietsvof LDH

and ALP were found in the milk samples collectednfcows with subclinical mastitis. Milk LDH had theost

clinical accuracy with 94.8% sensitivity and 94.3¢ecificity at cutoff point of 109 U/L. The resudfsthe present
study showed that the measurement of LDH and Atifitaes in milk samples could be used as reliabkethod for
detection of bovine subclinical mastitis.
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INTRODUCTION

In spite of the great advances in sciences likeetyes) nutrition, housing and milking conditiondete is a
remarkable increase in a group of multifactorialedises known as “production diseases” in mostgtf pioducing
dairy farms [1]. Among the above-mentioned diseaselsclinical mastitis is the most economically ortant one,
which result in reduced milk production, therapewkpenses and milk disposal during the treatmeribg [2, 3],

changes in milk hygiene and quality, reduced histle, increased mortality and early culling of sigrecows [4, 5,

6]. In fact, subclinical mastitis is the most commrand from economic point of view, is the most imant disease
in dairy industry [7]. Mastitis occurs in two diffent forms: clinical and subclinical mastitis. Gtial mastitis is
recognized by abnormal udder appearance, changeski@ppearance and also systemic signs which nhigtseen
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in affected cows and are easily diagnosed. Subelimhastitis is more difficult to be recognized lwito apparent
change in udder or milk, which causes the diseage tunrecognized leading to drastic economicitossost dairy
breeds [8, 9, 10], so that 70-80% of the losstisbated to subclinical mastitis [11]. Subcliniqalastitis not only
leads to reduced milk quality and quantity but ateweases the risk of transferring of the diseadealthy cows. If
subclinical mastitis is not recognized on time, tligease would be spread in the herd leading toustoreak and
consequently increased therapeutic expenses [20,912]. Therefore using the effective techniquapable to
diagnose the disease at early stages is of greatriance [10, 13]. Although some diagnostic methioalge been
used for detection of subclinical mastitis, inflaatory reactions which are caused by infections ammary glands
are often examined by enumerating somatic cellsnilk [14]. Now a day the cut-off point for deteaticof
subclinical mastitis is considered as 100,000 g»ll§8, 10, 11]. It should be noted that this ammo lacks
sufficient specificity because high somatic celuebdoesn’t necessarily indicate mastitis and ofhetors could
influence SCC as well [10, 15, 16]. On the otherch&CC doesn’t have enough sensitivity to be usaalstreening
test in detection of infected quarters [2, 12, 18lso the standard method for counting somaticscédl the
Fussomatic electro optical method, which is limitedeference laboratories in most developing coes{10, 17].
At the present time, SCC together with bacteri#luce is considered as the gold standard in diagraissubclinical
mastitis[2, 10, 14, 18]. Also bacteriological teate costly and time consuming and are not suitibke used as
routine tests [10, 12]. It is therefore of greaportance to identify specific and sensitive newntéokers that can be
used for rapid detection of subclinical mastitifeTbiomarkers preferably should be measured quimkty easily
using routine techniques [2, 10]. During recentrgethere has been an increased interest in thefusmute phase
proteins in the monitoring and management of aninealth [19, 20, 21]. also much research has beaegr th the
field of acute phase proteins (APPs) in milk andhas been shown that measuring these proteinslinhas a
diagnostic value but since the kits for measurif®ffPA are costly, the routine use of them takes [@n22, 23]. For
years, the use of different enzymes in milk as lirkars to identify mastitis has attracted attentiod it has been
shown that measuring enzyme activities in milk hadiagnostic potential for detection of mastitis P4]. The
concentrations of some milk enzymes such as lactalydrogenase and alkaline phosphatase increase du
inflammation of mammary glands and the enzymes hiaegotential to be used as a screening testefimcton of
subclinical mastitis [1, 6, 11, 13, 25]. Infiltrati of polymorphonuclear leukocytes and macrophagesmammary
glands is one of the essential defense mechanigaisst clinical and subclinical mastitis. Duringtimflammatory
process, these cells and damaged cells of the 'sdgigithelial and interstitial cells, secrete proguthat contain
hydrolytic enzymes. Some of these enzymes, sudhctaste dehydrogenase (LDH) are among the non dysak
enzymes and other enzymes are lysosomal ones§13,2H is a cytoplasmic enzyme that has been pedas a
biomarker for udder health check [1, 6, 13, 15, &tlidies have shown that the activity of this emegsignificantly
increase in milk obtained from quarters with sutickl mastitis [1, 6, 11,13, 27] and its activitgs a high and
positive correlation with SCC especially in infettguarters[11, 27]. Also, studies have shown thatdctivity of
alkaline phosphatase in the milk of quarters witbhddinical mastitis increases significantly commhte healthy
quarters [20, 28, 29], and its activity has a pesicorrelation with SCC [28]. The origin of inceead LDH is
leukocytes found in mastitic milk [11] also the thgiial and interstitial cells, which have been dged during the
inflammatory process [13, 24], although the impoctof epithelial cells for the activity of LDH milk is not clear
[11]. Also the origin ALP in subclinical mastitisilk is leukocytes and damaged mammary epithelidls and
interstitial cells during inflammation, particulpfirom disintegrated leukocytes [28, 29].

