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Abstract 

Th is thesis represents an  aggregation of knowledge on bovi ne mastitis i n  t h e  New 

Zea land da i ry i ndustry. Fi rstly, the thesis reviews the factors infl uencing the economic 

im pact of bovine  mastitis. Second ly, i t  provides i nformation on the incidence of cl i n ical  

and subcl in ica l m astitis, as a prereq u isite for est imating these costs. Th i rd ly, it 

investigates the effects of experimental ly-i ndu ced Streptococcus uberis m astit i s  early 

in the dry period on mi lk  p roduction in the subsequent lactation .  

In  the review of factors i nfl uencing the cost of b ovine  mastitis, it was c lear  that n either 

fa rmers nor fa rm advisors have a good understanding of its fu l l  economic i m pact. In 

order  to better u nderstand these costs, it is necessary to have a clear idea of the 

inc idence and con sequences of c l in ica l  and subcl i n ical  mastitis: areas of knowledge 

which were identified as being deficient. H ence, two studies were con d u cted to 

i nvestigate these a reas. 

In the first study, the inc idence of c l in ical mastitis in North land, New Zea l a n d, was 

est imated . F u rthermore, the aetiological agents causing mastitis were e l icited  and 

thei r chronologica l d istributions in lactation were descri bed . The average i ncid ence of 

c l in ica l  mastitis was 0.19 cases per 305 cow-days at-r isk, which is h igher  than 

p reviously reported i n  New Zea land .  There were approximately equa l  n u m bers of 

isolat ions of Staphylococcus aureus (23.7%}, and Strep. uberis (23.3%) from c l in ical  

cases: a pattern that is remarkably differen t  to elsewhere i n  the country. C l in ical 

mastitis due to S. aureus or Strep. uberis d iffered between age groups, with the h ighest 

i ncid e nce of S. aureus isolations from o lder cows (0.043 cases per 305 cow- d ays-at

risk) a n d  lowest from 2-year old cows (0.014). The i ncidence of Strep. uberis was 

sim i l a r  in fi rst calving (0.034 cases per 305 cow-days-at-risk) and  o lder cows (5 year

o ld :  0 .039 cases, 6 year-o ld : 0.030 cases) .  Overa l l, 12% of cows were temporari ly 

removed from supply and 1% were cul led for m astitis. The d ifferences between the 

study  i n  N o rth land and th ese reported elsewhere from NZ h igh l ight the need for a 

nationa l  su rvey on the aetiology and ep idemio logy of bovine  mastitis. 

A second  study eva luated the effects of Strep. uberis clin ica l  mastitis in the e a rly d ry 

period  o n  m i l k  p roduction in the su bsequent lactation .  I n  a previous study, 
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Strep. uberis mastitis was experim ental ly induced and then p rom ptly treated .  This 

experiment p rovided a data set from which the i m pact of Strep. uberis c l i n ica l mastitis 

ea rly in the d ry period on mi lk  p roduction in the subsequent lactation cou ld be 

est imated. Resu lts of this study ind icated that an early dry period cl i n ica l  mastitis due 

to Strep. uberis/ when p romptly treated, d id  not affect production in the subsequent 

lactat ion.  For  cows that suffered mastitis ep isode d u ring early d ry period com pared to 

those that d id n ot, there was no differen ce in mi lk  yie ld ( 5126 vs. 5010 l itres), fat yield 

(267 vs. 264 kg), and p rote in yield {182 vs. 179 kg), respectively. lt was considered that 

the short d u ratio n  of i ntramammary i nfection did not cause permanent damage to the 

mammary secretory tissue. 

lt was conc lu d e d  that the current estimates of the economics of m astitis in  New 

Zea land a re p ro b ably under-estimating the real cost of mastitis to its da i ry i ndustry. 

This was based o n  the h igher inc idence of c l in ical  mastitis in North land than elsewhere 

in  the country a nd a fa i l u re of previous stud ies to take into cons ideration the costs 

associated with a n ima ls  that were temporari ly  removed from supp ly ( i . e. rather than 

cu l led ) .  Addit ion a l ly, as the h ighest frequency of new intramammary i n fections occurs 

i n  the fi rst wee k  or two after drying off, it m ay prove benefic ia l  for fa rmers to pay 

more attention  to checking for c l in ical mastitis d ur ing the early d ry period .  
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Prefa ce 

lt is more than 3 years ago that I started design ing a project for my Masters degree. At 

that t ime I was working for Dr Ross D Woods in a mixed an ima l  practice i n  Da rgavi l le, 

North l and, New Zea land,  and I he ld a specia l  interest in bovine mastitis and da i ry cattle  

rep roduct ion.  I was fascinated by how many cases of cl i n ical  mastitis or mastitis 

pro blem herds were in the area. Anecdota l evidence from veterinarians and laboratory 

workers from the region suggested that there might be d ifferent patterns of  mastitis i n  

North land to  those observed elsewhere i n  N ew Zea land .  The idea  to  conduct a study 

on the aetio logy of bovine mastitis for the region was thus born .  lt took more than a 

yea r  to fi nd someon e wi l l i ng to provide fi nancia l  support and  to start the first study. 

After that, it was easier to fi nd extra fi nanc ia l  support. At this stage I contacted Prof 

Tim (Ti mothy) J. Parkinson, who invited Assoc Prof Cord Heuer a lso to be i nvolved. At 

th is  stage both veterinary practices in Dargavi l le  ama lgamated causing a n  add it iona l  

pressu re of cha nging the working environm ent and  h abits. Cond ucting the study, I 

fou n d  why people a re rel uctant to work on larger sca l e  stud ies whi le e m ployed fu l l  

tim e  i n  a p ractice. There was n o  t ime for a private l ife, especia l ly s ince I was  recently 

marri ed .  Fortunate ly, my wife, Pau l i na  Rodriguez, was a lso preoccu p ied as she was 

prepar ing for the N ew Zea land N ation a l  Veterinary Exa mination registration exams. 

She d i d  not compla in  (hugely) about the extra hours that I spent with my "gi rlfriend" 

(my comp uter) or  with my "love" (da iry farms). 

On ly d u e  to the va luab le  time contributed by fa rm ers and farm personnel on the study 

fa rms made it  possib le  to cond u ct and complete this study. I truly enjoyed the 

d iscuss ions with them and the fa rm visits. 

F u rthermore, browsin g  the l iterature, I found that there is a great deal of l iterature 

avai l a b le  on the economics of bovine  m astitis, but there is a lack of review/cont inu ing 

educat ion articles that  provide  a l i st of the factors associated with the cost of  bovi n e  

mastit is t o  the da i ry ind ustry. This p rovided the insp iration for me to review the 

l iteratu re for these factors and su bsequently write an art ic le on continu ing  education .  

After a year or so  of  work, with he lp  of  two of  my friends from my U n iversity days -

Prof M etodija Trajcev and Prof Gjoko Buneski of Un iveristy "St Cyri l a n d  M ethod ius", 
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Skopje, Maced on ia, the first version was sent to the ed itor of the Journal of the South 

African Veterinary Associat ion .  

In  late January 2006, my wife and I left Dargavi l le  and  moved to Palmerston North, 

where I jo ined the team of the Institute of Veterinary, An ima l  and Biomedica l Sciences, 

M a ssey Un ivers ity. M y  close col laboration with Prof Norman B. Wi l l iamson at M assey 

U n iversity com p leted the expansion of my supervisors team. My interest in the 

economics of bovine  mastitis formed the basis of the second study i nc luded i n  th is 

thesis - investigat ing the effects of c l in ica l mastitis occurring in the early dry period o n  

the m i l k  produ ction i n  t h e  subsequent season. A study on t h e  efficacy o f  a n  

experimental a n d  a m od ified exi st ing external  teat sea lant, conducted over a previous 

dry period by Ceci l ia Fernandez, provided a great opportun ity to investigate any 

production effects after Streptococcus uberis chal lenge and i nfection. 

At this stage I started with my b iggest saga during the preparation of this thesis -the 

a n a lytica l part o f  the stud ies. I learned that  data preparation and proper ana lyses are 

very important. Col lectin g  the data is easier than the d ata entry that can be a very 

d i fficu lt task, part icu larly when the col lected data are on hand-written forms. This was 

succ inctly stated  by Prof Ynte Schukken from Corne l l  U n iversity, USA, at a February 

2007 Epidemiology workshop  when he said "You enter your data preparing it for 

a n a lysis, n ot j u st to be e ntered". This is something that I had to learn the hard way, 

d urin g  my Mast ers preparat ion .  

Ana lyses i n  the second study were conducted with gu idance and assistance o n  the use 

of SAS software from Dr N icolas Lopez-Vi l la lobos. Mr Alex Gri nberg was a lso i nvolved 

in the study, provid ing  some i nformation in the absence of Ceci l ia Fernandez, who had 

returned to Argentina .  I fou n d  computer software to be very helpfu l and fast, 

h owever, I am not  sure that i n  m y  next l ife I would l i ke to be  a statistician . 

This M asters project has  been one of the most enjoyab le educationa l  experiences that 

I have undertak e n .  The knowledge ga ined and  the tech niques learned ( in particu lar 

b iostatistics), h a ve provided an  opportun ity to i nvestigate problems that were 

previously imposs ib le for me to tackle. I am n ow ab le to a pproach problems in a more 

logica l manner. I h ave gained sk i l l s  and confidence to learn many more techn iques of 
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the d iscip l i ne  under  my own gu idance and this wi l l  be basis for my fu rther 

development. 

Writ ing is an  essenti a l  part of any resea rch and it is often very d ifficu lt  to b r i ng  the 

observations and ana lyses to other peop le, particu la rly in a foreign language as E ngl ish 

is my second (or so) l a nguage. Ross Woods, George Tharakan, Kathy Dropu l ich ,  Kyl ie 

Mart inovich, Dona ld Thomas, Graeme Ewenson, S imeon Pol lock and Joyce DeMoul in  

from Dargavi l le,  Prof Co l in  Holmes, Assoc P rof Duncan Mackenz ie, Mr  Al lan Th atcher, 

and my supervisors, at Massey have been of tremendous he lp  read ing p apers, 

manuscripts and  this thesis and have suggested usefu l corrections.  P rof Wi l l i amson 

once mentioned that my first versions of manuscri pts are in Macedon ian  with E ngl ish 

words.  
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1. 1 Genera l Introduction 

Bovine mastitis is defi ned as an inflammation of the mammary gland main ly i n  react ion 

to infection by mastitis-causing organisms (MCO). l t  is one of the most p revalent 

economica l ly importa nt p roduction d iseases affecting the dairy cattle industry world

wide (Biosser 1979; Fetrow 1987; Gi l l  et a l  1990; DeG raves and Fetrow 1993; Hortet 

and Seegers 1998; Seegers et a l  2003 ) .  

Bovine mastitis is a m u lti -factoria l  and com p lex d isease, resu lti ng from i nteract ion 

between cows, m icroorgan isms and the environment (Figu re 1 .1; Watts 1988; 

Schukken and  Krem er 1996). Most cases of  c l i n ical mastitis (CM) i n  da i ry cows a re 

infectious i n  aetio logy (Craven 1987; Sandho lm et al 1990). Despite i ntensive research 

and the i mp lementation of various mastitis control strategies over the decades, bovine  

mastitis has not d isappeared and  the reduction i n  the  p reva lence of sub-cl i n ica l  

mastitis (SCM) has been m in imal (Pyorala 2002) to sign ificant, country dependant. I n  

New Zea land the reduction of SCM i s  evident from the decrease i n  nat ional  bu l k  m i l k  

somatic ce l l  count to  a round 200,000 cel ls/ml lately. On the other hand, there h as 

been a considerable decrease i n  the inc idence of c l in ical cases of bovine  m astitis 

worldwide.  

More than 137 species of o rganisms have bee n  imp l icated as causal  agents of  bovine  

mastitis (Watts 1988). Many bacteria, yeasts, viruses and  fungi have been  i sol ated 

from bovine mam mary glands but on ly a sma l l  gro u p  of them cause elevated somatic 

cel l  counts (SCC) and mastitis (Watts 1988; M a l inowski et a l  2002; Wel lenberg 2002). 

More than  90% of al l new intra mammary i n fections (IMI) are caused by a few M COs, 

namely, Staphylococcus aureus, coagu lase-negative staphylococci (CNS), Streptococcus 

aga/actiae Strep. dysgalactiae, Strep. uberis a n d  Escherichia coli. However, there a re 

many other m isce l laneous species of orga n isms capable of causing mastitis and fi nd ing 

one o f  these causing mastitis may be h ighly s ignificant for a particu la r  da i ry herd . 

F inanc ia l  losses due to mastitis are substanti a l  and arise from d i rect and  i nd i rect l osses 

and expenditure. Bovin e  m astitis is considered one of  the most economical ly 

importa nt d iseases for the da i ry i nd ustry in d eveloped cou ntries (B iosser 1979; F etrow 

1987; G i l l  et al 1990; Schepers and Dijkhu izen 1991; Mclnerney et al 1992; DeG raves 
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a n d  Fetrow 1993; Al lore and Erb 1998; Hortet and Seegers 1998; Fetrow 2000; Pyora la  

2002; Seege rs et  a l  2003) .  Bennett et a l  ( 1999) estimate that the total costs of each 

d isease can be m u ch h igher than the d i rect expenditure ( Ben nett et a l 1999) .  

Figure 1.1. Bovine mastitis epidemiological triangle - cow, mastitis-causing organisms and the 

environment 

Mastitis cost the  USA da i ry industry a pproximately US$2 bi l l ion/year i n  1992 and 1993 

(M i les et a l 1992;  Cu l ler 1993). According to Ott (1999) the total  production loss due to 

mastitis in the USA is $ 108.00 per cow for herds with average Bu lk  Ta n k  Somatic Cel l  

Count  (BTSCC) of 200,000-399,999  cel ls/ml  and $295.24 per cow for herds with 

average BTSCC 400,000 and above. Th is amounts to losses of approxim ately $1 bi l l ion 

to the USA da i ry i ndustry, based on ly  on BTSCC, as a measure of SCM (Ott 1999) .  Morin  

et  a l  (1993), m on itori ng fou r  I l l i no is  herds for twelve months, reported mastitis

associated eco n o m ic losses rangin g  from US$ 161.79 to $344. 16 per lactating 

cow/year. Sim i l a rly, the total fi nanc ia l  cost of mastitis to the average Scottish da i ry 

herd i n  1996 was estimated to be £140/cow/year (Ya lcin 2000), of  which a loss of 

£100/cow/year was due to SCM in  high BTSCC herds (Ya lc in et al 1999). Bovine  mastitis 

has been est imated to cost the N ew Zea land da i ry industry around  NZ$180 

m i l l io n/year i n  2 005/06 (Anonymous 2006) . 

Many factors h a ve been associated with the cost of mastiti s  to the da i ry i nd ustry and 

they have been recently reviewed (Petrovski et  a l  2006).  The main factor  causing 
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economic losses, due to both c l in ica l  and  SCM, is a more or less persistent decrease i n  

mi lk  yie ld .  The  pathogenesis of mastitis, i n  many  cases, inc ludes damage to  secretory 

tissue a nd its replacement with fibrous tissue, lead ing to a permanent decrease in m i l k  

yield from the  affected q uarter (Ben ites et a l  2002) . Du ring mastitis episodes and  

recovery periods m i l k  com position is a l so  affected (Bishop et a l  1984; DeG raves and 

Fetrow 1993; Auldist 1995; Seegers et  a l  2003) influenc ing yie lds of  mi lk  sol ids .  

I n  a case of mastitis d u ri ng lactation,  usua l ly there wi l l  be a short-term depression in 

mi lk  yield of variable severity. In  the case of no m icrobia l  cure and recovery, th ere is a 

longer- lasting effect, sometimes carrying over i nto the next lactation/s. Regarding 

short-term effects, it is genera l ly accepted that the ear l ier mastitis occurs in the 

lactation the greater the losses of m i l k  yield (Beck et a l  1992; Houben et a l  1993; 

Hortet a nd Seegers 1998; Rajala-Schu ltz et a l 1999; Fetrow 2000). 

Lon g-term effects of CM on milk yie lds a re an a rea that need more attentio n  from 

research (Petrovski et a l  2006), a lthough ava i lable estimates genera l ly ind icate that 

after an  episode of CM there are both short- and long-term decreases i n  m i l k  

prod uction, particu larly associated with chron ic bovine  mastitis (Smith et a l  1968; 

Fetrow et a l  1991; Lescourret and Coulon 1994; Raja l a-Schu ltz et a l  1999; Fetrow 

2000) .  

The effects of CM d u ri ng the dry period on mi lk production parameters do not appear  

to h ave been systematica l ly investigated. Nonetheless, the  dry period is an i m port a nt 

part of the lactat iona l  cycle during  which the mammary gland shou ld recover and  

prepare for the  n ext lactation. A c l in ica l  case of  m astitis during th i s  period m ay 

therefore be expected to d isturb the process of normal  involution and  p reparat ion for 

lactogenesis. 

Most of the ava i l able estimates take i nto account on ly a part of the real cost of 

mast i tis, as est imating the true costs associated with mastitis is notoriously diffic u lt .  lt 

is even more d ifficu lt  to q uantify the losses associated with SCM, because they a re n ot 

visible to farm owners. To avoid underest imating the consequences of mast it is  in  

evalu ations of economic-loss it i s  im portant to account for a l l  of  the cost factors 

i nvo l ved. 
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M any tech n iq ues and methods have been used to estimate p roduction losses from 

mastitis in da i ry cattle, but none of the techniques used are perfect, due to lack of a 

d i rect m easure of  how much mi lk  a cow would have produced if there had been no 

occurrence of mastitis d u ring l actation.  Fu rthermore, a l l  have a degree of i nherent 

bias which, in  m ost cases, tends to u nderestimate the actua l  m i l k  yield decrease that 

has  occurred (DeGraves and  F etrow 1993 ).  M ethods commonly used include p roducer 

su rveys, regression ana lyses relati ng mi l k  somatic cel l  counts, between-herd 

comparisons, between-cow yield com parisons, within-udder yield comparisons, 

with in-cow yield comparison a n d  stud ies between identical  twins. 

Est imation of  the econom ic costs associated with mastitis depends on havi n g  the 

fo l lowin g  data: 

1. An estimate of the incidence and prevalence of mastitis in the population is a p re

requ isite for the estimation of its real cost to the da i ry industry. There is currently a 

general d emand through regu la r  monitoring, recording and research to establ ish the 

i ncidence and p revalence of  mastitis. 

McDougal l  (2002 )  reported the i ncidence rate of  CM in  N ew Zea land da i ry herds to be 

14 cows/lOO cows per a n n um, with the majority of cases occurri ng  around ca lving 

(McDouga l l  2002a ) .  I ntervention studies in New Zealand found that 10% of cows 

acqu i red new i n fections d u ring  early lactation (Pankey 1982; McDouga l l  1998). 

Brookban ks (1966) repo rted that 32% of cows had a positive rapid mastitis test (RMT) 

during a study conducted in 130 herds throughout New Zea land (Brookbanks 1966). 

No references to  other nat ion-wid e  surveys of  the incidence of c l in ical or subcl in ical  

mastitis were fou n d  in  the l iterature. 

2. The severity of the physical effects of mastitis on milk production, depends on many 

factors, such as type and viru lence of  the M COs, stage of lactation, age of the cow and  

u dder d efence mechan isms. 

Research o n  the d istribution of M CO in  New Zea land  is a lso l imited . Ea rly surveys of 

M CO in  m i l k  reported that 14 to 18% of  the cows were infected with Strep. agalactiae, 

27 to 41% with 5. aureus 2 to 4% with Strep. dysgalactiae, fewer than 3 .0% with Strep. 

uberis a n d  25% with CNS (Brookbanks 1966; E l l iot 1976). More recently, the 
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prevalence of 5trep. aga/actiae and  5. aureus has fa l l en, wh i l st 5trep. uberis is now 

reported as the most com mon cause of  bovine mastitis in New Zea land .  Reports from 

i ntervention surveys i n  the Waikato report the fol lowing proportions of mastitis

caus ing organ isms from cows with C M :  27 to 75% of 5trep. uberis, 9 to 10% CNS, 2 to 

5% col i forms, 1 .5 to 4% 5trep. dysga/actiae and 3 to 5% 5. aureus (McDouga l l  1998, 

2003} .  

Mastitis-caus ing organisms are categorised as contagious or environmental, based on 

the source of  i nfection, mode of tran smission and the tendency to cause persistent or  

transient IMI  (Bradley and Green 2001; Makovec and Ruegg 2003) .  The p rimary 

reservoir  of contagious MCOs is the bovine mammary gland and  they a re com mo n ly 

transmitted a mong cows d u ring m i lking. 5. aureus and 5trep. agalactiae have 

h istorica l ly been most im portant. Late ly, part icu larly in the USA, Mycoplasma spp .  a re 

i ncreasingly reported to cause major mastitis problems in affected herds (Makovec and  

Ruegg 2003 } .  Environmental MCOs h ave a pr imary reservoir i n  the  cow's environ ment. 

The d ifference between contagious a nd environmental MCO is less clear than or igi na l ly 

thought (F igu re 1. 2), s i nce envi ron mental organisms have been shown in  som e  cases 

to pers ist in the mammary gl and  throughout the dry period and beyond, and  

transmission from cow to cow has been p roven i n  the  case of  5trep. uberis and  5trep. 

dysgalactiae (G rommers et a l  1985; Zadoks et a l  2003) .  The most i m po rtant 

envi ronmenta l MCOs are streptococci (other than 5trep. agalactiae), CNS and G ram-

negative bacteria. 

E coli 

m 
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Figure 1.2. Sliding scale from contagious to environmental epidemiology of mastitis-causing 

organisms. 

Streptococcus agalactiae almost entirely transmitted cow-to-cow; Staphylococcus aureus largely 

contagious, partly environmental; Strep. dysgalactiae classified as environmental by some, as 

conta gious by others; Strep. uberis largely environmental, partly contagious; Escherichia coli (almost) 
entirely environmental. 

Re-drawn from Zadoks and Schukken 2003. 
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Streptoccus uberis is a widely occurring MCO wh ich is commonly isolated from I M is in 

many cou ntries, includ ing  N ew Zea land, Austra l ia, the Un ited Kingdom, the 

N etherlands, the Un ited States, and Canada (Douglas et a l  2000; Phuektes et a l  2001; 

Zadoks et a l  2003; McDougal l  et a l  2004) .  lt accounts for a sign ificant proportion of 

subc l in ica l  a n d  c l in ical  intramammary infections i n  l actating and non lactati n g  cows 

(Douglas et a l  2000; P h uektes et al 2001). Strep. uberis is probably the most sign ificant 

cau se of bovin e  mastitis in New Zea land and Austra l ia, where the da iry i ndustry is 

p redominantly p a sture-based ( Pankey et al 1996; Douglas et al 2000; Phuektes et al 

2001; McDouga l l  2002b) .  

3. Identification of the prevention and treatment measures undertaken and estimates 

of their efficacy. G eneral ly, there is no difficu lty in fi nd ing  the expenditure o n  mastitis 

control  but the i nf luence on the i ncidence of mastitis, its duration and the resu lting 

impact on produ ction i s  more d ifficu lt. 

4. Valuation of the production losses, treatments and expenditures on prevention and 

control incurred. Estimates of m i l k  yield loss a re sti l l  the subject of debate; however, 

they are l i kely to  be i nflu enced by the age, breed and  type of cow, morphologica l 

characterist ics of  the udder, stage of lactation, pregn a ncy status, mi lk  yield before 

mastitis occu rred,  m i l k  p rice, premiums  and pena lt ies, MCO, inflammation grade, 

d u ration and d i stribution, t imel iness of d iagnosis ( i n  relation to the onset of the 

occurrence), treatment a n d  prevention costs, feed ing practices, season, recu rrence of 

m astitis d u ring the sam e  or a previous lactation, com parison model  (what is  the 

control  group)  a n d  the ana lytica l model .  Mi lk prod uct ion  losses are typica l ly estim ated 

to accou nt for 7 0  to 80% of al l m astitis losses in a h erd (Ki rk 1984; G i l l  et al 1990; 

Schepers and D ijkh u izen 1991; DeGraves and  Fetrow 1993; Morin 1993; Lehenbauer 

and  Oltjen 1998; Fetrow 2000). 

5. Other cost factors- e.g. farm management, culling, replacement and fatalities. 

Extrapolating obse rvations from other countries can be d ifficult due to the d ifferences 

in the da i rying system in New Zealand where dairy farms are pasture-based with 

seasonal p roduct ion, lower m i l k  yie lds and shorter lactation  periods. 
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This thesis reviews the factors influencing the cost of bovine mastitis, p rovides 

i n formation on some of the p rerequ isites for estimation of the cost of bovine  m a stitis 

to the New Zealand da i ry industry a'nd reports the effects of experimenta l ly  i nd u ced 

and p romptly treated Strep. uberis CM early i n  the dry period (EDPCM) o n  m i l k  

p roduction i n  the  subsequent lactation. 

In the review of the factors i nfl uencing the cost of  bovine mastitis, a reas of d efic ient 

knowledge were i dentified and two stud ies were conducted that contribute 

i n formation to the deficient a reas of knowledge. 

The fi rst study estimated th e i ncidence of bovine  c l i n ical mastitis in the N o rth land 

region of  N ew Zea land and describes the aetiology and d istribution i n  lactat ion of  

MCOs. The rationa le  for th is  study is that  knowin g  the i ncidence of  CM is one  of  the 

ma in  pre-req u isites for est imation of the economic losses associated with bovine 

mastitis. lt was undertaken from the hypothesis that the particu lar  c i rcumstances of 

the da iry i ndustry i n  North land would give r ise to d ifferent patterns of  mastit is to 

those observed elsewhere in New Zea land (a view that was supported by a n ecdotal 

repo rts from veterin ar ians and laboratory workers of the North land region ) .  

The second study eva luated the  effects of experimental ly- induced a n d  p ro mptly

treated Strep. uberis CM in  the early dry period on m i l k  production i n  the subsequent 

lactation, by re-eva l uation of data from Fernandez (2007). The rationa le  for th i s  i s  the 

genera l  deart h  of knowledge about the effects of CM during the dry period .  lt i s  well 

known that the dry period i s  an important part of the lactationa l  cycle d u ri ng  which 

the mammary g land p repares for next lactation .  Therefore, a n  episode of  CM d u ri ng 

this period may impede the process of m a m mary tissue remodel l i ng, thereby adversely 

affecting m i l k  yield in the subsequent lactat ion .  Streptoccus uberis was e lected for this 

study as it i s  regarded as the most common cau se of mastitis i n  New Zea l and  (Douglas 

et a l  2000; M cDougal l  2002b; McDouga l l  2002a) .  
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Cost of tlte drugs 
(Refs t.l.lll. 11.14--16. 2l. �lt38..U. 4l.4\l,S2,.53) 

This part of the mastitis cost is easily 
calculated from the invoices of purchases 
of drugs on the {aT m. A similar calculation 
may be done for the expenditure on the 
treatment of individual cases. 

Discarded milk 
{Rill!: 1. a. 11. 14-16.23-25.:31, 3tl, 38. �. -42.43, 52. S3. 
&6. 67. 14, 78} 

The assessment of th� cost of discarded 
milk should include the milk withdrawn 
during and after the treatment, which 
depends on the withholding periods of 
the drugs used and current regulations. 
The cost of discarded milk is usually 
estimated easily. In cases where mastitic 
milk is used for calf-rearing, estimation of 
the cost of mastitis should be carefully 
assessed. The system for accounting for 



2. A review of t he fa ctors affecting the costs of bovine m astitis 

2.1 Abstra ct 

Mastitis is one  of  the most prevalent production diseases affecting the da i ry cattle 

industry world-wide. Its occu rrence is associated with d i rect and  ind i rect losses and 

expenditures. When estimating the cost of mastitis to the dairy i ndustry the cost of the 

control program mes must be added . The d i rect losses of mastitis a re the on ly  costs 

obvious to the fa rmer.  The d ifference between  the costs of mastitis on one s ide and 

the benefits of mastitis contro l  on the other s ide wi l l  give us a p icture of the economic 

efficacy of the mastitis control programme.  Continu ing education of the fa rmer is 

needed for better m astitis control program m es. This a rticle is an attem pt to review 

briefly a l l  relevant factors i nc luded i n  the econ omics of bovine  mastitis and to show 

the authors' view of some of the costs. 

Estimating the costs associated with mastitis is n otoriously d ifficu lt. The economics of 

mastitis needs to be addressed at the fa rm or herd level and depends on local, 

regiona l, ep idemio logicat manageria l  and economic conditions. Some of the costs and 

expenditu res are easy to calcu late and they shou ld  be inc luded i n  research p rojects 

dea l i ng with the model l ing of the economics of  the d isease. However, som e  of the 

costs are n ot countable, such as cases of h u m a n  diseases, fa rmers' stress etc. To be 

able to consider the real cost of mastitis to the da i ry industry, the p reva lence and 

incid ence of mastitis on a national level shou ld  first be establ ished . Then estim ations 

of al l  re levant countable costs and expenditures  should be m ade, and the last step wi l l  

be to incl ude  a l l  of them in  one l a rge mode l  for m astitis cost estimation .  

2.2 Introd uction 

Mastitis i s  defined as  a n  inflammation of the mammary gl and .  l t  is  a com p l ex d isease 

i nvolv ing many factors, which is ma in ly caused by bacteria and there is no s im ple 

mode l  that encompasses al l  possible facets (Schepers and Dijkhuizen 1991; Fetrow 

2000) .  Despite intensive research and the i m p lementation of various mastitis control 

strategies over the decades, bovine m astitis has not d isappeared and the red u ction in 

the p reva lence of  sub-cl in ical  m astitis has been min imal ( Pyora la  2002). On the other 
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h and,  there has  been a considerable decrease i n  the i ncidence of c l in ica l  cases of 

mastitis worldwide as a resu lt of these control measures. 

Bovine  mastitis is considered one of the most economically important d iseases for the 

da i ry indust ry i n  developed cou ntries (B iosser 1979; Fetrow 1987; G i l l  et al 1990; 

Sche pers and Dijkhuizen 1991; Mc lnerney et a l  1992; DeGraves and Fetrow 1993; 

A l lore and  E rb 1998; Hortet and Seegers 1998a; Fetrow 2000; Pyorala 2002; Seegers et 

al 2003}. Mori n  et a l  { 1993}, m onitor ing 4 I l l ino is  herds for 12 months, reported 

mastit is-associated economic losses ranging from US$161. 79 to $344.16 per lactating 

cow/year. The m agn itude  of the economic losses to the dairy industry i n  the USA due 

to mast it is was a round  $1 .3  bi l l ion in  1979 (B losser 1979) and around $2 bi l l ion in 1988 

( M i les  et a l 1992)  and  1993 (Cu l lor 1993) (not factored for inflat ion) .  The total  financ ia l  

cost of mastitis to the average Scott ish da i ry herd i n  1996 was estimated to be 

£140/cow/yea r  (Ya lcin 2000) of which a loss of £100/cow/year was d u e  to sub-cl in ical 

mastit is alone in h igh Bu lk  Tank  Somatic Cel l  Count (BTSCC) herds (Ya lcin et a l  1999). 

Accord ing to Ott ( 1999) the total p roduction loss due to mastitis in the USA is  $108.00 

per cow for herds  with average BTSCC of 200,000-399,999 cel ls/m ! and $295.24 per 

cow for herds with average BTSCC 400,000 and above or losses of app roximately $1 

bi l l i on  to the USA da iry i n dustry, based on ly on BTSCC, as measu re of sub-cl in ical  

mastit is (Ott 1999} .  

There i s  com m o n  confusion between the terms ' loss' and 'cost', so it is i mportant to 

cla rify the term i nology. In th is  article the fol lowing terms will be used as defined:  

a )  Loss i m p l ies a benefit that i s  taken away (e.g. the p roduction loss 

experienced because contaminated mi lk  must be d iscarded ); a lternatively, it 

represents a potent ia l  benefit that is not rea l ised (such as  an evident decrease in the 

mi lk  yie ld ) (Mcl n e rn ey et a l  1992; Seegers et al 2003} .  

b) Expenditure represent some economic effects of disease that a re 

man ifested as extra inputs into l ivestock production (such as treatment and  prevention 

of mastit is) (Mc lnerney et a l 1992; Bennett et a l 1999; Seegers et a l  2003) .  
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c) Economic cost is the mon etary value of al l  the economic effects, both losses 

and  expenditures, conseq uent u pon the occurrence of d isease {Mclnerney et al 1992; 

Ben nett et a l 1999; Seegers et a l  2003 ).  

Th i s  a rtic le briefly reviews a l l  the relevant factors i n fluenci ng the economic cost of 

bovine mastit is. 

2.3 The cost of mastitis to the dairy i n d u stry 

There h ave been many articles publ ished worldwide  on the economics of mastitis . 

When considering the cost of a ny d isease, it must be kept i n  m ind  that every d isease 

has d i rect and ind i rect costs. Bennett et al (1999) estim ate that the tota l  costs of each 

d isease can be much h igher than the d i rect expend iture. Most of the avai lable 

est imates take into account on ly a part of the real cost of mastitis, as estimating the 

true costs associated with mastitis is n otoriously d ifficu lt. lt is even more difficu lt to 

quantify the losses associated with sub-cl in ical mastitis, beca use they are n ot visible to 

fa rm owners. To avoid und erest imating the consequences of mastitis in  eva luations of 

economic-loss it is important to account for a ll of the cost factors i nvolved.  

Th e estimation of the economic costs associated with mastitis depends on hav ing the 

fo l lowing data: 

1. An est imate of the i ncidence and p revalence of mastitis in the popu lation i s  a p re

req u is ite for the estimation of its real cost to the da i ry industry. There is cu rrently a 

genera l  demand of regu l a r  mon itor ing, record ing  and research to establ ish the 

inc idence and prevalence of  mastit is. 

2. The severity of the phys ical  effects of  mastitis on m i l k  production, which wi l l  d epend 

on m any factors, such as viru lence of the mastitis-caus ing organ isms, stage of  

lactation, age of  the cow and  udder defence mechan isms. 

3. I dentification of the p revention and treatment measures undertaken. lt is genera l ly 

easy to ca lcu late the expend itu re on mastitis contro l .  

4 .  Va l u ation of the production losses, t reatments and expenditu res on prevention a n d  

control i ncurred . Product ion losses caused by mastitis a re l ikely t o  b e  infl uenced by t h e  

age, b reed a n d  type of t h e  cow, stage of  lactation, m i l k  yield before mastitis occurred,  
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m i l k  price, p remiums and pena lties, mastitis-causing orga nism, inflammation grade 

and d istribution, d iagnosis, treatment cost, prevention cost and ana lytica l model .  

5. Other costs' factors- e.g.  fa rm management, cu l l i ng, replacement and fatal ities. 

M a ny tech n iques and methods have been used to est imate p roduction losses from 

mastitis in da i ry cattle.  M ethods commonly used a re:  producer surveys, regression 

ana lyses relat ing m i l k  somatic cell counts, between-herd comparisons, between-cow 

yie ld com parisons, with in-udder yield com parisons, with in-cow yield comparison and 

stu dies between identical twins .  De G raves and Fetrow (1993} state that none of  the 

techn iques used a re perfect, d u e  to l ack of  d irect measure of  how much mi lk  a cow 

wou ld have p roduced if  there was no occurrence of mastitis d u ring  lactation, and they 

all h ave a degree of i nherent b ias, wh ich, in most cases, tends to underest imate the 

actua l  mi lk  yield decrease that has occu rred. 

The economics of mastitis n eeds to be addressed at the fa rm or herd l evet and 

depends on local ,  regiona l, ep idemiologicat managerial and economic cond it ions. At 

the herd levet as  stated by Seegers et a l  (2003L some com pensation o r  buffer 

mechanisms can act and  th is  should be taken i nto consideration i n  the estim ates. An 

exa mp le  is a farmer  who decides to cu l l  cows with h igh somatic cel l  count (SCC), based 

on the BTSCC a n d  the m i l k  p ric ing system, rather than on the absolute va lues of the 

i nd iv idua l  SCC resu lts of the cows. Another example i s  a farmer who decides to cu l l  an 

extra cow to d ecrease the BTSCC and  give up sel l ing a heifer (Seegers et a l  2003 ) .  

2.4 Losses ca u sed by mastitis 

2.4.1 Direct losses of mastitis 

Direct costs of mastitis to the da i ry i ndustry inc lude the costs of treatment 

(veteri narian 's t ime  and  d rugsL d isca rded m i l k  (dur ing both the course of treatment 

a n d  with-hold i n g  periods) herdsman's  t ime, fata l it ies and  the costs associated with 

repeated cases of mastitis. I n  many cases d i rect losses a re the on ly cost of mastitis 

real ised by the fa rmers. 
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2.4. 1 . 1  Treatment cost 

(Biosser 1979; Bishop et a l  1984; Kirk 1984; Fetrow 1987; Lightner 1988; Ho ldaway 

1990; Fetrow et al 1991; Beck et a l  1992; M i les et al 1992; DeGraves and Fetrow 1993; 

M i l l er et a l  1993; Lescourret and Coulon 1994; Kossaibati and Ess lemont 1997; 

Lehenbauer and Oltjen 1998b; Fetrow 2000; Pyora la  2002; Seegers et a l  2003; B erry et 

a l  2004; Sh im et a l  2004; Swinkels et a l  2005 ) 

The cost of treatment of cl i n ica l cases is an im portant element i n  the expend iture on 

mastitis. Very commonly, the size of  the veter inarians' bi l ls tends to be seen as 'the 

cost of d isease' in the fa rmers' eyes. I n  fact, in genera l, the treatment of a d isease, 

such as m astitis, is on ly a smal l  proportion of the disease cost (Kossa ibat i  and 

Ess lemont 1997). 

When est imat ing the treatment cost, the efficacy and cost effectiveness shou ld  be 

taken i nto accou nt. For example Shim et a l  (2004) comparing two treatment p rotocols 

found  that the addition of anti microbia ls  to supportive treatment is more effi cacious 

and cost effective than su pportive treatment a lone, projected that cows witho ut 

mastitis wi l l  p roduce 8.265 kg of m i l k  (305-days i n  lactation) .  Cows treated with 

supportive treatment on ly produced at 7838 (3.064-11 .111)  kg of m i lk, wh i l e  cows 

with added a ntim icrobia l  to the treatment p rod uced 7975 (5.002-11 .163) kg, when 

d iscarded mi lk  was i nc luded (Shim et a l  2004). Assu ming that none of the 

unmarketable m i lk was fed to ca lves the cost of mastitis was 3 t imes h igher i n  the 

gro u p  treated on ly with supportive treatment (Sh i m  et a l 2004). 

There a re two elements of the treatment cost: veterinar ians' fees and  the cost of 

d rugs. In add it ion to the fi nancia l  considerations, the treatment of cows with c l in ica l  

mastitis is d isruptive to the normal m i lk ing routine (Holdaway 1990; Fetrow 2000) .  

2.4. 1 . 1 . 1  Veterinary time and consultation fees 

(B iosser 1979; Bishop et al 1984; Kirk 1984; Craven 1987; Fetrow 1987; Morse et a l  

1987; Lightner 1988; Holdaway 1990; Beck et  al 1992; H i l lerton et  a l 1992; Cu l lo r  1993; 

DeG raves and Fetrow 1993; M i l ler  et a l 1993; Morin 1993; Al lore and E rb 1998; Fetrow 

2000; Sh im et al 2004) 

1 9  



The veterinary t ime and consu ltation fees can vary considerably in a mastitis control 

programme.  These services a re charged on an hourly basis, per-cow-per-year  basis, or 

other methods. They can be a pp l ied to the ind ividua l  cow, group of cows or the whole 

herd. 

Veterinary t ime for the treatment of ind ividua l  cows with cl i n ica l  mastitis usua l ly 

involves a m i n i m a l  amount of herd-level consultancy and the cost per cow can be 

calcu lated from the i nvoices. The cost at the fa rm l evel may depend o n  the n u mber of 

visits by the veterinarian .  For example  in the Nordic countries a l l  m astitis cases are 

attended by a veteri narian .  I n  most other  countries, such as South Africa, USA, 

Austra l ia and  N ew Zea land,  the veteri na rians attend o n ly some cases of m astitis. I n  

such situations, the ca lcu lation o f  costs on a per cow basis, from data col lected a t  the 

fa rm level, needs some model l ing. 

G ro u p  level service inc ludes treatment and  prevention of mastitis in a speci fic group, 

such as age-categories, h eifers or  newly p u rchased cows. I n  this case, part of the 

veter inary tim e  i s  c l in ica l  work, and u sua l ly there wi l l  be some consu ltancy time as 

wel l .  Ca lcu latio n  of the estim ated cost per cow in such a case is d ifficu lt, as it is 

u n known how m uch consu ltancy time has been spent per individua l  an imal .  The usual  

a pproach is to d iv ide the amount on the invoice by the nu mber of an ima ls attended. 

M ost of the ti m e  when dea l ing with herd p roblems is spent on consultancy work, for 

examp le  dea l i ng  with h igh BTSCC herds or mycoplasma m astitis affected herds. I n  this 

case on ly a s m a l l  a mount of t ime is uti l ised as real veterinar ian c l in ical work. The 

calculation of t h e  estimated cost of th is e lement is  from the invoices . The fees a re 

usua l ly charged at the farm level, and if indiv idual  cow-cost is required, then some 

model l i ng  can be ut i l ised, or the amount on the i nvoices is simp ly d ivided by the 

n u mbers of cows in the herd. 

2.4.1 . 1 .2 Cost of the drugs 

(Anderson and B lackshaw 1977; Blosser 1979; Kirk 1984; Craven 1987; Fetrow 1987; 

Morse et a l  1987; Lightner  1988; Holdaway 1990; H i l lerton et al 1992; Cul lor  1993; 

DeGraves and Fetrow 1993; M i l ler  et al 1993; Morin 1993; Lescourret and  Coulon 

1994; Al lore and Erb 1998; Berry et a l  2004} 
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Th is part of the m ast itis cost is easi ly ca lcu lated from the i nvoices of p u rchases of 

drugs on the fa rm.  A sim i l a r  calculation may be done for the expend iture on the 

treatment of ind ividua l  cases. 