The objective of the present study was to deterrfirediagnostic value of LDH and ALP in cows witlbslinical
mastitis.

MATERIAL AND METHODS

Animals and sampling

A total of 145 Holstein cows were randomly selecteam 7 industrial dairy farms in Tehran and Mazarzoh
provinces, Iran. The selected cows were in theatemt period and were milked three times a daygusmilking
machines. A complete clinical examination and udtalth check was performed on each cow and cows nvai
clinical sign of disease and no abnormality in udaled milk appearance were selected for this stGdys in late
pregnancy or early lactation were excluded frora gtudy.

At first quarters were washed thoroughly with luleem water and dried. Then the teat end for eachteuaere
disinfected using ethanol 70% and allowed to dtye Tirst three streams were discarded and milk &snpere
taken from each quarter prior to the milking inethiiseparate tubes. one tube was used to SCC analysilk lab.
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The second tube was immediately transported tcclinecal pathology laboratory in an icebox and wesed for
measuring the studied enzymes. All the milk samftesmeasurement of enzyme activity were skimmed by
centrifugation at 50009 for 15 min atG4and skim milk kept at -20 ° C until the resultsmoicrobial culture and
SCC were ready. The third part of samples werentakéo sterile flacons and immediately transported
microbiology laboratory in a cooler with ice padks bacteriological cultureln order to measure the activities of
studied enzymes in serum, a blood sample was tlkem jugular vein of each cow into commercial Vaoer
tubes (Golden Vd¥, China) on the same day as milk collection and édiately sent to the Clinical Pathology
Lab, Saadat Abad Small Animal Polyclinic, Tehraman| where the serum was separated and kepd & C2until
analysis. In this study, the cut-off point for S@@s chosen ak00 x 16 cells/ml to discriminate healthy cows from
cows with subclinical mastitis. Cows with at leaste quarter with SCC of more than 100 ¥ @élls/ml and a
positive bacterial culture were considered to liecé#d by subclinical mastitis and cows which haguarters with
SCC of <100 x1dcells/ml and with negative bacteriologic resulesrevconsidered as healthy cows (control group).
Milk samples(from 4 quarters) from healthy cows were mixed tbgetand enzyme activities were measured in the
composite milk samples.

Somatic cell count and bacterial culture

SCC in milk samples were performed using a Fossomngatl counter (Fossomatic 5000, Foss Electridlersd,
Denmark) in the milk center of agricultural orgaatien, Shahriar & Sari, Iran. Blood agar, McConlagar and
CHROMagaf" Mastitis (GP&GN) media were used for routine beotegic examination in Microbiology
laboratory, Faculty of Specialized Veterinary Scesy Science and Research Branch, Islamic Azadelkiiy,
Tehran, Iran, according to the National Mastitisi@dl guidelines [30].