2.4. 1.2 Discarded m i l k  

(B iosser 1979; Bishop et  al  1984; Kirk 1984; Craven 1987; Fetrow 1987; Morse et  a l  

1987; Lightner 1988; Holdaway 1990; Fetrow et  a l  1991; Beck et a l  1992; Cu l lo r  1993; 

DeG raves and Fetrow 1993; Morin 1993; Lescou rret and Cou lon 1994; Kossa ibati and 

Esslemont 1997; Al lore and Erb 1998; Fetrow 2000; Seegers et a l  2003; Win ke lman 

2003; Sh im et a l  2004; Swin kels et  a l  2005} 

The assessment of the cost of d iscarded mi lk shou ld  include the mi lk withdrawn d u ring 

and after the treatment, which depends on the with hold ing periods of the d ru gs used 

and current regu lations. The cost of d iscarded m i l k  i s  usual ly estimated easily. I n  cases 

where mastitic m i l k  is used for ca lf-rear ing, estimation of the cost of mastitis shou ld  be 

carefu l ly assessed . The system for account ing for the economic costs associated with 

'discarded m i l k' shou ld  be transparent. No m atter where it ends u p  the m i l k  is not 

sold, so it is a loss of i ncome. A possible solut ion is to budget for the economic costs of 

mastitis to be debited with the fu l l  costs of the m i l k  not sold and the calf rearing 

budget to be cred ited with the va lue  of the mi lk as a rep lacement for a lternative 

sources of  feed. I f  the esti mates of m i l k  losses are calcu lated on basis of  BTSCC, then 

discarded mi l k  i n  many cases is not taken i nto account, lead ing to underest imates of 

real mastitis costs (Lightner 1988}. In many d a iry countries it is common p ractice for 

the fa rm owners of h erds with average h igh BTSCC to with hold or d iscard t h e  mi lk  

from the  cows with h ighest sec a iming to control the i r  bulk mi lk  i n  acceptable l evels. 

2.4.1.3 labour cost 

There a p pear to be two main approaches in the l iterature for d ea l i ng  with the 

expend iture on l abour  for mastitis treatment. The fi rst one is to cons ider the l abour 

t ime as a d i rect cost of  the d isease and  inc lude it i n  the ca lcu lations as  such ( B iosser 

1979; Bishop et a l  1984; Kirk 1984; Morse et al  1987; Lightner 1988; Mcl nerney et al  

1992; Cu l lor  1993; DeGraves and Fetrow 1993; Mil ler et a l  1993; M orin 1993; 

Lescour ret and Cou lon  1994; Allore and Erb 1998; Seegers et a l  2003; Winke lman 
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2003) .  The second  approach is to calcu late the labour cost if a farm specifica l ly 

e m p loys add it iona l  labour  to manage treatment, segregation, or other aspects of 

mastitis control ( Fetrow 1987; Fetrow et al 1991; Fetrow 2000). The more usua l  case is 

that m astitis control  and treatment are hand led by existing farm labour  (Morin  1993) 

( i . e .  no labour  reduction wou ld  occur if m astitis cases were redu ced) .  In authors 

op in ion,  the workers' t ime should be inc luded in  the calculations of mastitis cost. The 

estim ation of the time spend per case is variable and will depend on many factors, 

such as type of mastitis, m i l k  yield, fa rm s ize, h i red labour, farm owner etc. For 

exa m p le, a peracute case of mastitis, a ssociated with general i l l ness, requ i res more 

t ime for treat ing, n ursing a n d  frequent stripp ing than m i ld subacute mastitis with on ly 

changes in  the m i lk .  

2.4.1.4 Fatal ity 

(Ki rk  1984; Fetrow 1987; Beck et a l  1992; Cu l ler 1993; M il ler  et al 1993; Morin 1993; 

Kossa ibati and Esslemont 1997; Hortet and  Seegers 1998a; Pyora la  2002; Seegers et al 

2003) 

Severe cases of m a stitis can lead to the d eath or euthanasia of the affected cow. The 

cost of a fatal ity is greater than s imply the va lue  of the cow i n  th e market, as it 

inc ludes the lost margin from the incom plete portion of its l actatio n .  According to 

Kossaibati and Ess lemont { 1997) it a lso i ncludes the cost of a replacement heifer. The 

mortal ity rate for c l in ica l  m astitis is usual ly low. Wilesmith et al ( 1986) reported 

between 0.3 a n d  0 .6% of mastitis cases to be fata l .  Worldwide, h igher mortal ity rates 

caused by m astitis are seen in specific situations with a high p revalence of Gram

negative infectio n s, particu larly col i form mastitis. Men zies et a l  (2003) recorded a 

fatal ity rate of 14% and a further 21% early cu l l ing because of the cond ition in a study 

involving 264 cases of acute and peracute toxic mastitis in  Northern I re land.  In 

contrast, Brad ley a n d  G reen {2001) reported a mortal ity rate of 0 .6%, in general, and 

2.2% d u e  to G ra m-negative organisms in 6 Somerset da iry herds. 

2.4. 1.5 Repeated cases of mastitis 

Som e  da i ry cows suffer repeatedly from m astitis during a single lactat ion.  Kossa ibati 

and Ess lemont ( 1997) found  that a typical ly affected cow suffers on average 1 .6  cases 
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per lactat ion .  The extra costs of that 0 .6  repeat case shou ld  be taken into a ccount 

when  assessing losses caused by mastiti s .  For these repeated cases on ly the re levant 

d i rect costs should be inc luded ( i .e .  cost of drugs, herdsman's and/or veteri n a rian ' s  

t ime and  d iscarded mi l k ) .  For the  ind i rect costs, i t  is important to  calculate on ly  

add itiona l  losses associated with fu rther decrease i n  m i l k  yield and  increased risk of  

cu l l ing .  The rest of  the ind i rect costs usua l ly have been a l ready taken into accou nt .  

2.4.2 Indirect losses of mastitis 

I n d i rect losses due to mastitis, part icu larly the subc l in ical form, a re not wel l-recogn ised 

by many  farmers. lt is genera l ly accepted that subcl i n ical mastitis accounts for the 

m ajor ity of economic costs of mastitis. Education o n  this matter is necessary beca use 

u n-recogn ised ind i rect losses can be a reason for d ifficult imp lementation of m astitis 

control m easures, as farmers usua l ly hold an op in ion that their own losses, d u e  to 

mastitis, are m uch lower than the estimates provided for the industry by the experts 

(Brown et a l  1988) .  I nd i rect losses inc lude the decreased m i l k  production d u e  to 

c l in ica l  or  sub-cl in ical m astit is, decreased milk qua l ity, increased cu l l i ng, l oss of 

premiums, pena lties, pre-term drying-off, an i mal  welfa re aspects and other associated 

hea lth p roblems. 

2.4. 2.1  Decrease i n  m i l k  yiel d  

(Smith et a l  1968; Blosser 1979; Bishop et a l  1984; Kirk 1984; Craven 1987; Fetrow 

1987; Lightner 1988; Bartlett et al 1990; Ho ldaway 1990; Fetrow et al 1991; Beck et a l  

1992; H i l lerton e t  a l  1992; Mc lnerney e t  a l  1992; Mi les e t  a l  1992; Cu l lor  1993; 

DeGraves and Fetrow 1993; M i l ler  et a l  1993; Morin  1993; Kossa ibati and Ess lemont 

1997; Al lore and Erb 1998; Hortet and Seegers 1998a; Lehenbauer and Oltjen 1998b; 

Fetrow 2000; Pyora la  2002; Seegers et a l  2003; M u ngube et a l  2005; Swinke l s  et a l  

2005 ) 

The m a in factor i n  causing economic losses due to both c l in ical and sub-cl i n ical m a stitis 

is a m o re or less persistent decrease in m i l k  yie ld .  Usua l ly there wil l be a short-term 

depression in  yield of variable severity and, i n  case of no m icrobia l  cu re and recovery, a 

longer  lasting effect, som etimes carrying over into the next lactation/s. M i l k  

produ ction losses are typ ica l ly estimated t o  acco u nt for 7 0  t o  80% of a l l  m astit is  losses 
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i n  a typical herd (Ki rk 1984; G i l l  et al 1990; Schepers and Dijkhu izen 1991; DeGraves 

a n d  Fetrow 1993; Morin 1993; Lehenbauer and Oltjen 1998b; Fetrow 2000). 

Losses in m i l k  yield (not includ ing d iscarded mi lk) need to be assessed with in several 

t ime-frames. There a re the short-term effects on the current lactation and long-term 

effects, incl ud ing  carry-over effects into the next lactation or  beyond, that a re usua l ly 

esti mated us ing several types of comparison or model l ing approaches (Hortet and 

Seegers 1998a; Seegers et  a l  2003} .  

Est imates of  mi lk  y ie ld  loss a re sti l l  under  debate and  l i kely to be influenced by the age, 

breed and type of cow, morphologica l characteristics of the udder, stage of lactation, 

p regnancy status, m i l k  yield before mastitis occurred, mastitis-causing o rgan ism, 

i n fl a mmation grade, d u ration and  d istribution, d iagnosis (early or late after the 

occu rrenceL treatment, feed ing p ractices, season, recurrence of mastitis d u ring the 

same or  p revious  lactation,  comparison model (what is the control group) and the 

a n a lytical mode l .  

lt is  general ly a ccepted that m astitis occurring ear l ier i n  the lactation wi l l  l ead to 

greater m i l k  y ie ld  losses. Lescourret and Cou lon (1994) reported that mi lk  production 

cu rves of about o ne third of the cows infected early in lactation were l ittle a ffected 

a n d  yield recovered in less than 5 weeks. The production cu rves of the rest of the 

i n fected cows were marked ly a ffected or the cows were cu l led.  In contrast, more than 

h a lf of  the cows infected from mid- to late-lactatio n  were not affected by marked 

mod ifications in their  m i l k  p rodu ction curves and recovered in  less than 5 weeks 

(Lescou rret a n d  Coulon 1994). lt has been reported that the m i l k  yields of o lder cows 

were obviously a ffected if mastitis occurred early in lactation, whi le younger cows' 

yie lds  a re sensitive with carry-over effects seen if mastitis occurred after the peak of 

lactation (Raja l a -Sch u ltz et al 1999; Fetrow 2000}. Raja la-Schultz et al ( 1999) ana lysed 

records of over 24,000 F inn ish Ayrshire cows, and reported that mi lk  p roduction 

dec l ined 4 weeks before the onset of c l in ical  mastitis a n d  dropped fu rther below the 

cu rve of "healthy" cows d u ring the fi rst week afterwards. M i l k  yield never reached the 

pre-mastitis l evel s  if mastitis occurred in  ea rly lactation (before peak) (Raja la-Schu ltz et 

al 1999} .  A decreased mi l k  production before the occurrence of c l in ical mastitis was 

p resumably due  to the effects of sub-cl in ica l  i nfect ion.  
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A h igher level of m i l k  yield prior to mastitis could be expected to be associated with 

h igher losses in m i l k  (both in absolute va l ue and in percentage) (Lescou rret and Cou lon 

1994; Hortet and Seegers 1998a) .  

Th e pathogenesis of mastitis, in  many cases, inc ludes damage to secretory tissu e  and 

its rep lacement with fibrous tissue leading to a permanent decrease in mi lk  yie l d  from 

the affected quarter (Ben ites et a l  2002) .  I n  addition, it is probable that part of the 

decrease of the mi lk prod uction is due to an increased demand for energy by the 

i m m u n e  system, a decreased appetite associated with the infl amm atory p rocess and 

lowered feed intake due to pain and decreased mobi l ity. 

Som e  mast itis-causing organisms were shown to have a more profound impact o n  mi lk  

yie lds  than others (DeGraves and Fetrow 1993; Wi lson et a l  1997; Fetrow 2000} .  

Mastitis caused by Staphylococcus aureus genera l ly evolve into persistent but 

moderate infections, unl ike mastitis caused by col iforms. Thus, the  mastitis-causing 

o rgan ism may contribute to the residua l  variation of responses, as wel l as to the level 

of  intensity. General ly it is estimated th at the greater the inflammation the l ess m i l k  is 

p rod uced.  

There a re three broad groups of comparison models :  ( 1 ) between herd comparison, (2) 

between-cow o r  within- herd com parison, and (3) between-q uarter o r  with i n -udder 

com p arison. A comparison of the relative y ie lds of herds with varyin g  levels of m a stitis 

may be u sed to estimate the decrease in m i l k  prod uction. H owever, in th is type of 

stud y, factors other than m astitis may sign ificantly contribute to any  d ifference in  m i l k  

yie ld  that may be observed. The herds included in the  study m ust be closely m atched 

for factors such as location, breed, age, and p lane of nutrit ion.  The between-cow 

com parison model  is a lso affected by some non-mastitis compound ing factors such as 

age and breed and the cows m ust be closely matched for such factors. With in -udder 

y ie ld com parisons  compare a mastit is- infected quarter with a n  opposing mastitis-free 

q ua rter. General ly it is accepted that the contra- lateral quarters of the udder, when 

both a re un- infected, give approxim ately the same volume of  m i l k. H owever, whi le 

with i n-udder comparison avoids sou rces of variation which may confound  other 

est imates of decreased milk prod uction, it is possible that with i n  the infected cow, un

infected quarters partia l ly compensate by producing more mi lk or both produce less as 
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the cow is  sick. There is evidence that mastitis-free quarters may comp ensate for 

q u a rters with mastitis by increasing m i l k  p roduction (Holdaway 1990; Holdaway 1993; 

McDouga l l  2002) .  I f  compensation does in fact occur, then this would cause over

est imation of the  a ctua l  mi lk  loss as a resu lt of mastitis {DeGraves and Fetrow 1993; 

Holdaway 1993) .  Hortet and Seegers { 1998}, usi ng a regression-model l ing app roach to 

ana lyse data from 20 papers publ ished worldwide, predicted the average m i lk-yie ld 

loss over the  lactation was 300-400 kg ( i .e .  4-6%) per treated case of c l in ical m astitis in  

a H olstein F ries ian  cow p roducing a pproximately 7,000 kg/lactation .  I n  pr im iparous 

cows, the average loss was lower {200-300 kg) a n d  m i ld patterns of m astitis were more 

freq uent than i n  m u lt iparous ones. Cases occurri ng before the peak of lactation were 

associated with h igher average losses {450-550 kg) than cases occurring later. S imi larly 

Seegers et al { 2003) estimated loss of about 375 kg {5%) per average cl i n i cal  case, 

occurri ng in the second m onth of lactation in a Ho lste in cow. 

The estimates n eed to be used with caution, especia l ly for breeds other  than  H o lstein 

F ries ian or if u n usua l  m astitis-causing organisms a re invo lved in c l in ica l-mastitis cases 

( Ho rtet and Seegers 1998a) .  

2.4.2.1 . 1  Short term effects 

(Beck et a l  1992; Houben et a l  1993; Hortet and  Seegers 1998a; Raja la-Sch u ltz et a l  

1999; Fetrow 2000) 

For the estimat ion of  short term effects, it i s  n ecessary to bear in mind that an 

i n fection can sta rt and  the mi lk  yield can be redu ced before the mastiti s  is detected. 

This may lead to  underest imation of the real loss from mastitis ( Raja la-Schu ltz et a l  

1999) .  

Horter and Seegers {1998a) us ing regression models est imated that short-term losses 

from c l i n ical cases of mastitis varied from 0 to about 3 kg/cow/day, but suggested that 

the est imates a re lower than expected. They s uggested that regression m odels 

underest imate short-term losses, because of the d ifficu lty in accounting for variable 

losses occurring before a c l i n ical  d iagnosis. 

Short-term red u ction i n  m i l k  yie ld is h igher for c l in ica l  mastiti s  in  early lactation 

compared to m a stitis i n  mid to late lactat ion.  Losses from 0 to 200 kg/cow/m onth 
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were estimated by Hortet and Seegers { 1998a) i n  cases of c l in ica l  mastitis occu rri ng 

before the expected peak of  the l actation or 0 to 100 kg/cow/month with occu rrences 

in mid-to late- lactation .  Houben et al  {1993L us ing records for over 5,300 lactations of 

nea rly 2,500 black and white cows in Denmark, with a pproximate ca lcu lated 

production of 7,500 kg, reported the est imated effect of c l in ical  m astitis on p rod uction 

of 527 kg of m i l k  for �3 cases of c l in ical qua rters i n  the second lactation {Houben et a l  

1993) .  Raja la-Sch u ltz and G rohn recorded, i n  cows of  second p arity, mean mi lk  losses 

of 294, 348 and 110 kg mi lk  if mastitis occu rred before peak, between peak a n d  120 

days and later in  l actation, respectively (Raja la-Schultz and Grohn  1999). The l osses in 

older cows were sign ificantly h igher. For examp le, in cows over three lactations, mean 

recorded loss was 555, 329 and 357 kg, respectively {Raja la-Schu ltz and G rohn 1999) .  

2.4.2. 1.2 Long term effects 

This i s  a n  a rea that needs more attention from research, although ava i lable est imates 

genera l ly i nd icate there are both long-term decreases in mi lk  product ion after 

episodes of c l in ical mastitis and long-term economic losses associated with chron ic  

mastitis {Smith et a l  1968; Fetrow et a l  1991; Lescourret and  Coulon 1994; Raja la

Sch u ltz et a l 1999; Fetrow 2000). 

Deluycker { 1990) considered that the cows affected by c l in ica l  m astitis in the first 

lactat ion but not in the next do not have a h igher, or compensatory i ncrease i n  m i l k  

yie ld when com pared to  cows free of  m astitis i n  two successive l actations, even if the 

infect ion was e l iminated . Fetrow et a l  { 1991)  found  that the carry-over effect of 

mastitis and h igh SCC from one lactation to the next was genera l ly stat ist ical ly 

significant but sma l l, amounting to less than one ha lf  of the effects of h igh SCC i n  the 

current l actation .  When production measu res were adjusted for herd effect ( ro l l i ng 

herd average), the carry-over effect was less than 20% of the d i rect effect of i ncreased 

sec { Fetrow et a l  1991). However, chron ic  mastitis in 3 or more q u a rters is  associated 

with long-term economic losses in  the fo l lowin g  lactation of more than 350 kg in  the 

2"d a n d  3rd l actation {Hortet and Seegers 1998a) and up to 381kg of mi lk, up to a nd 

includ ing  eight months i nto the second lactat ion {Houben et a l  1993). 

2.4.2.1 .3 Elevated Somatic cell counts - SCC 
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The measurement of the SCC in  bu lk  mi lk  is the most universa l method of eva luating 

the occurrence of mastitis in  the da i ry herd. There are significant correlations between 

the BTSCC of a fa rm and the economic losses associated with decreased mi lk  

p roduction and  q ua l ity. lt is  evident that an  elevated SCC in mi lk/ regard less of cause/ i s  

associated with d ecreased mi lk  y ie ld  and economic losses {Fetrow et a l  1988; Lightner 

1988; Bartlett et a l  1990; Fetrow et a l  1991; DeGraves and Fetrow 1993; Trajkovski 

1997; Fetrow 2000; Bennedsgaard et al 2003; M il ler 2004; Mungube et al 2005). There 

is considerable variation i n  the est imates of the cost of mi lk  loss in  stud ies that have 

related m i l k  yie l d  to SCC. Thus/ lactation losses of 80 kg and 120 kg by pr imiparous and 

m u lt iparous cows respectively for each 2-fold increase in  the geometric mean of sec 

above 501000 was estimated by a regression ana lysis of data from 19 papers {Hortet 

a n d  Seegers 1998b). S imi la rly/ Bennedsgaard et al (2003L ana lysing data from 171500 

lactations i n  48 Dan ish o rganic herds/ reported average losses of 0.21 0.3 and  0.4 kg of 

energy-corrected mi l k/day in  the first/ second and th i rd or  later lactations respectively 

with each 2-fol d  increase in SCC between 1001000 and  115001000 cel ls/m l .  Losinger 

(2005) estim ated loss of US$810 +/- 480 mi l l ion to the USA economy as a whole caused 

by reduced m i l k  p roduction associated with an increase in  BTCSS during 1996. 

2.4.2.3 M i l k  qual ity cha nges 

The economic losses that should be inc luded in the calculations due to mi l k  q ua l ity 

cha n ges are p o o rer mi lk  composition/ zoonotic risk and  hygienic mi lk  q ua l ity changes 

lead ing to p ub l i c  hea lth considerations/ lower end-product yie lds and q ua l ity/ shorter 

shelf- l ife of the fina l  products and a decrease in profitability to both producers and 

p rocessors. 

2.4. 2.3. 1 Compositional changes 

{Smith et al 1968; Bishop et al 1984; Craven 1987; Ho ldaway 1990; Beck et al 1992; 

Mc lnerney et al 1992; DeG raves and  Fetrow 1993; Mori n  1993; Trajkovski 1997; Al lore 

and E rb 1998; H o rtet a nd Seegers 1998a; Pyorala 2002; Seegers et a l  2003; Winke lman 

2003; Swinke ls  et a l 2005) 

Mastitis is  res p o nsible for a n umber of changes in m i l k  composition .  Whi le the effects 

of mastitis on t h e  concentrations of p rotein  and fat in the mi lk a re variable/ changes in  
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the actua l  compositio n  of these components, especia l ly p rotein, are more consistent 

and often quite m arked (Bishop et a l  1984; DeGraves a n d  Fetrow 1993; Seegers et a l  

2003} .  There i s  a red uction i n  the synthesis o f  t h e  m a i n  components o f  m i l k, n a mely 

fat, l actose and p rotein,  which m ay lead to a change in  the relative p roportions  of 

these components in the mi lk .  There a re a lso increased concentrations of blood serum 

com ponents due to the infl ammatory reaction, e.g. p roteins, (serum albu m i n  and 

immunoglobu l ins), ch loride and sod ium (Beck et a l  1992; DeGraves and  Fetrow 1993; 

Hortet and Seegers 1998a). These changes have d i rect and indirect effects on the 

man ufacturing properties of m i l k, often decreasing yie ld (AI Iore and E rb 1998), q u a l ity 

(Trajkovski 1997) a n d  shelf- l ife of end-product (Ho ldaway 1990; DeGraves and F etrow 

1993; Trajkovski 1997; Al lore and  E rb 1998}. Fu rthermore, the p resence of sma l l  

quantities of ant imicrobials i n  the mi l k  due  to  mastitis t reatment is associated with 

major losses incurred by the man ufactu rers when starter micro-organ isms a re 

destroyed or their activity is s lowed. 

The fina l  p roducts, man ufactured from mi lk  with changed com position, wil l potent ia l ly  

command  lower prices on the market and therefore wi l l  reduce the income for the 

da iry industry and fa rmers. The current m i l k-pric ing system main ly re l ies on total-fat 

and total-protein  yie lds.  Since there is l ittle  fi nancia l  i ncentive for da i ry fa rmers to d o  

so, mastitis contro l program mes a re not stimu lated .  Also, d u e  t o  the  withd rawa l 

period after treatment of c l in ical cases com position changes in  bu l k  m i l k  can, as stated 

by S eegers et al ( 2003), be neglected in  economic calcu lations. H owever, sec a n d  

microbial count p lay an  increasi ngly important ro le  in  many payment system s  a n d  

therefore a decrease in mi lk  qua l ity, due  to mastitis, p lays a significant ro le .  The 

intro d uction of premiu ms for m i l k  q ua l ity stimu lates i nterest on this m atter (exa m p les  

seen  i n  UK  and Austra l ia) .  The very severe penalt ies for the  presence of ant imicrobia l s  

in m i l k  a re a major incentive for ensuring that effective measures a re i n  p lace o n  the  

fa rm to prevent contamination . 

Al l  costs associated with the compositiona l  changes, at farm level, can  be ca lcu lated 

from the statements of milk co l lecti ng and processing com pan ies. When the cost of 

mastit is is estimated o n  a per cow basis, data col lected at the farm l evel needs some 

mode l l ing taking into account cow numbers and m astitis occurrence. 
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2.4.2.3.2 Decreased hygienic quality of milk and Public health considerations 

When d iscussing the financia l  imp l ications of mastitis, its importance in  publ ic health 

and  the effects of mastitis on the consu mers should n ot be overlooked (Holdaway 

1990; Mclnerney et al 1992; DeGraves and Fetrow 1993; Al lore and Erb 1998). The risk 

of zoon otic d iseases is also an important issue. This risk, however, is not necessarily 

associated with mastitis. The potentia l  spread of zoonotic organ isms via m i lk, though 

rare in the era of pasteurisat ion,  remains a risk especia l ly in the n iche markets of u n

pasteurised da i ry p roducts, and d u ring pasteurisation fa i lu res (Pyora la 2002).  A 

n u m ber  of  mastitis-ca us ing bacteria and fungi are potentia l ly pathogenic to humans, 

caus ing i n  many cases severe or  even fatal i nfections or i ntoxications (e.g., 

Staphylococcal food poison ing with the thermo-stable toxins produced by the 

staphylococci; Strep. agalactiae - h u man septicaemia and neonatal  meningitis etc. )  

(Ho ldaway 1990) .  The extensive use of ant im icrobials i n  the treatment and control of 

m astitis has possible i m p licat ions for human health through an  increased r isk of 

ant im icrobia l  resistant stra ins of m icrobes emerging that m ay then enter the food 

cha in (Beck et al 1992; Al lore and Erb 1998; Pyora la 2002) or through the increased risk 

of a l lergic reactions .  

The excretion of large n u mbers of mastitis-causing organ isms i n  mi lk  from infected 

cows adds  to the total n u m ber of bacteria in bulk mi lk, regardless of degree of care 

taken with p lant hygiene  (Holdaway 1990; Beck et al 1992; Mclnerney et al 1992; 

Seegers et al 2003) .  

The stress to the farmer is considered as a potential  p ublic hea lth concern. 

The costs associated with the effects of mastitis on milk qua l ity can be estimated from 

the pena lties i mposed by the m i l k  p rocessor for fa i l u re to meet the qual ity standards 

for SCC, m icrob ia l  content and a ntibiotic contam ination. Some factors of concern for 

publ ic hea lth, such as exposu re to potential p athogens and pathogens resistant to 

ant imicrobia ls i n  m i l k  that is used un-pasteurised, or the stress to the farmer a re n ot 

easi ly identified o r  costed. 
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2.4.2.4 C u l l i ng a n d  replacement cost 

The term cu l l ing d escribes the remova l of an  a nimal  from a herd. A sign ificant pa rt of 

the economic cost of mastitis is related to cu l l ing losses (Biosser 1979; Bishop et a l  

1984; Kirk 1984; Craven 1987; Fetrow 1987; Lightner 1988; Fetrow et a l  199 1; Beck et 

al 1992; H i l lerton et al 1992; Mclnerney et al 1992; Mi les et a l  1992; DeGraves and 

Fetrow 1993; Mi l ler  et al  1993; Mor in  1993; Stott and Kennedy 1993; Kossa ibati and  

Ess lemont 1997; Trajkovski 1997; Al lore and  Erb 1998; Hortet and Seegers 1998a; 

lehenba uer and Oltjen 1998a; Fetrow 2000; Seegers et al 2003; Win kelman 2003; 

Berry et a l  2004; Swinkels et a l  2005)  of cows that have or have had c l in ical mastitis 

(Bart lett et al 1990; DeGraves and  Fetrow 1993; Beaudeau et al 1994; Al lore and  E rb 

1998; Bascom and Young 1998; Hortet and Seegers 1998a; leh en bauer and  Oltjen 

1998a ) or e levated sec (Bart lett et a l  1990; Beaudeau et al  1994; Seegers et a l  2003), 

and  the increased expenditure associated with their rep lacement (B iosser 1979; 

Bisho p  et al 1984; Holdaway 1990; Beck et a l  1992; Mclnerney et al 1992; Cu l ler 1993; 

Allore and Erb 1998; lehenbauer and Oltjen 1998b). Mastitis is usua l ly second o n ly to 

reproduction as the la rgest i nvol unta ry cu l l i ng  category (Gil l et al 1990; DeGraves a n d  

Fetrow 1993; Kossaibati and Esslemont 1997; Bascom a n d  Young 1998; McDouga l l  

2002; Seegers et a l  2003; Berry et  a l  2004) .  F inancial l osses at  the fa rm level can  be 

attri b uted to the loss of future income and genetic potential (Ho ld  away 1990; H i l l e rton 

et a l  1992; Cu l ler 1993; Al lore and Erb 1998} resu lti ng from cu l l ing .  Schepers a n d  

Dijkhu izen { 1991) state that t h e  loss i n  this case i s  the difference between the i ncome 

that a particu lar  animal  could earn d u ring her remain ing expected l ife and the 

expected average income from replacement an imals with normal productive q ua l ities 

and n o rma l  p robabi l ities of d isposal over the same period of t ime.  However, the loss 

occurs on ly when animals have to be  rep laced before reaching the ir  o ptima l  economic  

age for  cu l l i ng. 

The d ecision to cu l l  is a com plex one. There a re different ways of classifying cu l l i ng  

accord ing  to  the motives that lead to  the cu l l i ng  decision .  The trad itiona l  con cept 

dist ingu ishes between voluntary a n d  invo luntary cul l ing (Monti et a l  1999). A d ifferent 

approach h as gained attention that defines bio logic and economic  cu l ls  which a l lows 

consid e ration of a l l  the factors that influence the decision-making  p rocess (G i l l  et a l  
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1990). Lehenbauer  and Oltjen {1998a) state that the cul l ing strategies are fu rther 

i n fl uenced by short-term fl uctuations i n  cow numbers as wel l  as by p lanned herd 

expansion.  However, most cows a re l ikely to be removed from dairy herds on ly after 

they have d isp layed severa l  reasons that would lead to cu l l ing. Farmers may consider 

many cow factors, such as  age, stage of l actat ion,  mi lk  production, hea lth status, 

d isposition, reproductive performan ce, economic factors, such as mi lk  p rice, the p rice 

of cu l led cows, a n d  the p rice, genetic merit and ava i l abi l ity of replacement heifers 

when determ in i ng  whether or not a cow should be cu l led. The large effect of cl i n ical  

mastitis before peak lactation o n  short-term m i l k  yield may partly expla i n  the 

h igherrate of cu l l ing of cows i n fected early i n  lactation (Fetrow 2000; Seegers et a l  

2003). When m a stitis occurs later than 240 days after calving, the  effect on cu l l i ng  i s  

not  evident (Raj a l a-Schu ltz and Grohn  1999). This cou ld  be explained by  the fact that 

when the t ime of  next calving i s  app roaching, farmers a re prone to wait u nti l  the n ext 

t ime the cow ca lves a n d  see whether she has recovered from mastitis at the sta rt of 

the next lactat ion ( Raja la-Schu ltz and  Grohn 1999). 

As many of the factors of  cu l l i ng  and rep lacement cost are not easi ly ca lcu l ated, 

part icularly the l oss of genetic potential, it will be necessary to employ compl icated 

dynamic  p rogram ming model to est imate the cost of this group of factors. The cu l l i ng  

of  a n  infected cow i s  l i kely to  reduce the risk of spread of  infection through the herd 

(Stott and Ken n edy  1993).  The benefits of this effect shou ld be included i n  the dynam ic 

programming  mode ls. 

2.4. 2.5 Pre m i u m  l oss a n d  penalties 

(AI Iore and E rb 1 998; Fetrow 2000; Seegers et a l  2003; Winkelman 2003; Swinkels et a l  

2005) 

Pena lties and p re m i u m  losses i n  many countries, particu larly the European Commu n ity 

a n d  Austra l i a  a re a n  important part of the economic losses caused by mastitis. The 

str ingent standa rd s  for a n umber of  qua l ity parameters i nclud ing contam ination with 

a nt imicrobia l  substances, m icrobes, flavour defects, and concentration of m i l k  

com ponents as  we l l  as  somatic cel ls count a re monitored and pena lised or  

compensated for in  d ifferent cou ntries. Morin et a l  (1993)  reported 2 1-40% of the cost 

of  mastitis i n  4 I l l i n o is herds resulted from mi lk  qua l ity premium losses. 
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All costs associated with loss of premiums and i ncurred penalties at the fa rm level a re 

easi ly calcu l ated from the statements of the m i l k  col lecti ng and process ing com panies. 

To est imate the cost at cow level, ca lculations from the data col lected at the farm level 

wi l l  need m ode l l i ng, taking i nto account cow n umbers and mastitis occurrence.  In the 

fi na l  model est imating costs of premium losses and incurred pena lties e rror by staff 

( Fetrow 2000} should be taken i nto account, as th is wi l l  lead to over-est imates of the 

cost of mastitis; for examp le  mi lk ing of a cow before withhold ing period is fin ished, 

etc. 

In the l iterature the fo l lowing authors l ist or detai l  the premium loss and  pena lt ies as 

factor associated with losses caused by mastitis: Al lore and E rb (1998}, Fetrow (2000}, 

Seegers et al (2003}, Winkelman (2003}, and Swin kels et al (2005}.  

2.4.2.6 Pre-term d rying off 

I n  m any cases, particu larly from m id-lactation o nward, and when there i s  a recu rr ing 

case, pre-term d rying off the affected q uarter of a cow is advocated. To avoid 

underest imates of mastitis consequences, all those cases should be specifica l ly 

recorded and accounted for in economic-loss cost evaluations (Hortet and  Seegers 

1998a; Winke lman 2003 } .  

2.4.2.7 Animal  welfa re aspect of  m astitis 

The welfa re imp l ications of peracute toxic mastitis a re obvious .  Al lore and E rb ( 1998} 

and Pyora la  (2002} state that more recent stud ies, have demonstrated s ign i ficant 

secondary hypera lges ia i n  cows fol lowing mi ld  c l in ica l  ep isodes of mastitis. lt has  been 

now accepted that mastitis is associated with hyperalgesia, particu la rly in acute and 

peracute cases ( Fitzpatrick 2004} . Al lodynia has been demonstrated for a pproxim ately 

5 and  40 days in the case of mi ld  and moderate cases of mastitis, respectively 

( Fitzpatrick 2004} . Con centrations of bradykin in, cortisol and other k in ins  change 

during  c l in ical mastiti s  (Shuster et al 1991a, 1991b, 199 1c; Esh raghi et a l  1999} .  

Therefore, supportive treatment of each case of  mastitis can be an issue in the n ear 

future, lead ing to i ncreased costs of mastitis. 

Accord i ng  to the M i lk Hygiene Di rective 92/46 E EC it i s  not a l lowed to del iver m i l k  from 

cows suffering from recognisable inflammation of  the mammary gland.  
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2.4.2.8 Associated hea lth problems 

Mastitis i s  com mon ly associated with other h ealth problems such as rep roductive 

fai l u re (Mc lnern ey et al 1992; Kossaibati and  Esslemont 1997; Fetrow 2000; Schrick et 

a l  2001; Swi n ke l s  et a l  2005) a nd loss of appetite (Mc lnerney et a l 1992; Kossaibati and 

Esslemont 1997; Seegers et a l  2003} .  There wi l l  be some ind i rect costs due to 

i ncreased risk of these associated hea lth p roblems. 

Recently there has been a trend  when estimating mastitis costs to take into account 

less food consu m ed to p roduce less m i l k; a factor that was not u sua l ly considered 

(Berry et al 2004; H i l lerton and  Berry 2005} .  However, t rying to d ifferentiate between 

loss due  to infl a m mation of the secretory tissue and that due  to a d ecreased i ntake 

because the cow is not fee l ing wel l  is a n  u nreal istic sophistication. A hea lthy udder is 

more effic ient at convert ing n utrients i nto m i l k  (Berry et al 2004}, so to estimate the 

real cost of mastit is regard ing feed i ntake wil l need a compl icated model l ing. 

Schrick et a l  (2001}  reported that cows with c l in ica l  or  sub-cl in ical  mastitis before the 

first service h a d  i ncreased days to first insemination, increased days open and 

increased servic e  to conception .  This ind icates that some of the losses from associated 

hea lth p roblems  can be ca lcu lated using rel atively s imple model l i ng. 

2.5 Cost of mastitis control programmes 

The cost of m astitis contro l inc lude expend itu res which can be measured d i rectly from 

invoices or ca lcu l ated according to standard treatment and  prevention costs, and from 

labour  t ime for mon itoring, treatment, p revention (Bishop et al 1984; DeGraves and 

Fetrow 1993; Seegers et a l  2003L and other  expenditures. 

Expenditure on m astitis control is determined by the methods employed, namely: 

ed ucationa l  costs, p re-mi lking p reparation of the udders, teat d isinfection, d ry-cow 

therapy a nd m astit is vaccines, mon itoring measures, and  maintenance of the m i lk ing 

mach ine .  On the other hand,  some authors a lso include the treatment of  c l in ica l  cases 

(G i l l  et al 1990; M o ri n  1993L the p re-part u m  treatment of heifers (Oiiver et al 2003L 

cu l l ing (G i l l  et al 1990; Mor in 1993} and the management changes in m i l king  routine 

(Gi l l  et al 1990; M orin 1993; Seegers et al 2003L such as m i lking infected cows last. For 

examp le  Ol iver et al (2003} reported that p re-partum antibiotic treatment of heifers 
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yie lded net revenue of around US$200/heifer/year. Contagious mastiti s  i n  the herd i s  

associated with shedd ing of the mastitis-causing organisms during mi lk ing and  the r isk 

of cross-infection to other cows in the herd (Craven 1987; Holdaway 1990; Mor in  

1993; Stott and Kennedy 1993; Swinkels et  al  2005 ) .  In such cases the m astitis 

preva lence i n  the herd wi l l  change, and  consequently mastitis costs wi l l  be i ncreased.  A 

proper  trans ition managem ent with the added cost of feed add itives, mi nera ls  a n d  

vitam i ns i n  particu la r, p lays an i m po rtant ro le in modern mastitis control program m es .  

A rel atively new area i n  mastitis control is vaccination aga inst d ifferent mastitis

caus ing organisms, and some research on the benefits of this p rocedure i s  a l ready 

ava i l able. DeGraves and Fetrow (1991) est imated a benefit of $57 per cow if  the  herd 

is vacci nated, assu ming  that 1% of the cows wou ld  normal ly contract col iform mastitis 

dur ing the season .  

2 . 5 . 1  Ed ucational  costs 

Contin uous ed ucation of farmers is a necessa ry tool in  the battle aga inst bovine  

mastit is (Fetrow 2000). Fa rmers need  to  be aware of economic cost of mastitis i n  the 

herd and the cost benefits of a mastitis control programme that wi l l  increase the 

fa rm's net i ncome.  

The i mportance of  education is demonstrated by the survey conducted by G i l l et  a l  

(1990) .  They found  that a regu l a r  visit by a veterina rian or  udder hea lth specia l i st, 

more years of ownersh i p  or m anaging a farm, more ed ucation, a n d  freq uent 

atten d ance at da i ry extension sem inars were associated with lower SCC, wh i le  the 

increase in the total number of people working o n  the dairy fa rm was associated with 

an i ncreased SCC (G i l l  et al 1990). In  contrast Ku iper et a l  (2005) found  th at the 

education factors were n ot as i m portant as p re miums  and penalties appl ied for m i l k  

qua l ity. 

The costs associated with ed ucation of the farmers and the labour  can be p a rt ia l ly  

estim ated from the i nvoices for attended cou rses. Tim e  spent on educat ion i s  d ifficu lt 

to e stimate. Also decreased SCC were associated with the h igher ed u cation 

qua l i fications of the farmers or workers and not n ecessari ly related to knowledge 

about mastitis, so to try and attribute this to the cost of  mastitis seems somehow 

u n rea l istic. 
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2.5.2 Pre-m i l ki ng preparations of the udders 

(G i l l  et a l 1990; DeGraves and Fetrow 1993; M orin 1993; Seegers et a l  2003) 

The costs of th is  p rocedu re inc lude the t ime the  mi lker takes for pre-stri ppi ng, wash ing 

and  drying the u d ders; u se of water and  teat d is infectant for wash ing, and paper 

towels for d ryin g  the udders. P re-mi l king teat d isin fection is a relatively new concept in 

mastitis contro l .  The majority of authors conclude that th is  p rocedure is general ly 

effective and not expensive ( l n gawa et a l 1992; Pan key and D rechsler 1993; Ol iver et a l  

2001) .  On the contrary, R uegg a n d  Dohoo (1997) reported that the reduced incidence 

of  c l in ica l  cases of mastitis does n ot justify the added expense incurred from p re

m ilk ing teat d is i n fection, with a benefit to cost ratio of 0.37.  Fu rther research is 

n eeded to eva l u ate the economic  i mpact of the procedure. 

2.5.3 Post-m i l ki ng teat dis i nfection 

When assess ing  the cost of  teat d is infection there a re three main elements that 

shou ld be addressed, n a mely the  cost of the teat d is infectant, the instal lation and 

ma intenance cost, and labour  cost ( if inc luded as a cost of m astitis) .  G i l l  et a l  ( 1990) 

fou n d  that the cost of teat d is infectants is qu ite variable and is i n fluenced by the 

amount used per cow per  year and the cost per l itre. On top of this the cost of the 

emol l ient u sed shou ld  be added when it i s  used. 

Farms that have eq u ipment for back-flush i ng of the m i l ki ng u n its should i nc lude the 

cost of insta l lation ,  m a intenance and a ny d isinfectant used . 

I n  the l iterature the  fo l lowing authors l ist or  detai l  post-mi lking  teat d is infection as  a 

factor associated with mastitis cost: Anderson and B lackshaw ( 1977), Fetrow ( 1987), 

G i l l  et a l  ( 1990), Beck et a l  ( 1992), Mclnerney et a l  ( 1992), DeGraves and Fetrow 

( 1993), Mor in  ( 1993), and Seegers et al (2003) .  

2.5.4 Dry-cow treatm e nt a nd mastitis vaccines 

The cost of  com mercia l  d ry-cow products (antimicrobials and teat sealants) is 

som ewhat variable, bein g  i nfl uenced by the product used ( Fetrow 1987; Gi l l  et a l  1990; 

Beck et a l  1992; Mc lnerney et a l  1992; DeG raves and  Fetrow 1993; Morin 1993; 

Seegers et al 2003; Winke lman  2003). The cost wi l l  be i nfl uenced by the numbers of 
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cows treated at drying off if selective dry-cow therapy is used. If labour cost is 

cons idered as  an element of the mastitis cost, then it shou ld  be added to the 

ca lcu lat ions.  

The sa me procedure can be used for calcu lation of the estimated cost of vaccines 

aga inst mastitis (DeGraves and Fetrow 1993; Al lore and Erb 1998; Pyora l a  2002; 

Seegers et al 2003) or som e  of the other immune-modu latory systems (Pyora l a  2002) 

a n d  the ir  app l ication. 

2.5.5 Monitori ng measu res 

( Fetrow 1987) 

2.5 .5 .1  sec monitoring cost 

(Fetrow 1987) 

The cost of herd testing is calculated easi ly from invoices. Herd testing is done by 

d ifferent companies around the world and these usual ly record the volume, p rotein  

and  fat content, and  sec i n  the  m i lk from each ind ivid ua l  cow. For  examp l e  herd 

test ing in N ew Zea land is done by Livestock Improvement Corporation (LIC) and 

Ambreed. The informatio n  gained from herd test ing is vita l  for effective herd 

management and decision making. If labour  cost is considered as an element of the 

mastit is cost, then it shou ld be added to the calcu lations. Zepeda et a l  (1998) 

est im ated that testing and  monitoring pays for itself over a short period of t ime, 

except when there is very low incidence of mastitis and very low SCC. 