Assays of enzyme activity
Milk samples were skimmed by centrifugation at 5@0fbr 15 min at 2C. Blood serum and defatted milk were
used for determination of enzyme activities. DGKEthod was used for measurement of LDH activityodiews:

+ LDH
Pyruvate + NADH H , lactate + NAD

ALP activity was measured by DGKC method as follows
p-NitrophenylphosphateH,0 _**" _p - Nitrophenol+ Phosphate

using commercial kits (Farasamed, Iran) and Aubaer (BT 1500, Roma, Italy) by thi@epartment of Clinical
Pathology, Faculty of Specialized Veterinary SceémcScience and Research Branch, Islamic Azad titye
Tehran, Iran. Those samples which had the enzyrieitees out of the linear range of the kits werdutbd by
saline solution (9 gr/L NaCl) at 1:10 dilution, acding to the manufacturer’'s instructions. The heswas then
multiplied by 10.

Statistical analysis

All statistical analyses were performed using SB&8stical software version 20 (IBM SPSS Statis®20). Data
were analyzed for normality using the Kolmogorov-#®mv test. The mean and median values of eachyex
were compared between the healthy cows and cows swibclinical mastitis using the Mann-Whitney tést
nonparametric data and the independent samplestt & serum LDH activities with normal distriboi. The
difference was considered statistically significatt P-value of < 0.05. The SCC and bacterial celtwere
considered as the gold standard tests. To achigle diagnostic sensitivity and specificity for tliéagnosis of
subclinical mastitis, different cut-off points weselected for each protein using receiver operatimgracteristic
(ROC) analysis, and the area under the ROC cuni#C(Aof > 0.9 was considered as high accufatd. The
diagnostic sensitivity and specificity, and AUCtbé all tests were compared by using the McNensdr te

RESULTS

77 out of 145 selected cows had S@igher than100 x 18 cells/ml and positive culture results in at lease
quarter and therefore, were considered as cows switiclinical mastitis. 68 cows had SCC lower thao % 16
cells/ml and negative culture results in all fowagers were considered as healthy cows. Out otd&iws,
Streptococcus uberis was isolated from 20 sampe®91%), Streptococcus agalactiae from 14 samp@d§%),
Staphylococcus aureus from 18 samples (23.38%0))iErom 14 samples (18.18%) and Streptococcus algstjae
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from 11 samples (14.29%). Descriptive statisticthefstudied parameters in serum and milk samleeaithy and
affected cows are shown in Table (1). The mediahrapan LDH activities in cows with subclinical mtistwere
significantly ¢ < 0.001) higher than for healthy cows, while theamé.DH and ALP activities in the serum
samples of the affected cows had no significarfedifice compared to those of healthy coRs (0.775 andP =
0.873 respectively). There was also a significasditpre correlation (P < 0.001) between milk LDHdaALP
activities and SCC. Sensitivity (Se), Specifici8p{, clinical accuracy and cut-off points of thedséd parameters
are shown in Table 2. The results of the presentysshowed that the Se and Sp of LDH activity ataftipoint of
109 U/L were 94.8% and 94/1%, respectively fordregnosis of bovine subclinical mastitis. The Sd 8p of ALP
activity at cut-off point of 409 U/L was recorded 83.1% and 77.9%, respectively. Also McNemar Béstwed
agreement (P = 0.597) between the two above-mesttiont-off points. Also serum LDH and ALP activitibad a

low clinical accuracy for detection of subclinicalastitis and so they are not suitable markers &ieation of
subclinical mastitis.

Table 1. Descriptive statistics for milk lactate deydrogenase (MLDH), milk alkaline phosphatase (MALB,
serum lactate dehydrogenase (SLDH) and serum alkake phosphatase (SALP) in healthy cows (n = 68) and
cows with subclinical mastitis (n = 77)

Analyte (U/L) | SCC (x1000 cells/ml)| Bacterial cultue | Mean + SE| Median| Minimum-Maximum | P-Value