2.5.5 .2 Culturing 

(G i l l  et a l 1990; DeGraves and  Fetrow 1993; Morin 1993) 

The cost of detecting and characteris ing mastitis-causing organ isms from infected cows 

o r  bu l k  tank m i l k  is variable and depends on the numbers of samp les submitted and 

the l aboratory used for cu lturi ng. The cost of materials (samp le  tubes, a lcohol ,  wipes, 

cotton  wool )  should be added to the calcu l ations of the mastitis contro l  p rogram m e .  If 

labo u r  cost is considered as an e lement of the m astitis cost, then it should be a lso 

added to the ca lcu lations. 
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Some mastitis control p rogrammes m ay inc lude more extensive cu lturing. I n  th i s  case, 

ind ividua l  cows that a re l i kely to be sub-cl i n ical ly i n fected a re identified either by using 

the somatic cel l  count or  other m ethods for sub-c l in ical mastitis d iagnosis, and mi lk  

sam p les a re cultu red. Cows with cu ltu re-positive m i l k  can then be treated, based on 

the m astitis-caus ing o rgan ism, sensit ivity resu lts, age of  the cow, stage of lactation and 

productivity. 

2.5.6 M i lking system a n d  m i l ki ng procedure analysis 

Ana lysis of  m i l k i ng  equ ipment and p rocedures is h igh ly variable, influenced by the herd 

s ize, p ast h i story and management level (Fetrow 1987; Gil l  et a l  1990; Mclnerney et al 

1992; DeGraves and Fetrow 1993; Edmondson 1993; Morin 1993) .  However, regu lar  

mi lk ing machin e  tests lead to better resu lts and  h ave a h igh cost benefit ratio 

(Edmondson 1993) .  

2.5.  7 Tra nsitio n  period m a nagement 

lt  has been rep o rted that cows suffer ing from cl in ica l  parturient hypocalcaemia have 

been associated with a nearly 9-fold increased risk for mastitis (Epperson 2005} .  The 

d iet of a da i ry h e rd p lays an i mportant role in cow productivity, and its general ab i l ity 

to resist d isease ( Pyora la 2002). N utritiona l  relationsh ips to host defence mechanisms 

have led to the  idea of i ncreasing the resistance of da i ry cattle to mastitis through 

n utrit ion. N ot o n ly gross ma ln utrit ion, but a lso merely suboptimal levels of any one 

m icron utrient i s  su fficient to adversely affect mammary gland immun ity (Hogan et a l  

1993; J u ko la  et a l 1996; Sord i l lo  et a l 1997; Petrovski 2005} .  

M astitis control p rogrammes should ensure that p roper intakes of  a l l  macro- and 

m icro- n utrients a re maintained i n  a l l  cows at  a l l  t imes. The key to ensuring adequate 

levels of these i m portant m icronutrients is d i rect testin g  of animals at the herd level to 

de l ineate patterns  in overa l l  n utrient deficits (Sord i l lo et a l  1997) .  

Transition per iod m anagement inc ludes many othe r  p roced ures associated with 

mastitis control, for examp le  teat dis infection and p re- or  post-calvi ng treatment of 

he ifers . 

The cost of the s u pp lements is easi ly ca lcu lated fro m  invoices. The cost of other 

p rocedu res is ca l cu lated in  the same way as  for normal t reatment or teat disi nfection .  
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2.6 Discussion a n d  concl usions 

Bovine  mastiti s  is considered as the most costly p rod uction d isease to the  da i ry 

industry worldwide.  Estimating the costs associated with mastitis is n otoriously 

d iffi cu lt .  lt is even more d ifficu lt to q uant ify the losses associated with sub-c l in ica l  

mastitis as they are n ot visible to the fa rmer. The economics of mastitis needs to be 

addressed at the farm or herd level and depends on local, regiona l ,  ep idemio logical, 

manageria l  and economic condit ions.  When consider ing the cost of any disease, it is 

necessary to keep i n  mind that every d isease has a d i rect and an  ind i rect cost. Di rect 

costs a n d  expenses a re usual ly the on ly ones rea l ised by the fa rmer. I nd i rect losses due  

to  mastitis are not rea l ised by the  fa rmer i n  many cases and  a re a reason why the 

imp lementation of mastitis control measures i s  d i fficu lt, so contin uous educat ion on 

th is  m atter is n ecessary. Some of  the costs a nd expend itu res are easy to calcu l ate and 

they shou ld be i ncl uded i n  research projects deal ing with the model l ing o f  the 

economics of the disease. However, some o f  the costs are not countable, such a s  cases 

of h u man d iseases, farmers' stress etc. To be able to consider the real cost of m a stitis 

to the da i ry i ndustry, the p revalence and i nc idence of mastitis o n  a nation a l  level 

shou ld  fi rst be establ ished. Then est imations of a l l  relevant countable costs and  

expend itu res should be  made, and  the  last step wi l l  be to inc lude a l l  of  them i n  one  

large mode l  for mastitis cost estimation .  
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3 The I ncidence and Aetiol ogy of Bovi ne Mastitis i n  1 4  

H e rds from N o rth land,  New Zea l a n d  

3 . 1  Abstract 

3 . 1 . 1  AIMS: To investigate the incidence of c l in ica l  mastitis over a s ingle lactation  (J u ly 

2005 to Ju ly 2006L the freq uency of isolation of d i fferent mastitis-causing orga n isms, 

the preva lence of subclinical mastitis, and estimation of the predictive va l ues of the 

first ava i lable herd test for pred iction of c l in ical mastitis in  herds from the N o rth land 

region of New Zea land .  

3 . 1 . 2  METHODS: The i ncidence of c l in ical mastitis was determined by fa rm personnel  

record ing the identities of affected cows. Composite mi lk  samples of the affected 

q u a rters were col lected aseptica l ly for microbio logy. Mean numbers of affected cows 

a n d  quarters were compared at the popu lation a n d  herd level per 305 cow-days-at

risk. Subcl in ica l  mastitis was determined as the presence of somatic ce l l  counts 

>250,000 cel ls/m! during  routine herd testing. I nd iv idua l  cow somatic cell counts from 

the first avai lable herd test for the season were used to predict whether treatment of 

subcl in ical mastitis wou ld p revent development of c l inical mastitis. 

3.1.3 RESULTS: Of 3765 lactating cows, 559 ( 14.8%) had one or more ep isodes of 

c l in ical  mastit is .  The average incidence of c l in ica l mastitis was 0.19 cases per 305 cow

days at-risk. The i ncidence in rear quarters (56.2%) was 1 .3 times that of front q u a rters 

(43.8%). The incidence of cl in ical mastitis and  n umbers of affected quarters was 

sign ificantly influenced by the stage of lactation (h igher in early l actation ), age ( h igher 

i n  older cows) and herd. At the cow level, the most common iso lates were 

Staphylococcus aureus {23.7%L and Streptococcus uberis (23.3%). No causative 

organ isms were present in  27.3% of the samp les. The est imated preva lence of 

subc l in ical  mastitis increased through the season ( i .e. from calving to dry-off) . Four  

h undred and twelve cows wou ld  have to  be treated to  attempt to  prevent c l i n ical 

mastitis in  only 49 cows. 
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3.1.4 CONCLUSIONS:  This stu dy demonstrated a higher incidence of staphylococca l 

infect ions in  c l i n ica l  mastitis in  North land, com pared to find ings from other regions of 

New Zea land .  

3.1.5 KEY WORDS: M astitis, da iry cows, Staphylococcus aureus, Streptococcus uberis, 

North l a n d  

3 .1.7 ABBREVIATIONS:  BTSCC - bulk tank somatic cell count, CNS - coagulase

negative staphylococci, DAR - days at risk, D IM - days in m i l k, I CSCC - ind ividua l  cow 

somatic ce l l  cou nt, IMI - intramammary infection, SCC - somatic ce l l  cou nt. 

3.2  I ntrod u ctio n  

Bovine  mastitis i s  o n e  of the most common and economical ly i mportant d iseases of 

da i ry cows. M astitis has been estim ated to have cost the New Zea land da i ry industry 

a round N Z$ 180 m i l l ion/year in 2005/06 (Anonymous, 2006a) and  the U n ited States 

da i ry industry a p p roximately US$2 bi l l ion/year in 1992/3 (Mi les et al 1992; Cu l lor 

1993) .  H owever, i t  is  l ikely that these figures a re u nderestimates, a s, when considered 

in detai l  ( Petrovski et al 2006), there are many factors other tha n  those commonly 

considered by which mastitis causes economic losses. 

Mastitis is a n  i nfl a m m ation of the mammary gland, which usua l ly  occurs in  reaction to 

invasion by mastitis-causing organ isms. lt is a m ulti-factoria l  and  comp lex disease 

resu lt ing from interaction between cows, m icroorgan isms and the i r  environment 

(Watts 1988; Schukken and Kremer, 2001). Most cases of cl inical mastitis in d ai ry cows 

a re infect ious in aetio logy (Craven 1987; Sandho lm et a l  1990). Although many 

bacteria, yeasts, viruses and fungi h ave been isolated from bovine mammary glands, 

on ly a sma l l  gro u p  of these organisms cause intramammary infect ions (Watts 1988; 

Ma l inowski et a l  2002; Wel lenberg 2002). More than 90% of all new i ntramammary 

infections ( I M is )  a re caused by a few mastitis-causing organ isms; namely, 

Streptococcus agalactiae, Staphylococcus aureus, Strep. dysgalactiae, Strep. uberis, 

coagu lase-negative staphylococci (CNS), Corynebacterium bovis and Escherichia coli. 

M astitis-caus ing o rganisms a re categorised as contagious or environmental, based on 

the source of i nfection, mode of transmission and the tendency to cau se persistent or 

transient I M I  ( B ra m l ey and Dodd 1984) .  The pr imary reservoir of contagious mastitis-
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cau sing organisms is the bovine mammary gland, whi lst the p redominant means of  

spread is transmission between cows d u ring mi lking. Staphylococcus aureus and Strep. 

agalactiae have historica l ly been considered as the most i mportant contagious 

mastitis-causing organ isms.  Lately, however, particu la rly i n  the USA, Mycoplasma spp. 

have been reported with increas ing frequency as the cause of major mastitis p rob lems 

in a ffected herds (see Makovec and  Ruegg 2003}. Th e pri mary reservoi r  of 

environmental mastitis-causing organ isms is the cows' environment. The most 

impo rtant environ mental mastitis-causing organisms a re streptococci (other  than 

Strep. agalactiae}, CNS and enterobacteria. I n  New Zea land, the most i mportant 

environmental organ ism is Strep. uberis (e.g. Douglas 2000} . However, the d istinction 

between contagious and envi ro n mental mastitis-causing organ isms is less c lear  than 

origi na l ly thought, s ince some environ mental o rgan isms persist i n  the mammary g land 

throughout the dry per iod and beyond .  Moreover, for both of  Strep. uberis and Strep. 

dysgalactiae, transmiss ion from cow to cow also occurs (Gro m mers et a l  1985; Zadoks 

et a l  2003 } .  I n  consequence, some authors have classified Strep. dysgalactiae as a 

p rimari ly contagious organ ism (Dodd and  Naeve 1970) . 

Changes control methods for mastitis and of p roduction p ract ices i n  da i ry ing, together 

with the ava i lab i l ity of potent antimicrobia l  agents, have resulted in significant changes 

in the causative factors and  the nature of cl in ical mastitis .  A considerable redu ction i n  

the  overa l l  incidence of c l in ical mastitis has taken p l ace over the past 30-40 years. For 

exa m p le, i n  the UK, the n ational average i ncidence i n  2000 was 43 cases per 100 cows 

per a n n u m, compared with approximately 140 prior to 1970s (Dodd and N aeve 1970; 

Wilson  a n d  Kingwi l l  1975; Blowey and Edmondson 2000} .  Fu rthermore, Strep. 

aga/actiae was the most p reva lent streptococcal cause of mastitis before the o nset of 

widespread use of d ry cow therapy and post-mi lking teat d is infection, b ut i s  now 

relatively uncommon in  most of the developed da i ry countries (Makovec a n d  Ruegg 

2003; P itkala et al  2004} .  By contrast, there has been a s l ight increase in the inc idence 

of c l i n ica l  mastitis due to envi ron mental organisms over the same period that is 

i ndependent of reporter or  location (Bramley and Neave 1975; B lowey and 

Edmondson 2000; Brad ley and Green 2001; McDouga l l  2002b), so that the re lative 

contrib ut ion of Strep. uberis to c l in ica l  case of mastitis has r isen from 7 to 33% over 
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the  period (Wi lesmith et a l  1986} . lt has been postu lated that this is occurring 

because the n iche  vacated by the contagious mastitis-causing organisms is being 

occup ied by the enviro n mental organ isms (Erskine et a l  1988; Myl lys et a l  1998; 

P h uektes et a l  2001}.  However, it is a lso evident that many wel l-managed fa rms that 

h ave successfu l ly contro l led  contagious m astitis ( inc lud ing 5. aureus} and that 

consistently p rodu ce mi lk  with low somatic cel l  count (SCC, below 300,000 cells/ml 

(USA} or  150,000 cel ls/ml ( Europe, Austra l ia  and New Zea land} }  have problems with 

the incidence of c l in ica l mastitis caused by environmental organisms. lt therefore 

appears l ikely that the control of contagious orga nisms, with a consequentia l  

concurrent decrease in  l eukocyte counts in  mi lk, has  also faci l itated a r ise i n  the 

i ncidence of m a stitis due to environmental o rganisms (McDouga l l  1998a; Taponen et 

a l ,  2006}.  

Relatively few stu d ies have examined the overa l l  incidence of mastitis in  New Zea land 

da i ry herds. M cDougal l  (2002a} reported the i ncidence of c l in ica l  mastitis to be 14 

cows/100 cows per annum,  with the m ajority of cases occurr ing around ca lvi ng. 

I ntervention stud ies i n  New Zealand have found that 10% of cows acqu i red new 

infections d urin g  early lactation (Pankey et a l  1982; McDouga l l  1998a} .  Brookbanks 

( 1966} reported that 32% of cows had a positive rapid mastitis test during a study 

conducted in  1 3 0  h erds thro u ghout New Zea land .  The authors a re not aware of other 

nationa l  p reva lence estimates. Early surveys of the p reva lence and frequency of 

mastit is due  to d ifferent organ isms showed that 14 to 18% of cows were infected with 

5trep. agalactiae, 27 to 41% with 5. aureus 2 to 4% with 5trep. dysgalactiae, l ess than 

3 .0% with 5trep. uberis and  25% CNS (Brookbanks 1966; E l l iott et a l  1976}. More 

recent ly, the p revalence of 5trep. agalactiae a n d  5. aureus appears to have fal l en, with 

5trep. uberis n o w  being rep o rted as the most common cause of bovine  m astitis. 

Reports from intervention surveys in  the Waikato reported the proportions of m astitis

caus ing organ is m s  from cows with c l in ical mastitis to be:  5trep. uberis: 27 to 75%, CNS: 

9 to 10%, col ifo rms :  2 to 5%, 5trep. dysga/actiae: 1.5 to 4% and 3 to 5% 5. aureus 

( M cDougal l 1998a, 2003} .  In these reports on ly 50% to 70% of sam ples yielded positive 

bacteriologica l c u lt u res. Whether  this pattern of m astitis-causing organ isms represents 

that of  other p arts of the cou ntry, in which d ifferent c l imatic and husbandry pract ices 
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perta in,  has not been estab l ished . I n  particu lar, anecdotal evidence from veteri na ri ans 

and laboratory workers suggested that there m ight be d ifferent patterns of mastitis in  

North land to those observed elsewhere i n  New Zea land .  

The a im of  th i s  p roject was therefore to estimate the inc idence, aetio logy and  

d istr ibution i n  lactation of  mastitis-caus ing organisms i n  cases of  c l in ica l  m astitis in  the  

North land region of New Zealand .  

3.3 Mate ria ls and methods 

3.3. 1 Study Design 

A lon gitud ina l  prospective study investigating the inc idence of c l in ica l  mastitis over a 

s ingle lactation, the incidence and d istrib ution of d ifferent mastitis-causing o rgan isms, 

the p reva lence of subcl in ical mastitis, and  estimation of the predictive va l ues of the 

first avai lab le herd test for p rediction i n  p revention of  c l i n ica l mastitis incidence .  

3.3. 2  Study Population and Description of Farms 

Data were col lected from 14 seasonal  spr ing-ca lvi n g, pasture-based, da i ry fa rms from 

the Dargavi l le, Aranga, Waihue, Tangiwhae, Tangiteroria and  Ruawai a reas of 

North land, New Zea land .  Farms were selected on the basis of regu lar  herd testing, a 

h i story of keeping mastitis treatm ent records, a wi l l i ngness to col lect samp les a n d  

fa rmer consent. The study period was J u ly 2005 to Ju ly  2006 and i ncluded observation s  

o n  ca lvi ng, events during lactation, d rying-off and d u ring the dry period o f  t h e  2005/06 

season .  The tota l study popu lation included 3765 l actati ng cows with a n  average 294 . 1  

(95% Confidence I nterval 276.2-3 12) days in m i l k  ( D I M ) . Al l cows were identified usin g  

ear tags (p lus  freeze brand ing o n  o n e  farm) .  

Management of lactating cows was s imi lar  among farms and showed due  regard for 

the i r  welfare . Usua l  farm ing practices and feed ing  were fo l lowed d u ring the stud y  

period .  Al l  study fa rms p redominantly grazed pasture th roughout the year, with 

regu l a r  ferti l i z ing of the paddocks. Supp lementary feeds were p rovided for at least p a rt 

of the  season on 13 out of 14 farms (grass s i lage: 12/14, pa lm kerne l :  9/14, turn i p  

cro p :  8/14, h ay: 5/14 fa rms). Cows were mi lked twice da i ly on 1 2  a n d  once da i ly o n  

two o f  t h e  1 4  fa rms. 

5 1  



Al l  study farms kept records on forms supp l ied for the pu rpose and  i n  note books. 

Add it ional ly, 12 farms used computer records or 'Best on Farm P ractice' booklets. 

M ost of the farms  a lso used another record ing tech nique (white board, temporary 

n otes, and hand-he ld computerised systems, such as M-note or PAM) .  

M astitis was m a n aged b y  fa rm personne l .  Cows that had quarters d iagnosed with 

mastitis by farm personne l  were assigned to the c l in ica l  mastitis study group .  Cow 

identification,  affected quarter/s and treatment/s were recorded. 

3.3.3 Procedures 

3.3.3 .1  Mastitis Diagnosis : 

Diagnosis of c l i n ica l  mastitis i n  ?ffected quarter/s was undertaken by farm personnel 

us ing proce d u res that were currently p racticed on the particu lar farm.  The p rocedu res 

used to d iagnose mastitis and  op in ion of farms personnel on their  importance a re 

p resented i n  Tab l e  3. 1 .  A q uestionna i re that had previously been given to the fa rm 

staff and owne r/sh are-mi lker was used to generate the criteria used in  this table .  

Table 3 . 1 .  Diagnostic p rocedures a n d  their importance in t h e  diagnosis o f  clinical mastitis on different 

farms (0- not practiced; 1- rarely; 5- very often) as graded by the farm personnel 

Abnormal Herd Abnormal Filter Hot Cow Sick EC1 

Farm Id udder test milk CMr socks quarter behaviour Other COW meter 

1 4 5 4 5 5 4 2 5 2 5 
2 4 3 5 4 2 1 2 0 1 0 
3 5 5 5 0 4 0 0 0 0 0 
4 5 5 5 5 5 5 0 2 1 3 
5 4 3 4 0 3 0 3 0 0 0 
6 5 5 4 0 0 0 0 0 0 0 
7 4 2 4 3 3 0 1 0 0 0 
8 4 5 5 5 3 4 0 5 0 0 
9 5 3 0 5 0 5 2 5 0 0 
10 5 5 5 5 4 5 5 0 5 5 
11 5 5 5 5 5 5 5 0 5 0 
1 2  5 5 5 5 5 4 5 0 5 0 
13 5 5 1 3 5 5 0 0 0 0 
14 5 2 3 4 5 3 4 5 1 0 
Total 65 58 ss 49 49 41 29 2 2  20 13 

M edian 5 5 4.5 4.5 4 4 2 0 0.5 0 

1 Electrical conductivity 2 California mastitis test 

3.3.3.2 M i l k  Samp l i n g :  

Mi l k  samples were aseptical ly co l lected, before the commencement of ant imicrobia l  

treatment, from q uarters that were affected by c l i n ical  mastitis. The teats were 
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washed, d is infected, d ried and the fore-m i l k  d isca rded, p rior to col lecting a com posite 

m i l k  samp le from a l l  affected quarters. U naffected quarters were not sam p led .  The 

mi l k  samp les were stored at approximately -20°( in domestic freezers i m m ed iately 

after mi lki ng. Samples were later dispatched to the New Zea land Veterinary Pathology 

La boratory i n  Pa lmerston North . 

3 .3 .3.3 Microbial  C u lture :  

Each m i l k  sam ple was subjected to routine  m icrobio logica l cu lture a n d  iso lated 

mastitis-caus ing organisms were identified to genus and/or species leve l .  

M icrobiological  examination was performed accord ing  to IDF  recom mend ations 

(Anonymous, 1987) .  