MLDH <100 - 54 #4 46 14 -212 <0.00f
> 100 + 839 #13 504 80 - 4855

MALP <100 - 300 23 259/5 64 937 <0.001%
> 100 + 918 69 793 173 - 3980

SLDH <100 - 1602 440 | 1587 752 2411 0.77%
> 100 + 1623 446 1611 679 — 2451

SALP <100 - 121 % 106 55 405 0.873
> 10C + 11€+7 107 54+ 476

Animals were considered healthy based on an SCerlthan 100x16 cells/ml of milk and negative milk bacterial cuttuesult, and were
considered subclinical mastitis based on a SCCerigitan 100x18 cells/ml of milk and positive milk bacterial cutiresult
aMann-Whitney test antindependent samples t test between healthy cowsawsiwith subclinical mastitis for each analyte

Table 2. Proposed cut-off value and resulting sensty, specificity, and area under the curve (AUC) dmilk
lactate dehydrogenase (MLDH), milk alkaline phosphtase (MALP), serum lactate dehydrogenase (SLDH)
and serum alkaline phosphatase (SALP) activities fadiagnosis of bovine subclinical mastitis based on

somatic cell count and bacterial culture tests

Analyte | Cut-off (U/L) | Senstivity (95% CI | Specificity(95% CI | AUC (95% CI
MLDH 109.£° 94/¢ 94/1 0.99:
MALP 409.5 83/1 7719 0.895
SLDH 1285.8 74 29/4 0.520
SALP 86.8 74 26/5 0.492

Cl, confidence interval
Cut-offs with common superscript letters, agregetber diagnostically by using the McNemar test

DISCUSSION

The bacteriologic results from the cows in thisdgtwith subclinical mastitis reflected the usualthmgenic
bacteria, isolated from quarters affected with $olmal mastitis in Iran. The contagious pathogeraising
subclinical mastitis were Streptococcus agalac(ib®18%) and Staphylococcus aureus (23/38%). Athe,
environmental pathogens were Streptococcus ub2ED7%), E.coli (18.18%) and Streptococcus dysgac
(14.29%). The results of the present study showatithe mean LDH activities in milks from cows wihbclinical
mastitis were significantly (P < 0.001) higher thi@wnose from healthy cows. Our finding is consistefith the
results of other researchers’ studies [1, 6, Bl,2IF]. Mean LDH activity in milk and SCC showedasitive
significant (P < 0.001) correlation, which was regpd by other researchers [11, 27]. Also mean At#vities in
milk of cows with subclinical mastitis were sigiintly (P < 0.001) higher than those from heatttmwys and there
was a positive significant (P < 0.001) correlatimtween milk ALP and SCC. The findings were coesistvith the
results of other researchers [6, 28, 29, 32]. TamLDH and ALP activities in serum samples of cavith
subclinical mastitis and healthy cows didn’t shaw aignificant difference (P = 0.775 and P = 0.8@§pectively).
Batavani et al., reported the same results [1, B2the present study, clinical accuracy of LDH akdP in serum
and milk samples in detection of subclinical mastitonsidering SCC and bacterial culture as tHd gandard,
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were determined. Milk LDH at cut-off point of 1091Uhad the highest Se and Sp (94.8% and 94.1%ecé&sply).
Se and Sp of milk ALP at cut-off point of 409 UAlere 83.1%, 77.9%, respectively. Symons and Wipgbposed
that milk LDH could be used as a sensitive marbkerififlammatory changes of mammary glands [33].sidatous
et al., reported that LDH activity at cut-off poiot 197 U/L for sheep and 185 U/L for goats had $fseand Sp of
92.8%, 98.2% and 95.4% and 96.3%, respectivelydaathred that LDH activity is sensitive and rel@abiarker for
detection of subclinical mastitis [12]. Chagundal @olleagues reported that LDH activity had a higinrelation
with SCC, especially in milk samples of cows witlbslinical mastitis. They also reported that LDHitehigher
Se than NAGase in detection of subclinical masfRig]. Akerstedt and colleagues showed that LDH ragnall
biomarkers of mastitis had the least variation [Hi}s et al., reported that LDH is a useful marficerdetection of
subclinical mastitis [11]. Yang et al., reportecttimeasuring LDH and ALP activities in milk coulé k useful
diagnostic marker in detection of subclinical m&s{i6]. These findings are different from findingéBabai et al.,
which reported that LDH was not a sensitive mafkerearly detection of subclinical mastitis andyALLP had a
high sensitivity in this regard [13]. The finding§ the present study indicate that serum LDH andPAlad a low
clinical accuracy for detection of subclinical mtistand therefore, could not be used as a reliatdeker for study
of udder inflammation.