3. 3.4 Statistical Analysis 

Raw data were ava i lab le  from 3892 an ima ls. Of these, 127 an ima ls  were exclu d ed on 

the bas is  of lactations of >365 days. These an ima l s  were exposed to more tha n  one 

lactational period and their  r isk was assumed to be different. After exclusion of  these 

an ima ls, the data set ' incidence data' inc luded 3765 an imals .  On ly the i nc iden ce of 

cl i n ical  mastitis during lactation was determ ined.  

Data sets were i ncomp lete for some cows, lackin g  information on age (n=95 )  and 

i nd ividua l cow somatic ce l l  count ( ICSCC) (n=104). These cows were excluded fro m  the 

relevant parts of the ana lysis .  

Ages of the cows was recorded in years (range 2 - 16) .  Al l  an ima ls whose ages were 6 

years and over were amalgamated into a single a ge category (Age �6) for stat istical 

ana lysis. 

Herd test data were ava i lab le  for 3689 cows. These data were used in the a n a lyses of 

the p redictive value of the fi rst avai lab le herd test for p revention of c l in ical mastit is by 

treatment and  in the estimation of the prevalence of subcl in ical  mastitis. 

Stati stica l  ana lyses were performed using SAS (Statistical Analysis System, versio n  9. 1; 

SAS Institute I nc. ,  Cary, N C, USA) and Excel (M icrosoft Office, version 2003; M i crosoft 

Corporation, USA). 
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3.3.4.1 Days at Risk:  

The days at risk (DAR) were calcu l ated and manua l ly corrected us ing the fol lowing 

formulae :  

a )  Cows that d id not have a c l in ica l  mastitis ep isode: 

DAR = Total DIM for the season 

b)  Cows that exper ienced a c l in ical  mastitis episode and no further episode 

occurred in the 17 day recovery period at the beginn ing or e n d  of lactation : 

DAR = DI M - (number  of mastitis ep isodes* 17) 

c) Cows that had c l in ica l  m astitis and another episode occu rred in the 17 days 

recovery period (a typical  three days of treatment p lus 14 d ays recovery): 

DAR = D I M  - (number of mastitis ep isodes* 17) - days b etween subsequent 

cl i n i ca l  mastitis ep isodes when these were s17 apart (if they were >17 days 

apart, the last c l i n ica l  m astitis was a new event) 

3 .3 .4.2 I n c idence of Lactational Cl i nical Mastitis: 

Cl i n ica l  mastitis was ca lcu l ated as  incid ence per 305 DAR. If c l in ical m astitis recurred in 

the same cow m o re than 17 days after the d iagnosis of the first occurrence it was 

considered as a n ew case or recurren ce.  If  c l in ica l m astitis recurred i n  the same cow 

with i n  17 d ays after the first c l in ical mastitis occurrence, it was assu med that was a 

re lapse of the same case. lt was assumed that, d u ring the 17-day recovery period the 

cow was n ot at r isk of re-i nfect ion.  

The overa l l  i nc idence of c l in ical  mastitis  and  the incidence of mastitis due to ind ividua l  

o rganisms ( i .e .  S U  (Strep. uberis), SA (5. aureus) and OTH (othe r  mastitis-causing 

o rganisms))  per 3 05-days lactation were ca lcu lated at a cow level as :  

CM Incidence = Tota l  nu mber  of CM cases x 305 
Tota l n u m ber  of cow-days-at-risk 

The frequency of recu rrence for repeated cases was ca lcu lated as:  

Recurrent CM = 
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The effects of herd and age on c l in ica l  mastitis i ncidence were estimated by a 

genera l ised l inear model us ing a Po isson d istributio n  and  adjusting vari ances for over

d i spersion (Pearson residua l  ch i-sq uare/degrees of freedom error; proc GLI M M IX i n  

SAS). Over-d ispersion correctio n  was requ i red because the  mastitis incidence of  cows 

from the same herd was assum ed to be more s imi lar  than that of cows from different 

herds; hence observations were n ot l i kely to be i ndependent. Tota l  and organ ism

specific i ncidence at a cow level was a lso calculated as a 4-week moving average to 

exam ine  periods of h ighest r isk throughout the cou rse of lactation .  

I n  add it ion the fo l lowin g  measures were calculated : 

i )  Case-rat io of c l in ica l mastitis i n  front versus rear quarters (CR-FVR) :  

CR-FVR = Total  number of CM cases in front quarters 
Tota l  n u m ber of CM cases in rear  q uarters 

i i )  Case ratio CM in right versus left quarters (CR-RVL) : 

CR-RVL = Tota l  n u m ber of CM cases in right quarters 
Tota l n u m ber of CM cases in l eft q uarters 

3.3.4.3 Removal from Su pply:  

If a cow was removed from supp ly for the remainder of  the season (such as by transfer 

to a gro u p  of nu rse-cows, pre-term dry off, cu l l ing or death due  to mastitis )  she was 

counted as having been removed from supply due to mastitis. The risk of cows 

removed from supply due to mastitis was calcu lated as the num ber of cows removed 

d ivided by the number of cows ca lvi ng. The risk of mastitis resu lt ing i n  a remova l from 

the h erd was ca lculated as the number  of cows removed for mastitis d ivided by the 

n umber  of cows with mastitis and the total number of cows i n  the herd . 

3 .3.4.4 Predi ctive Val ues of ICSCC from the First Avai lable Herd Test 

for the risk of cl inical  m astitis : 

The r isk of c l in ical mastitis d u ring 60 days after the first herd test date was calcu lated 

by log ist ic regression ana lysis of the presence of an  ICSCC �250,000 cel ls/m !, (adjusted 

for over-d ispersion and for the confou nding effects of herd and age) and occu rrence of 

a cl i n ica l  mastitis episode prior to the first herd test. Predicted p roportions were u sed 

to  d efine  the positive/negative p redictive va lue (NPV/PPV) as P PV = p robab i l ity of 
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c l i n ica l  m astitis given h igh I CSCC, and  N PV=1 - (probab i l ity of c l in ical mastitis given low 

I CSCC). 

3.3 .4.5 Preva lence of Subcl i nical Mastitis ,  assumed new infection 

an d  ass umed cure rates:  

S ubcl in ical mastitis ( i . e .  IM I  without observed c l in ica l  symptoms) was estimated from 

I CSCC as for predictive va l u es ( i .e .  ICSCC �250,000 somatic cel ls/m ! ) .  An assumed new 

I M I  was defined as p resence of low ICSCC at one herd test fol lowed by h igh ICSCC at 

the  n ext herd test. Assumed cure from subcl in ica l mastitis was defined as the p resence 

of h igh ICSCC at one herd test fol lowed by low ICSCC at the next herd test. If there was 

no change in  the status of the ICSCC level then the cow rema ined in  the same category 

( i .e .  contrib uted to the denominator only) .  

3.4 Res ults 

3.4. 1 Cows and milk production 

Table 3.2.  N umber of cows and mi lk  production per lactating cow per a n n u m  among farms in 3765 cows 

from dairy farms in North land, New Zealand. 

Farm Lactating cows Heifers Milk Production1 Average days in  mi lk  

1 166 26 295.6 271 

2 249 59 213. 1 290 
3 340 55 251.9 318 
4 3 1 2  9 5  264.6 307 
5 213 64 285.6  318 
6 198 35 296.4 375 
7 173 40 291.4 297 
8 221  58  238.9 270 
9 247 18 304.4 230 
10 423 94 262.3 323 
11 212  35 294 295 
12  591  99 281.2 268 
13 228 32 313.4 278 
14 192 0 225.5 277 

Total 3765 710 3818.3 4117 

Median 224.5 47.5  283.4 292.5 

95% Cl2 61.01 15.71 16.12 17.89 
1
Kilograms of mi lk  solids per lactating cow per year; 295% confidence i nterval 

The n umber of l a ctating cows per fa rm is shown in Table 3. 2 .  A total of 3765 lactating 

cows from 14 fa rms were inc luded in the study. The average number of lactating cows 
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per farm was 269. Herd size va ried between 166 and 591 lactat ing cows per  farm. 

Average mi lk prod uction per lactating cow and farm, and duration of lactation are 

shown in Table 3. 2 .  Average production per cow was 272.7 {95% confidence i nterval 

256.6-288.8}  Kg m i l k  sol ids/cow over an  average lactation period of 294. 1 {95% 

con fidence i nterva l 276.2-312.0) D IM .  

3.4.2 Incidence of clinical mastitis 

I n  the 3765 lactat ing cows inc luded in  the study, c l in ical  mastitis occurred i n  1125 

qua rters in 559 lactating cows { 14.8%) d u ring 638 episodes of c l in ica l  mastitis. I n  222 

of the  cases {34.8%) more than one qua rter was concurrently affected. Each affected 

cow had an average of 1.8 quarters diagnosed with c l in ical mastitis per episode. There 

were 61  {10.9%) cows with recu rri ng cases of c l in ical mastitis (us ing the defin it ion of 

recurrence given a bove). A cow with c l in ica l mastitis had a 12.2% cha nce of h aving at 

least one recurrence.  

M oving averages of the case incidence of cl in ical  mastitis are presented in  F igure 3 .1 .  

Moving  averages of q uarter mastitis incidence were very s imi lar  (data not shown) .  The 

highest incidence of c l in ical mastitis was in the first week (Days 2-7) post-ca lving with 

1 .89 cases per 305 cow-days-at-risk. The incidence then progressive ly  decreased u ntil 

Week 15, after which it remained low u nt i l  near to the time of d rying off, when a sma l l  

i ncrease occurred .  

The a ge specific incidence of  c l in ical mastitis ( Figure 3 .  2) was highest in cows �5  years 

o ld  { 17 .3, 95% confidence interva l 13 .0-23 .0), whi le the lowest c l in ica l mastitis 

i nci dence was registered in  3-year  old cows {9 .8, 95% confidence interval 7 .0-13 .8) .  

S ign ificant differences in  the incidence of c l in ical mastitis incidence existed b etween 

age categories 2 and 6 (p<0.05), and  categories 3 and  ;:::5 (p<O.OS ) .  Although n ot 

statist i ca l ly significant, it appea red that the q u a rter incidence in  cows 2 or  3 years o ld  

was s i m i lar  but  the cow level i ncidence was lower i n  3-year cows suggesting that 3-

year o l d  cows had more q uarters affected per mastitis event than 2-year  o ld cows. 

The case i ncidence of cl in ical mastitis ( F igure 3 .3)  varied between farms from 0 .04 to 

0.45 cases per 305 cow-days-at-risk (p<0.0001) with an average of 0. 19 cases per  305 

cow-days-at-risk {95% confidence interva l 0. 13-0.25) .  
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Figure 3.1.  Fou r-weekly moving average and SE of the case incidence of clinical mastitis (cases per 305 

cow-days-at- risk) in 3765 cows from 14 dairy farms in North land, New Zealand. p <0.001. 

'Week 0' = Day of calving, 'Week 1' = Days 2-7 smoothed over Day 1-7, 'Week 2' = Days 8-14 smoothed 

over Day 1-14, 'Week 3' = Days 15-21 smoothed over 1-21 Days, 'Week 4' = Days 22-28 smoothed over 

2-28, 'Week 5' = Days 29-35 smoothed over 8-35, etc. 
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Figure 3.2. Age related incidence of clinical mastitis events i n  cows (white bars) and quarters (grey 

bars) and SE in 3765 cows from 14 dairy farms in N orthland, New Zealand. * significantly lower than 

grand mean for all age groups; # significantly higher than grand mean for all age groups ( p  <0.05) 
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Figure 3.3. 305-days herd incidence of clinical mastitis and SE in 14 dairy farms in Northland, N ew 

Zea land 

The d istribut ion of quarter location affected by c l in ica l  mastitis is p resented in F igure 

3 .4. The number  of rear quarters affected by c l in ical mastitis was 1.3 t imes h igher than 

that of front q u a rters (p = 0.027} .  There was no d ifference in c l in ical mastitis e p isodes 

between left (49.2%} and right quarters (50.8%, p= 0 . 13 .  The ana lysis of q uarter level 

c l in ical  mastitis inc idence in herds and age gro u ps resu lted in s imi lar  patterns as d id  

the  cow-level ana lysis (data not shown} .  

[------·- -- ----·-----···---·-··-······---·------------ .. 
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Figure 3 .4. Numbers of episodes of clinical  mastitis per quarter position. 
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3.4.3 Distribution of mastitis-causing organisms 

M i l k  samp les were col lected from 417 out of 638 cases of c l in ical m astitis {65 .4%) . The 

n umber  and  percentage of different mastitis-caus ing organ isms isolated from these 

sam pl es, at a cow level, a re presented in Tab le 3.3.  The most frequ ently isolates were 

5. aureus (23 .7%), and 5trep. uberis (23.3% of isolates). The d ifference between the 

tota l number of 5. aureus and 5trep. uberis isolations over the season was not 

sign ificant ( p=0.77).  N o  organisms were cu ltured from 27.3% of the samples and mi lk  

sam p les were not col lected from 232 {34.6%) c l in ical  mastitis cases. However, as there 

was n o  d ifference in the p roportion of an ima ls  from which no  causa l  organ ism was 

iso l ated at different stages of lactation, it was considered that the fraction of cl i n ical  

mastit is sa m pled  for cu ltu re or cu ltu re negative was therefore unb iased by stage of 

lactat ion.  

Table 3.3. Total n umber and percentage of  mastitis-causing organism isolates b efore and after re

classification (sampled 417 cows with clinical mastitis) 

Total 

Mastitis-causing organism or Re- nu m ber Per cent of total Per cent of 

not sa m pled classified of isolates number cases isolates 

Not sampled 221 34.64 N/A1 

No growth 174 27.27 41.73 
Staphylococcus aureus 99 15.52 23.74 
Streptococcus uberis 97 15 . 2  23.26 
Coagu lase negative 

staphylococci 16 2.51 3.84 
Mixed growth 8 1.25 1.92 
Escherichia coli 5 0.78 1 .2  
Enterococcus spp 4 0.63 0.96 
Streptococcus 

dysgalactiae 4 0.63 0.96 
Bacillus spp 

OTHER 47 2 7.36 0.31 11.27 0.48 
Corynebacterium s p p  2 0.31 0.48 
Nocardia spp 2 0.31 0.48 
Streptococcus 

agalactiae 2 0.31 0.48 
Acinetobacter spp 1 0.16 0.24 
Micrococcus spp 1 0.16 0.24 
Total 638 100 100 
1

Not a pplicable 

The inc idence of c l in ica l  m astitis, at a cow level, stratified by causative organisms 

(classified as 5. aureus, Strep. uberis or 'Other' )  was not sign ificant ly (p>0.05) 

associated with age grou ps (F igure 3 .  5 )  or  herd. H owever, there was a trend for 
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cl in ica l  mastitis due  to 5. aureus to be more com mon i n  cows �6 years (mean :  0.043, 

95% confidence interva l :  0.028 - 0 .066 cases per 305 cow-days-at-risk) and  lowest i n  

2-yea r  o ld  cows (mean :  0.014, 95% confidence interva l :  0 .005 - 0.042) .  

0.08 • Staoh aureus 0 Streo uberis • Other 

0.07 
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I 0.05 
I 
I 0.04 

: 0 03 
: 
I 
' 0.02 

1 0.01 

I 0 
I 
i 2 
' -
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Figure 3.5. Age related isolation of mastitis-causing organisms in 3765 cows and SE from 14 d airy 

farms in Northland, New Zealand 
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Figure 3.6. Four-weekly average distribution of culture isolates and no sampling from cows with 

cl inical mastitis, excluding cases caused by Staphylococcus aureus or Streptococcus uberis. 

'Week 0' = Day of calving, 'Week 1' = Days 2-7 smoothed over Day 1-7, 'Week 2' = Days 8-14 smoothed 

over Day 1-14, 'Week 3' = Days 15-21 smoothed over 1-21 Days, 'Week 4' = Days 22-28 smooth ed over 

2-28, 'Week 5' = Days 29-35 smoothed over 8-35, etc. 
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By contrast, the c l in ical mastitis case incidence due to 5trep. uberis was highest i n  

2-year o l d  (0.034, 9 5 %  confidence interva l 0.018-0.064) and  in  cows � 5  years (mea n :  

0 .039, 95% confidence interval :  0.02-0.079), and  lowest i n  3 - and 4-year olds (mea n :  

0 .014, 9 5 %  confidence interva l :  0 .005-0.038) .  
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Figure 3.7:  Fou r-weekly moving average of S. aureus (solid line) and Strep. uberis (dashed line) 

isolation (numbers/305 cow-days at risk). 

'Week 0' = Day of calving, 'Week 1' = Days 2-7 smoothed over Day 1-7, 'Week 2' = Days 8-14 smoothed 

over Day 1-14, 'Week 3' = Days 15-21 smoothed over 1-21 Days, 'Week 4' = Days 22-28 smoothed over 

2-28, 'Week 5' = Days 29-35 smoothed over 8-35, etc.; * p<0.05; ( *) p<0.10 

Four  weekly moving averages of the case incidence of cl in ica l  m astitis due to i ndividua l  

mastitis-causing  o rganisms a re p resented in  Figures 3.6 and 3 .7. The pattern of  cases 

due  to 5. aureus a n d  5trep. uberis differed through lactation .  The case incidence of 

5trep. uberis was i n iti a l ly h igh (0.227 cases/305 cow-days-at-risk) and decreased 

rap id ly to a low figure from Week 11 onwards (0.013 cases/305d), whereas the 

incidence associated with 5. aureus was in it ia l ly lower (0.162 cases/305d) than 5trep. 

uberis, decreased to Week 5, but thereafter i ncreased again and remained 

considerab ly h igher  tha n  that of 5trep. uberis during  Weeks 7-14 of lactation 

( F igure 3. 7 ) .  

3.4.4 Removal from supply 

A tota l  of 66 cows were removed from supply from the 14 farms d u e  to mastitis d u ring 

or  at the end of l actation .  Th is represents 1.8% of a l l  lactating cows a nd 11 .8% of cows 

with c l i n i ca l  m a stitis. The n umber of cows cul led for mastitis d u ri ng  or at the end of 

lactation was 8, 1 .4% of the total n umber of cows with c l in ica l  mastitis. 
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3.4. 5 Predictive value of the first available herd test for 

prevention of clinical mastitis by treatment 

Data were ava i l ab le  for 3689 cows. The first ava i lab le  herd test was taken at a mean 

i nterva l of 49. 2  (lOth percenti le :  15 .0; 90th percenti le :  85.0) days after ca lvi ng (D IM) .  

There were 412  cows (11 .2%) with JCSCC �250,000 cel ls/ml a t  the  fi rst herd test. 

D u ri ng  the first 60 days after the herd test, 49 (11 .9%) of these 412 cows with h igh 

ICSCC at first h erd test deve loped c l in ica l  mastitis, and 3193 of 3277 cows (97.4%) with 

a low ICSCC d id  n ot develop c l i n ica l  mastitis. Although h igh I CSCC was a sign ificant 

p red ictor of a subsequent episode of c l in ical m astitis, the positive p redictive va lue  of 

the fi rst ava i lab le  herd test for p red icting c l in ical  mastitis i n  the subsequent two 

months was low (mean pred ictive ab i l ity: 11 .9%, 95% confidence i nterva l :  9 .0-15.5%).  

The n egat ive p red ictive va lue for correctly p redicting the non-occurrence of c l in ica l  

m astitis i n  this two months period was 97.4% (95% confidence i nterva l :  96.8-97.8%).  

The practical consequence is that 4 12 cows wou ld  have to be  treated to have 

p revented a maximum of 49 cases, w hereas another 84 cases wou ld  be expected to 

occur i n  the non-treated group (ass u m i ng that treatment wou ld be 100% successfu l ) .  

An episode of  c l i n ica l  mastitis with in  three weeks before the first ava i lab le  herd test 

i nfl uenced the JCSCC, i nasm uch as most such cows had h igh ICSCC at that test. 

H owever, havin g  had c l in ical  mastitis before the fi rst avai lab le herd test was of n o  

va l ue  for predict ion o f  subsequent c l i n ical mastitis (p>0.05) .  There was no effect o f  age 

on the  resu lts of the predictive va l u e  (p>0.05) .  Both the i ncidence of c l in ical mastitis 

over the  60 day period and the preva lence of h igh I CSCC at the first h erd test d iffered 

s ignificantly (p<O.OOl) between herds .  

3.4. 6 Prevalence of subclinical mastitis 

Data were ava i l able for 3689 cows. Most of the herds (10 o ut of 14) were tested 

4 ti mes;  the others were tested 5 or 6 t imes d u ring the season .  The preva lence of 

subc l in ical mastitis, as determined by the presence of JCSCC �250,000 ce l l s/ml, 

i ncreased sign ificantly from one herd test to another throughout lactation .  New I M is 

(as d efi ned the appearance of ICSCC �250,000 cel ls/m l )  increased over the cou rse of 

lactatio n  in para l le l  with the overa l l  p revalence of subcl in ica l  m astitis. These events 

63 



were independent of the rising background BTSCC that occurred i n  the latter stages of 

l actation . Conversely, the a p parent cure rate for I M I, (as defined by a decrease in 

I CSCC from � 250,000 cel ls/ml to below that figure) was consistently low throughout 

the course of l actation ( F igure 3 .8 ) .  As suggested by a significant (p  <0.001) i nteraction 

between the rate of increase and age, cows 5 and ;::::6 years o ld demonstrated 

increased n ew I M I  rates to 60 and 75%, respectively, whereas in cows aged 2-4 years 

the i ncrease was 2 7-34%. 
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Figure 3 .8. Percentage of high individual cow test day somatic cell counts (SCC�250,000/ml; dotted 

line �) and changes in the percentage of cows with high SCC individual somatic cell counts from low 

to high (P _new; solid l ine 0) and high to low (P _cure; intermittent line �) approximating rates of new 

and cure from subclinical mastitis through lactation. 

3.5 Discussi o n  

This i nvestigat ion o f  the inc idence and tempora l  patterns of c l in ical mastit is and t h e  

d istr ibution of causative o rganisms is  t h e  fi rst such investigation that h as been 

undertaken i n  the N orth l and  region of N ew Zea land .  lt p rovides additiona l  i n formation  

o n  the  estimated p reva lence of  subc l in ical m astitis a n d  on the  va lue of the first 

ava i l ab le  herd test to p redict the development of c l in ica l  mastitis over a s ubsequent 

period of 60 d ays. Resu lts from the p resent study h ave been compared with those 

from s imi la r  investigations in  other regions of the country, in  order to eval uate an  
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opinion he ld  by local veter inar ians that the p atterns of mast itis i n  North l and  differ 

from those observed e lsewhere in the country. 

3.5. 1 /ncidence of mastitis and mastitis causing organisms 

The average n umber of lactating cows i n  the stu dy herds (269 cows) and the ir  average 

yie ld (272 Kg m i l k  sol ids/l actating cow/year) were s imi lar to regiona l  (260 cows; 272 Kg 

mi l k  so l ids/lactat ing cow/year) and nat ional  averages (Anonymous, 2006b) .  As in 

stud ies of mastitis i n  other  regions of New Zea land  (McDougal l  2002a; Parker K. l .  et a l  

2005), o lder cows had a h igher incidence of c l i n ical m astitis than d id you nger a n i ma ls, 

with the lowest i ncidence of c l i nical mastitis i n  first calving and 3-year old cows and 

h ighest in cows 6 years and  o lder (F igure 3 .2 )  . .  Li kewise, the d istri bution of affected 

quarters agreed with p revious reports from New Zealand and elsewhere (Ad kinson et 

al 1993; M i ltenburg et al 1996; McDouga l l  1998a ) .  Each cow had an average of 1 .8  

quarters affected d u ring an  episode of  c l in ica l  m astit is .  There was a h igher inc idence in  

rear (56.2%) than  in front quarters (43 .8%). These fi nding a re in  agreement with 

previous n on-random d istribut ion of quarter  i n fections from New Zea land  and 

elsewhere (McDouga l l  2002a; Ra inard and Poutrel 1984) .  The i ncidence i n  rear 

quarters was not as  high as previously reported (McDougall 2002a) .  

The case incidence of cl i n ical mastitis, on a cow level, due to 5. aureus or 5trep. uberis 

differed between age groups, with the h ighest incidence of 5. aureus isolations  from 

o lder (0.043 cases per 305 cow-days-at-risk) and  lowest from 2-year old cows (0 .014) .  

By contrast, c l i n ical  mastitis associated with 5trep. uberis was s imi lar  i n  fi rst calving 

(0.034) and o lder cows (0.039 and 0.030 in  5 and 6 year o ld cows, respective ly) .  

Perhaps  th is is because older cows have increased susceptib i l ity to mastitis cau sed by 

5. aureus. The increased suscept ib i l ity to 5. aureus i nfection in o lder an ima l s  cou ld  

occur  as  a resu lt of  greater i nd ivid ua l  susceptib i l ity to  develop mastitis due to  a longer 

period of exposure to the organ ism, or  to a decrease in the activity of the d efence 

mecha n isms due to mechanica l damage and slower repair of the mammary t issu es .  

The i nc idence of  c l in ica l  mastitis, on a cow level, cau sed by 5trep. uberis i so lations  was 

h igh d u ring  the first 9 weeks a n d  low towards the end of lactation .  Li kewise, c l i n ica l  

mastit is  due to 5. aureus was more frequent d u ring the first 12  weeks of lactatio n  than  

65 



l ater. However, there was an  i ncrease i n  the proportion of c l in ical mastitis cases due to 

5. aureus d u ring mid to late lactat ion whi le c l in ical mastitis due  to 5trep. uberis 

decreased . This cross-over pattern of c l in ical  mastitis due to these two pathogens is 

consistent with both previous l iterature ( Erskine et al 1988; McDouga l l  2002a) and the 

ma in  characteristic of the two organ isms as primari ly environmental (5trep. uberis) and 

pr imari ly i nfectious (5. aureus) (McDouga l l 1998a; Khan  et a l  2003).  

H owever, p revious stud ies of mastitis-causing organisms from cl in ica l  mastitis cases in  

New Zealand  h ave consistently shown that the majority of  isolates were 5trep. uberis 

and  o n ly a sma l l  p roportion were 5. aureus (McDouga l l  2002a; McDouga l l  and 

Compton 2005; Parker K. l .  et  a l  2005) :  fi nd ings that  a re at  variance with those of  the 

present study. For exa m ple, McDouga l l  (2002a) reported that 40% of isolates from 

herds in the Waikato region of N ew Zea land were 5trep. uberis and  on ly 2% were 

5. aureus. By contrast, in the present study there were approximately equa l  numbers 

of isolates of the two organ isms (5. aureus: 23.7%, 5trep. uberis: 23.3% of cu ltured 

samples) .  The p ro portion of samples from which no causative organisms was isolated 

(Tab le  3 .3 and  F igure 3 .  5) was s imi lar  to that reported previously. 

Thus, it appears that 5trep. uberis i s  less frequent and  5. aureus more frequent i n  

North land  t h a n  e lsewhere i n  New Zealand .  This conclus ion assumes that the selection 

of fa rms and cases selected for isolation were unbiased. In support to this hypothesis 

comparison of n at iona l  and  regiona l  BTSCC trends demonstrated lower va l ues for 

North land  ear ly i n  the season and h igher va l ues later i n  the season that is a typical 

characteristic of  h igher preva lence of the contagious organ isms (Ano nymous, 200Gb).  

lt is possib le  that herd owners who volunteered to participate i n  this study had a 

h igher p roportion of cows with chron ic  5. aureus infect ion than a typical Northland 

herd .  H owever, it a ppears u n l i kely that the h igh relative incidence of 5. aureus was d ue 

to b iased sam p l e  co l l ection and  cu ltu re. The proportion of cases from which m i l k  

samples were col l ected was u n re lated to  farm, lactation stage or  age. Second ly, m i l k  

cu lturing is  more l i ke ly to  demonstrate 5trep. uberis than  5. aureus (Zadoks et a l  2001) 

than vice versa. Third ly, it seems un l i ke ly that the differences between the p resent and 

p revious stud ies  can  be exp la ined with reference to differences i n  e ither herd 

structure o r  i n  ca lv ing seasons because, even though there is a h igher proportion of 
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non-seasonal calving herds i n  North land, none of these herds were inc luded i n  this 

study. 

Neverthe less, even though the proportion of isolates of 5. aureus was h igher in 

North land than elsewh ere i n  New Zealand, Strep. uberis remains an  important and 

significant mastitis-caus ing organism.  Its i m portance has been em phasised in  p revious 

stud ies in  New Zea land (Douglas et a l  2000), especia l ly with regard to heifer  mastitis 

(McDouga l l  and Com pton 2005) .  There has been much d iscussion a bout the 

epide m iology of mastitis due  to this orga n ism in terms of the husba ndry p ract ices of 

pastora l da i rying. Trad ition a l ly, Strep. uberis has been cha racterised as a p u rely 

environ mental mastitis-cau sing organism (McDouga l l  1998a; Khan et a l  2003 ) .  

However, other reports o n  t h e  ep idemiology o f  Strep. uberis mastitis have 

demonstrated intramammary persistence (G rommers et a l  1985; McDouga l l  et a l  

2004), intracel lu l a r  location (Matthews et al, 1994; Ta m i lselvam et a l  2006), i nduction 

of s ubcl in ical mastitis (J ayarao et a l  1999; Khan et al  2003; Zadoks et al  2003 ) a nd the 

pers i stence of a variety of stra ins  (Phuektes et a l  2001; Zadoks et a l  2003), a l l  of  which 

a re cha racteristics of a contagious mastitis-caus ing o rgan ism. 

The i ncidence of mastitis is affected by m any factors inc lud ing management practices, 

cu l l i ng  pol icies, buying of rep lacement stock, dry cow thera py, treatment of c l in ica l  

cases and teat d is infection, as wel l  as the preva lence of mastit is i n  the herd, 

management of c l i n ical and h igh SCC cases, m i l king procedu res, m i l king mach ine 

funct ion and ma intena nce, age structure and,  less probably, the feeding of mastitic 

m i l k  to replacement stock, (Erskine et al 1988; Myl lys et al  1998; Phuektes et al 2001) .  

How these factors expla in the differences observed in  the incidence of major cau sative 

organ isms observed i n  N orth land and in  previou s  reports from Wa ikato (McDougal l  

1998b, 2002a ) is u nc lear. 

3. 5. 2  Recurrence and removal from supply 

The p roportion of cows with repeated cases of mastitis was smal l  ( 10.9% of th e cows 

with mastitis) compared to previous reports from the Northern hemisphere 

(e.g. Wolfova et a l ,  2006: 44 % of cows with repeated cases) .  Interestingly, most of the 

cows which had recurrent c l in ica l  mastitis in this stu dy had  more than one rep eated 

ep isode. 
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Mastitis is considered a major reason for removal of cows from supp ly or permanent 

cu l l ing and is second only to reprod uction as the la rgest involu ntary cu l l ing category 

{Kossa ibati and Esslemont 1997; McDouga l l  2002b; Seegers et a l  2003) .  In the present 

study, a round 12% of the total n u mber of cows that had an episode of mastitis during 

the season were removed from supp ly for the remainder of the season and 1 .4% were 

cu l led .  Approximately 1-3% of cows would be expected to be cul led for mastitis 

(Kossa i bati and Esslemont 1997; Xu and Burton 2003) .  

3. 5.3 Prevalence of subclinical mastitis 

A thresho ld of 250,000 ICSCC/ml was used to d istinguish l ikely infected from l i kely non

infected udders. Based on  this a pproxim ation of ' infection', a steep increase in both 

preva lence and incidence of infections between subsequent herd tests through 

lactation was present. Conversely, assumed cu re rates were a lmost constant and much 

lower than assu med new infection rates. lt was assumed th at, in  the absence of I M I, 

the ICSCC shou l d  not exceed 250,000 cel ls/ml, despite the decrease in mi l k  volume 

towards the  end of  lactation { Harmon, 1994; Schukken et al 2003) .  There i s  no 

i nternational  standard for defin ition of I M I, based on ICSCC threshold.  Recently, most 

authors use a cut-off of 200,000 cel ls/m l .  lt is well known that using this cut-off 

misclassification i s  possib le, part icu larly un-infected cows may be classified as infected . 

And rews et a l  ( 1983), in a n  Austra l ian based study, reported most satisfactory resu lts 

with us ing threshold of 250,000 cel ls/ml cut-off. Add itional ly, some authors from 

elsewhere (for examp le  Ra inard et al 1990) h ave reported that average geom etric 

mean of ICSCC in bacteriologica l ly u n-infected quarters was more than 200,000 

cel l s/ml, particu larly when major mastitis-caus ing organisms are most prevalent (for 

examp le  Schepers et al 1997) .  Therefore, to be ab le  to d isti nguish between infected 

and u n-infected cows and redu ce the d iagnostic error, according to Schukken et a l  

{2003), cut-off of  approxim ately 200,000 to  250,000 cel ls/ml is  optima l .  Thus, i n  the 

present study a conservative threshold of 250,000 ICSCC/ml was e lected . Based on  this 

assu m ption, it was demonstrated that most assumed new I M I  that occurred after the 

first herd test rem ained su bcl in ica l  because the i ncidence of c l in ica l mastitis decreased 

whi lst that of I M I  increased.  This fi nd ing is consistent with the pattern of 5. aureus in 

caus ing more su bc l in ical than c l in ical mastitis (Jayarao et al  1999; Khan et al 2003; 
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Zadoks et a l  2003). Even though I CSCC increase with the age a n d  stage of lactation ,  

the high preva lence of  ICSS >250,000 ce l l s/m l in the second ha l f  of  lactation i n  the 

present stu dy suggests that many infected cows remai ned i n  the m i l king herd and 

were a source of infection for other n on-i nfected, susceptib le cows (Harmon, 1994). 

3. 5.4 Predictive value of the first available herd test for the risk 

of clinical mastitis 

Farm ers and veterinarians might wish to use ICSCC of the first ava i lab le  herd test for 

the prevention of cl in ica l mastitis by treating sub-cl in ical m a stitis. Reports from 

num erous studies have demonstrated that treatment d u ring lactation, based sole ly on 

ICSCC i s  i m p ractical (for examp le Ti mms and  Schu ltz 1984, Rose et a l  2003 etc) .  The 

present resu lts suggest that for every 12 cows treated because of h igh ICSCC at herd 

test, on ly one would have d eveloped c l in ica l  mastitis in  the fol lowing 60 days. lt wou l d  

be h a rd t o  demonstrate economic  benefit o f  such a measure.  However, expected 

ben efits m ight incl ude the reduction  of transmission of contagious udder pathogens 

such as  5. aureus, in  add it ion to p ossibly preventing u p  to o n e  third {49 out of 133 

cases) of c l i n ica l  mastitis in  the next 60 d ays in m i l k  ( inc lud ing costs of d iscarded m i l k, 

extra l abour, and drugs). A substa ntial  economic impact might b e  achieved thro u gh the 

red u ction of transmission rates. The h igh observed rates of assumed new infection 

com b ined with h igh preva lence of  subcl in ical mastitis towa rds the end of l actation 

suggest that the selection and removal of cows infected with contagious pathogens 

has g reat p otentia l  in redu cing loss from su bcl in ical infection. 

3.6 Conclusions 

This  study d escribed the inc idence of cl i n ical and subcl in ica l  mastitis, its association 

with lactation  stage, age and herd ,  and the re latively h igh i mportance of Strep. uberis 

and 5. aureus in 14 seasonal ly ca lving da i ry fa rms in  North land,  New Zea land .  lt i s  

stron gly hypothesised that these two pathogens cause sign ificant economic losses to 

the d a i ry i n dustry in this region. Further study shou ld eva l uate risk factors for c l in ica l  

mast it is, m easure the p reva lence of subcl in ical  mastitis and associated pathogens 

more a ccu rate ly, and use these a nd future fi nd ings to est imate the economic effects of 

mastit is a n d  its control i n  this region . 
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4.a Introd ucti on to the study used to p rovide data fo r 
analysis of prod ucti o n  effects 

The d ata ana lysed i n  this study were i n it ia l ly generated by Ceci l i a  Fernandez d u ring  the 

an ima l  p hase of her i nvestigations on "The  effect of external teat sealants on mastitis 

i nc idence d uring the dry period under experimental cha l lenge with Streptococcus 

uberis. " (M aster of Appl ied Science thesis, submitted, 2007) .  The data u sed i n  the 

present study were extracted from the regu lar herd tests i n  the fo l lowin g  lactation 

from the farm that was used in her study. 

The work of Fernandez was u ndertaken to assess the efficacy of two d ifferent 

substances used at dryi ng off as externa l  teat sealants in prevention of I M I  fo l lowing 

experim ental chal lenge of the teats with Streptococcus uberis i n  the early dry period. 

The products used for sea l ing teats were based on a commercia l ly ava i l ab le  teat 

sealant (tetrahyd rofuran :  DryFiex) and on a wou nd sealant for use in h u mans  (2-

octylcyanoacrylate: Band-Aid ) .  

Her study was cond ucted based on the fo l lowing: 

1. There are two main  periods of high susceptib i l ity to mastitis d u ring the dry 

period, namely the periods of active i nvo lution and colostrogenesis. 

2.  From the 1960s the use of d ry cow therapy antimicrob ia ls  has been p ract iced i n  

order to el im inate existing a n d  p revent new I M I  duri ng t h e  d ry period . 

3 .  Th e extensive use of  ant im icrobia ls  to treat and control mastitis h as 

consequences for h uman hea lth, through an  i ncreased risk of i ntroduc ing 

resid ues i nto the food chain and the emergence of antimicrobi a l-resistant 

organ isms. 

4 .  Non-antibiot ic means for the treatment and prevention of mastitis h ave the 

potentia l  to create widespread benefits from reduc ing the need for a nt ib iotics. 

One h u nd red and  seventy five cows with four  fu nctional quarters, low ICSCC and  no 

evidence of c l in ica l  mastitis were enrol led in the study, a few d ays prior to d ry-off. 

S ingle-q uarter mi l k  samples were taken for microbiological  cu ltu re, fou r  and o n e  days 

before dry-off, and a gain on two occasions with in  four  days after ca lvi ng.  At dry ing off, 
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enrol led cows were sp l it i nto two groups, with 88 cows receiving mod ified "DryFiex", 

external  teat sea lant ava i l ab le  on the USA market, and 87 receiving "Band Aid", l iqu id  

bandage, i n  two contra- latera l quarters ( i .e. LF  and  R H ), whi le  the other two q uarters 

were left as un t reated controls. A l l  cows were cha l lenged on two occasions with a 

b roth culture of Strep uberis, by d ipp ing a l l  quarters, two and four  days post d ry-off 

and  treatment. Assessment for c l in ical mastitis was su bsequently performed d a i ly o n  

a l l  quarters. 

The results from th is  study  demonstrated that the highest frequency of mastitis 

occurred b etween Days 6 a n d  11 after dry-off and treatment. After adjust ing for the 

effects of treatment and i n d iv idual  cow-level, the da i ly  hazard of c l in ical m astitis in  

cows ident ified as  i nfected at dry-off was 1 .64 {95% C l  1 .10 to 2.44) t imes that of 

u n infected cows. Mod ified DryFiex provided p rotection against the bacteria l  cha l lenge 

for 50% of the q u a rters for fou r  days. At the group  l evel, there were 35 CM events out 

of 176 treated q u a rters with modified D ryFiex, com pared to 83 events i n  the u ntreated 

q u a rters {176) .  For the Band Aid treated group, 67 CM events occurred in 174 treated 

quarters, comp a red to 64 events in the untreated quarters {174). 

Based on the resu lts from th i s  study it was concluded that the app l ication of D ryFiex at 

d ry ing-off was benefic ia l  in  reducing mastitis caused by Strep. uberis cha l lenge. 

Contrari ly, the use of Band a i d  at d ry-off had no benefit in reduc ing the inc idence of 

mastitis fol lowin g  two exper imental Strep. uberis exposures. 

All of the cows that deve loped c l in ica l  mastitis were treated (with ant imicrobials 

i ntramammari l y  or systemica l ly when al l  fou r  quarters affected) p romptly, resu lt ing in 

a c l i n ica l  cure with in  {3-4) d ays. 

This study gen erated a substant ia l  group of cows that had had a b rief period of c l in ical  

mastit is in their early d ry per iod.  As most of these cows { 165) rema ined i n  the herd for 

a further lactat ion, the opportun ity was p resent to eva luate various parameters of 

the i r  l actat iona l  performance.  This was undertaken, as d escribed in the remainder of 

th is  chapter, by comparing  the performance of cows that developed m astitis with 

those that d id  n ot .  
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4. Effects of Experi menta l ly In d uced a n d  Treated Streptococcus 

uberis Mastitis Ea rly i n  the D ry Period on Prod uction i n  the 

Subseq uent Lactation 

4.1  Abstract 

The effect of experimenta l ly induced cl i n ical mastitis in the early dry period ( EDPCM) 

u pon the mi lk p roduction in the subsequent lactation was exami ned. An ima ls  with low 

somatic cel l  counts at herd test (n=165) were experim enta l ly exposed to Streptococcus 

uberis in their early dry period i n  an efficacy study of two external  teat sea lants. 

Anim a ls that developed EDPCM after ch a l lenge (n=127) were treated with an a ntib iotic 

after o bservation of cl inical m astitis. Tota l  l actat ion yie lds of m i l k, fat, protei n a n d  m i l k  

so l ids were ana lysed with respect to  treatment group (fixed effect) a n d  the 

covar iab les: ca lving  week ( l inear), pa rity ( l i near  and quadratic) and proport ion of 

Holstein-Fr iesian genes ( l inear) .  For an ima ls  that suffered EDPCM and those that did 

not, there was no d ifference in p roduction (m i l k  yield ;  5126 vs. 5010 l itres, fat yie ld;  

267 vs.  264 kg, protein yield ;  182 vs. 179 kg) .  lt was concluded that promptly t reated 

EDPCM due to Strep. uberis d id  not affect production in the su bsequent lactation .  

4.2 Introd uction 

Bovine m astitis i s  one of the most economica l l y  im portant d iseases affecting  the  da i ry 

cattle  industry internationa l ly (Hortet and Seegers 1998; Seegers et a l  2003). M astitis 

was est imated to have cost the New Zea land da iry industry a round  N Z$ 180 

m i l l ion/year in 2005/06 (Anonymous 2006) .  M any factors have been associated with 

the cost of mastitis, includ ing stage of lactat ion, p regnancy status, p rior  yie ld,  mastitis 

causing organism, severity, d i agnosis (ea rly or late after occurrence), treatment and 

recurrence of m astitis .  The main factor (70-80% of a l l  losses) is reduced m i l k  yield . 

Moreover, as the pathogenesis of mastitis resu lts in  irrep laceable loss of secretory 

tissue, th is  loss of m i l k  y ie ld can be permanent (Benites et al 2002} .  