Inflammation of mammary gland can affect the mikmposition in several ways. Due to increased péebitigeof
blood-milk barrier, the serum proteins can leak itite milk. Also the damaged epithelial cells reguintracellular
components release into milk and finally synthesismilk-specific components produced in the mammary
epithelium is reduced [8, 34]. Intramamary infeotzan increase the permeability of small vessetutih secretion

of chemical mediators such as histamine, prostadgtankinine, and oxygen free radicals from inflaatary cells
[35]. The origin of increased LDH is the leukocyteshe milk from affected quarters [11] or the dagad epithelial
mammary and interstitial cells during inflammatgrnpcesses [13, 24]. The increased ALP in the nfilkosvs with
mastitis originates from mammary leukocytes andhetial cells and also from damaged interstitidlscduring
inflammation, especially from damaged leukocyted 29].

Since the blood-milk barrier is damaged, so iti$® gossible that the blood LDH or ALP may be tfarred to milk

[13]. While Batavani et al., showed that blood semias not a significant source of these enzyméisamilk [32].,

but it is likely that the damaged leukocytes antepehymal cells of the breast can release the emzyhlowever,
the importance of damaged epithelial cells for LBtivity in milk is unknown [11]. Our research alslbowed that
there is a significant positive correlation betwé®&H and ALP in milk and somatic cells and on thkey hand no
significant increase was seen in the activity afsth enzymes in the blood serum of dairy cows wittcknical

mastitis compared to the healthy cows.

Today, SCC together with bacterial culture are m®red to be the gold standard in the diagnosisuafclinical
mastitis [8, 12, 14, 18]. It should be noted th&CSlacks the needed specificity because its highlséemay not
necessarily reflect mastitis. In other words, thenber of somatic cells in mastitis is affected bgny other factors
such as the number of lactations, stage of lactatével of milk production, season, age and brafechttle [2, 10,
16]. SCC also lacks enough sensitivity to be used screening test in detection of infected quaittecause in the
early stages of mastitis somatic cell count maybeotlevated [2, 16]. Meanwhile the number mayrioeeiased in
the first few days of lactation and remain highilutite first month of lactation [8, 36]. The stamdanethod for
SCC is Fossomatic electro optical method, whicliniged to reference laboratories in many develgpdountries
[10, 17]. Also, bacteriological test are not suigatln be used as a routine test in the diagnosssilo¢linical mastitis
because of being costly and time consuming. Abstiedrom infection during sampling is difficult aoa the other
hand there is the possibility of false negativeultssn quarters, which are chronically infecte@][Therefore, early
detection of subclinical mastitis in milk requirigglammatory markers, which are reliable and fasbugh to be
used routinely [10]. Much research has been peddrfor the diagnosis of acute phase proteins ik amld it has
been shown that measurement of these proteinslknhas a diagnostic value but since the APP didim&gs are
expensive, their use as routine tests takes tim2z2[823].

It has been many years that measuring differengreag in milk has drawn attention as biomarkersdfetection of
mastitis and it has been shown that milk enzymes kiéagnostic potentials for detection of clinieald subclinical
mastitis [4, 24]. The present study showed thaisueng LDH and ALP activities in milk which is lhoeasy and
low cost compared to other methods could be useddiagnostic test with acceptable sensitivity apecificity for

detecting of quarters with subclinical mastitis. félaver, unlike the other methods for routine diamof mastitis,
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measurement of the above-mentioned enzymes isapismpriate to be used during early lactation dred dry
period in order to selective treatment [13].

CONCLUSION

Our investigation showed that measurement of LDH high clinical accuracy, sensitivity and specifidin the
detection of subclinical mastitis and could be useda reliable method in dairy cows. So we propise
measurement of LDH and ALP, especially LDH has flwential to substitute SCC or to be used as a
complementary test combined with SCC for early dagis of subclinical mastitis to reduce the enorsnogses to
the dairy industry greatly.
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