Short-term depression i n  mi lk yie ld occu rs when cows develop  mastitis d u ring 

lactation, with more severe losses occurri ng  if it occurs early in lactation and there is a 

fai l u re of microb ia l  cu re or  when the effects of the mastitis carry over into su bsequent 
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l a ctations ( Houben et a l  1993; Hortet and Seegers 1998; Raja la-Schu ltz et a l  1999). 

Adverse effects on m i l k  com position (Seegers et al 2003) increase economic losses. 

P roduction effects of c l in ical mastitis resu lt from both short- and long-term decreases 

in mi l k  p roduction, particularly associated with chronic mastitis (Sm ith et al  1968; 

F etrow et a l 1991;  Raja la-Schu ltz et al 1999) .  

Less is known a bout the effects of c l in ica l  mastitis during the d ry period, on mi lk  

p roduction i n  s ubsequent lactations. The dry period is  an important part of  the 

l actationa l  cycle d u ring which the m a m mary gland prepares for the next lactation .  

C l in ical  m astitis d u ring this period may slow the process of mammary tissue 

remodel l ing, thereby adversely affecting m i l k  yie ld in the subsequent lactation .  

Streptococcus uberis i s  the most significant cause of cl inical bovin e  m astitis in New 

Zealand and Austra l ia  (Pankey et a l  1996; Douglas et a l  2000; Phuektes et al 2001; 

M cDouga l l  2002) where the da iry industry is  p redominantly pastu re based . 

I nformation is l ack ing about the effects of c l in ical  mastitis in the early d ry period 

( EDPCM) on m i l k  p roduction in the subsequent lactation.  A p reviously cond ucted study 

with different o bj ectives p rovided an opportunity to further understand any impact of 

treated Strep. uberis mastitis on p roduction parameters in the fo l lowing lactation . I n  

th i s  post hoc a n a lysis, the  effects of  experimenta l ly induced and p romptly treated 

Strep. uberis c l i n ica l mastitis early in the dry period on m i l k  p roduction in the 

subsequent lactation have been ana lysed .  

4.3 Mate ri a l s  and m ethods 

4.3. 1 Animals and experimental design 

A total of 175 cows (Holstein-Fries ian (HF )  and H F-Jersey crossbreds )  were selected 

from the M assey Un iversity #4 herd, located i n  the Manawatu Region of N ew Zealand 

to p a rticipate i n  a p rospective, randomised, contro l led fie ld tr ia l  of the efficacy of two 

external teat sea lants. Ten cows were exc luded from analysis i n  th is  study due to 

missing product ion data, leaving 85 cows (modified DryFiex)  and 80 ( i nvestigationa l  

external  teat sea lant) .  The herd was managed at  pastu re, with supplementary 

hay/si lage as requ i red. Selection criteria for cows in this trial were : 

80 
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( i i )  four  functiona l  quarters a nd, 

( i i i )  no cl in ical  signs of mastit is  or teat abnorma l ities at enrolment. 

Al l  an ima l  manip u lations were approved by Massey University An ima l  Eth ics 

Comm ittee (M UAEC 04/165 ) .  

4.3.2 Challenge protocol 

The Strep. uberis stra in  used for the chal lenge was in it ia l ly isolated by Douglas et a l  

(2000) in  the Horowhenua d istrict, Wel l i ngton region, phenotypica l ly  identified as 

99.9% p robable to be Strep. uberis, by means of biochemical  tests, and kept frozen at -

80QC at the Institute of Veterinary An ima l  and Biomed ical Sciences M icrob io logy 

Laboratory. Al l  cows were exposed to the cha l lenge broth on two occasions, two and 

four  d ays after dry off, by d ipp ing of each teat, entirely, for 1-2 seconds in  a suspension 

of 1 . 15x108 cfu/ml of the cha l lenge stra in .  

4.3.3 Milk sampling 

Qua rter mi lk  sam ples were aseptica l ly col lected, fo l lowing National  Mastitis Counci l  

(NMC) recommendations (and stored on ice)  before morning mi l king on 4 occas ions :  

( i )  4 days befo re d rying off, 

( i i )  one day before drying off, 

( i i i )  the day of ca lving and, 

( iv)  3-4 days postpartum .  

Sam p les were subjected to routine m icrobiologica l cu ltu re and examination o n  t h e  day 

of  co l lection fol lowing N M C  recom mendations. 

4.3.4 Clinical assessment and treatment 

Al l  q u arters were exam ined d a i ly by an experienced d airy techn ician for the p resence 

of m a stitis from the time of the first exposu re u nti l  29 days later. I nd ivid ua l  q u a rters 

were observed a n d  pa lpated for' the c l in ica l signs associated with mastitis, i . e. h eat, 

swel l i ng, redness, pa infu l quarter/s and if requ i red, by an examination of the secret ion.  

Each quarter was subjective ly j udged as mastitic o r  non-mastitic accord ing to the 

above criteria. M astitic quarters were sam pled for microbiological cu ltu re before 
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treatm ent was i n itiated.  After sampl ing each affected quarter was treated as for 

lactat ing cow c l i n ical mastitis with penici l l i n  based a ntibiotics as p rescribed on the 

labe l .  

4.3.5 Statistical analysis 

Total  yie lds of m i lk, fat and  p rotein were estimated from herd-test data d u ring  the 

p rodu ction season (2005-06}, which is the season after the Strep. uberis cha l lenge. 

Somatic cel l  score (SCS) was calcu lated as n atura l  log (somatic cel l  count +1) for each 

herd-test record.  

Statistica l ana lyses were performed using SAS (Statistical Ana lysis System, vers ion 9 .1; 

SAS I n stitute I nc . ,  Cary, N C, USA). Frequencies of EDPCM between treatment groups 

were compared using Fisher's  exact test. 

Tota l  lactation y ie lds of m i l k, fat, p rotein and m i l k  sol i ds and  average SCS were 

a na lysed with the  M I XED procedure using a l inear  model that considered the fixed 

effects of treatment group  (mod ified DryFiex and investigat ional  external teat sealant), 

EDPCM occurren ce (cows that suffered EDPCM and those that did not), their  

i nteraction and the covar iab les calving week ( l inear), pa rity ( l inear and quadratic) and 

proportion of Ho lstein -Fr ies ian genes ( l inear) .  Least squares and their  standard errors 

were used for m u lt ip le com parisons. 

4.4 Resu lts 

4.4. 1 Early dry period mastitis occurrence 

After Strep. uberis exposure, 127 of 165 cows developed early d ry period c l in ica l  

m astitis (76.97%).  Sixty fou r  of 85 (75.29%) that developed EDPCM were from 

modified DryF iex and  63 out of 80 (78.75%) from the investigat ional  externa l  teat 

sea lant group.  The difference between grou ps was not s ign ificant (p=0. 13) .  

Milk production parameters 

M il k  p roduct ion data and  SCS are given in Tab le  4. 1.  There was no difference i n  m i l k  

yield, fat or p rotei n  p roduct ion between cows that suffered EDPCM and those that d id  
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not. There was a statistica l ly sign ificant d ifference (p<O.OS) i n  the SCS observed i n  cows 

that suffered EDPCM and those that d id  not. 

Th ere was no d ifference in the m i l k  prod uction parameters between treatm ent 

grou ps .  

Ta ble 4 . 1 . :  least squares means and standard errors o f  milk production and somatic cell score (SCS) of 

cows affected and not affected with clinical mastitis in the early dry period 

Group 

Affected 
(EDPCM)1 

Unaffected 

Days in milk M ilk yield (L} 

277.6 ± 1.4 5126.8± 73 

275.4 ± 2 .7 5010.2± 135.9 

1 early dry period c l in ical mastitis 

4.5 Discussion 

Milk solids yield 

(kg) Fat yield (kg) 

449.5± 6.5 267.1± 4.2 

443± 12 264.3± 7.8 

Protein yield 

(kg) scs 

182.4± 2 . 5  4.45± 0.07 

178.6± 4.7 4. 17± 0 . 1 2  

The b ovine m a mmary gland i s  part icu larly susceptib le  to new infections early a n d  late 

in the d ry period, due to i nvolut ion and colostrogenesis respective ly (Brad ley and 

Green 2004) .  The pathogenesis of  mastitis inc ludes, in  some cases, damage to 

secretory tissue  and its replacement with fi b rous tissue, lead ing to a permanent 

decrease i n  m i l k  yield from the affected quarter (Ben ites et a l  2002) .  lt is p robab le  that 

part of the decrease i n  m i l k  p ro duction seen when cl in ica l  mastitis occurs d ur ing 

lactation i s  due  to an i ncreased demand for energy by the immune system, a 

decreased appetite associated with the inflammatory p rocess and  lowered feed intake 

due to pain and decreased mob i l ity (Petrovski et al 2006) .  These factors m ay a lso 

infl u e nce the n ormal i nvol ution of the bovine mamm ary g land after drying off. If the 

norma l  i nvolution is affected there is a possib i l ity of decreased m i l k  produ ct ion in the 

subsequent lactation. 

P revious stud ies reported less tha n  20% mi lk yie ld losses i n  s ubseq uent-' actations for 

cows affected with cl i n i ca l  mastit is ( Fetrow et al 1991; Houben et al 1993; Hortet and 

Seegers 1998) .  I n  the p resent stu dy, no sign ificant effect of i n duced and treated Strep. 

uberis mastiti s  soon after d ryin g  off was found  i n  cows upon  subsequent lactation 

yie lds .  
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Reasons that the resu lts of the present study differ from earl ier investigations are not 

read i ly apparent. Poss ib i l ities inc lude the organ isms i nvolved, t ime of i nfection, natu re 

and p athogenesis of the intramammary i nfection ( I  M I )  and the duration of the c l in ica l 

mastitis ep isode. All p revious reports were based on the natura l  occu rrence of  c l in ica l 

mastitis d u ring l actation,  wh i le  i n  the present study, c l in ical mastitis was induced by a 

cha l lenge occurring in  the early d ry period .  I n  natu ra l ly occurring infections the 

num bers of causative organ isms are general ly lower than in chal lenge cond itions .  The 

deve lopment of n atura l ly acq u i red c l in ica l mastitis is genera l ly s lower and c l in ica l  form 

is not a lways a n  o utcome.  lt is possib le that a longer duration in such circumstances 

a l lows damage to extended areas of the bovine m a mmary gland., In this expe riment, 

the high n u mbers of causative organisms in  cha l lenge conditions may have easi ly 

overcom e  the d efence m echanisms of the bovin e  udder, causing an  acute c l in ical 

mastitis e pisode.'AII EDPCM ep isodes in the present study were promptly d iagnosed 

and treated .  Ear ly detectio n  and  treatment of c l in ica l  mastitis genera l ly resu lt in  h igher 

probabi l ity of cure than treatment of chron ic  infections (M i lner et a l  1997; du Preez 

2000) as was demonstrated for Staphylococcus aureus (Sol et al 1997). This experiment 

suggests that pro m ptly treated Strep. uberis c l i n ical  mastitis episodes in early lactation 

do not affect m i l k  production parameters in the fol lowing  lactation 

/ In fie ld cond ition s, the infections occurring during the early dry period are more l i kely 

to be caused by m ixed m icrob ia l  flora (Brad ley and Green 2004). In the present study, 

c l in ical  mastitis cases were caused by Strep. uberis on ly. Some mastitis-causing 

organisms have b een associated with a more profound impact on mi lk  y ie lds than 

others, for exam p le:  G rohn  et a l  (2004) reported that S. aureus, E.  coli, Klebsiella spp., 

and "no pathogen iso lated"  among prim ipara, and Streptococcus spp. ,  5. aureus, A. 

pyogenes, E. coli, and Klebsiella spp.  i n  older cows, caused the greatest losses; H ence, 

wh i le  the present  study shows that pure Strep. uberis infections in the early d ry period 

that were identi fied and  treated do not appear to resu lt in permanent changes to 

lactation yie ld, i t  m ay not reflect the fie ld situation in which mixed infections  may be 

present a n d  wh e re such rap id  identification and treatment is un l i kely As expected, the 
I 

d ifferen ces between the SCS between  cows that suffered EDPCM and those that d id 

not were signifi cant, due to the increased i nfl ux  of wh ite b lood cel ls post IMI  in  each of 

the affected q u a rters (Raja la -Schu ltz et al 1999; Ben ites et al 2002). 
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4. 6 Conclusions 

Resu lts of th i s  study ind icate that EDPCM due to Strep. uberis, when prom ptly treated, 

d i d  n ot affect production in the subsequent lactation .  This is probably because  the 

short duration of the new I M is did not a l low a permanent damage to the m a m m ary 

secretory tissue to occu r. As a majority of new I M is occur in the fi rst wee k  after 

ca lving, it may p rove beneficia l  for farmers to pay more attention to checki n g  for 

c l i n i ca l  mastitis d uring the ea rly dry period . 
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5 . 1  Gen eral  d iscussion 

Bovine mastitis is rega rded as the most costly prod uction d isease to the da i ry i n d ustry 

worldwide. The economics of mastitis possib ly  should be add ressed at the fa rm or 

h erd level, si nce it  depends on loca l, regional ,  ep idemiological, managementa l  and 

p revai l ing economic cond itions. Estimating the tota l costs associated with mastitis is 

notoriously difficult. When considering the cost of any d isease, it is necessa ry to keep 

in m ind that every d isease has d i rect and ind i rect costs. Direct costs and expenses a re 

usua l ly the ones most read i ly  comprehended by the fa rmer. Ind irect losses d ue to 

mast itis a re not perceived by the fa rmer in m any cases and it is even more d iffi cu lt to 

q u antify the losses associ ated with SCM si nce these are not readi ly vis ib le .  This l ack of 

vis ib i l ity m ay expla in why the i m plementation of mastitis control measures is d ifficu lt. 

Continuous education on this matter is necessary. Some of the  costs and expend itu res 

d u e  to mastitis a re easy to calcu late and they shou ld be inclu ded in research p rojects 

dea l i ng with the model l ing of the econom ics of the d isease. However, some of the 

costs are not read i ly q u antified, such as cases of human d isease and farmers' stress. 

The pri mary objectives of this thesis were (a) to describe factors associated with the 

costs of bovine mastit is, (b)  to investigate one of the pre req uisites for esti m ating 

losses due to mastitis - the incidence of cl in ical  mastitis - and (c) to investigate the 

effects of mastitis i n  the ear ly d ry per iod on m i l k  produ ction in  the subsequent 

lactation when it was promptly t reated . 

Wh i le  considerab le  resou rces have been i nvested in  qua ntify ing the economic effect of 

bovine  m astitis, l ittle attempt has been made to understan d  the factors that 

contribute to it, particu la rly with regard to the incidence of c l in ical m astitis in New 

Zea land or to the effects of mastitis in  the early d ry period u pon subsequent m i l k  

p roduction . The lack of  knowledge in these two instances was confirmed in  the 

l iterature review of factors associated with the costs of bovine m astitis (Petrovski et  a l  

2006). 

P revious  studies on the incidence of CM in N ew Zea land have been undertaken in the 

Waikato region, but no such data exist for the North land  region. Based . o n  the 

hypothesis that the pa rticu lar  circumstances of the da i ry industry in  North land wou ld  
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give rise to d ifferent patterns of mastitis to those observed elsewhere i n  New Zea land, 

a study of the i nc idence of bovine  mastitis and a descri ption of the aetiology and  

d i str ibution i n  l actation of  organisms causi ng mastitis i n  North land was conducted . Th is 

stu dy confirmed the importance of stage of lactation, age and  herd on CM inciden ce 

a n d  the d istribut ion of the occurrence of M COs. A strik ing d ifference i n  the proportion 

a n d  the i nc idence i n  stage of lactation of the ma in  MCOs was demonstrated when 

com pa red to the p revious reports from elsewhere in New Zea land .  Additiona l ly, a 

d ifference i n  the  inc idence of CM d u ring l actation was registered, be ing h igher tha n  

reported i n  t h e  p revious Waikato-based stu dies. l t  is un l i kely that th is d ifference i s  due  

to  m ethodology for, i n  the  p resent study, as to previous work, the  i ncidence of  CM was 

determined by fa rm personne l  record ing  the identities of affected cows. The average 

i nc idence of CM was 0.19 cases per 305 cow-days at-risk. The inc idence i n  rea r  

qua rters was 1 . 3  t imes h igher than i n  front quarters. The incidence of CM and numbers 

of affected q u a rters was s ign ificantly infl uenced by the  stage of lactation (h igher i n  

ea rly lactat ion), age (h igher i n  o lder cows) a n d  herd. Th i s  study demonstrated a h igher  

i ncidence of  contagious sta p hylococcal I M is i n  CM ep isodes from North land, when 

com pa red with fi n d ings from other regions of New Zea land .  

Su bc l in ical  mastit is p reva lence was  determined as the presence of h igh ICSCC 

(�250,000 cel ls/mL)  d u ring routine herd testing. lt was assumed that, in the a bsence of 

I M I, the ICSCC shou ld not exceed 250,000 cells/m l, despite the decrease i n  mi l k  

vol u m e  towards the  end of lactation.  The est imated prevalence of subcl in ica l  mastitis 

stead i ly i ncreased through the season ( i .e .  from calving to dry-off) . Conversely, self

cure rates were a lmost constant and  m u ch lower than  new i nfection rates. The 

i ncid ence of CM after the fi rst herd test decreased whi lst that of I M I  i ncreased, 

demonstratin g  t h at most new I M I  rem ained subcl in i ca l .  This find ing is consistent with 

the pattern of 5. aureus in caus ing more s ubcl in ical than c l in ica l  mastitis (J ayarao et a l ,  

1999; Khan et a l, 2003; Zadoks et a l ,  2003) .  The h igh p revalence of h igh ICSCC i n  the 

second  ha lf of l actation in the  present study suggests that many infected cows 

rem a ined i n  the  m i l ki ng  h erd and  p robab ly were a source of new i ntramammary 

i nfect ions for oth e r  non- infected, suscept ib le cows. 
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M any farmers and veter inar ians q uestion the usefu lness of herd test data to i n d icate 

treatments to prevent c l in ica l  mastitis i n  the period between two herd tests. Resu lts 

from the p resent study do not support the use of treatment based on the 

identifi cation of high ICSCC i n  herd tests as a means of preventing subsequent c l i n ical  

m astitis. However, the possib i l ity of a decreased transmissio n  rate and th us, an 

i ncrease i n  the predictive va lue  of treatment based on herd test resu lts in  herds with 

contagious mastitis prob lems ( i .e .  5. aureus, and  Strep. aga/actiae}, should n ot be 

ignored, provided that treatment is efficacious and that the fi rst herd test resu lts are 

ava i l able in the first third of the season (for examp le, Barlow et al, 2005; Schu kken et 

a l, 2007}.  I n  the case of environmental causative organ isms, the economic benefit of 

the p redictive va lue of the first ava i lab le  herd test for p revention of CM by treatment 

i s  negl igib le .  

The most vis i b le aspect of the losses and costs associated with bovine mastitis are 

those due to CM.  The resu lts of th is study ind icate that CM is common on the sam pled 

da i ry fa rms; therefore, it seems l i kely that CM is a reason for sign ificant economic 

losses to the da i ry industry i n  th is region . Economic effects of CM wi l l  be influenced by 

treatment cost, d iscarded m i l k, decreased mi l k  production, temporary or permanent 

removal of cows from supply and  other factors l i sted in the review of the costs of 

mast itis inc luded in this thesis (Chapter 2} .  

M astitis is a major reason for temporary remova l of the cows (e .g. by p remature d rying 

off or transfer to being a n u rse cow} from supp ly or  permanent cu l l i ng. F inanc ia l  losses 

at the farm level due to cu l l i ng  for mastitis can be attri buted, at least in part, to the 

loss of futu re income and  gen etic potentia l  (Holdaway 1990; H i l le rton et al 1992; 

Cu l ler 1993; Al lore and Erb 1998}. Such economic effects of mastitis are exacerbated 

by the loss of m i l k  yield from cows that a re temporari ly removed from supp ly for the 

rema inder  of a lactation .  N ew Zea land fa rm m anagement practices a re often 

i nfl uenced by the mi lk  q u a l ity requ i rements, with the result that farm managers often 

decide to remove cows with h igh ICSCC from supp ly for the remainder of the sea son as 

pa rt of the m i l k  qua l ity m anagement. In the present study, both the number of  cows 

temporari ly removed from supp ly ( i .e .  for the rema inder  of the season }  a nd the 

n u m ber cu l led were ca lcu lated . Th is approach has not been taken previously, as  earl i e r  
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stud ies have o n ly taken i nto accou nt permanent removal from supp ly (cu l l ing) .  I n  the 

cu rrent study approximately 12% of cows with one or more episodes of mastitis d u ring 

the season were removed from supply, whi lst the percentage of cows permanently 

removed from the herd ( 1 . 2%) was s imi lar  to previous  reports (1 to 3%: Kossaibati and 

Esslemont 1997; Xu and Burton 2003) .  Therefore, based on the h igher incidence of CM 

in North l and  and  the d ifferences of removal from supp ly for the remainder of lactation 

vs. cu l l i n g, it is n ot unreasonable to suppose that estimated costs of mastitis in N ew 

Zea land of $ 180 m i l l ion p er year (Anonymous 2006) are l ikely to be u nder-estim ated . 

The ma in  factor causing eco n omic losses from both cl i n ical and  sub-cl in ica l mastitis is a 

more or less persistent decrease i n  m i l k  yield .  Streptococcus uberis is currently 

considered to be  the most p reva lent cause of bovin e  mastiti s  i n  the pastu re-based 

da i ry ind ustry of New Zea land  (Pankey et al 1996; Douglas et al  2000; M cDougal l  

2002a), so an est imation of the i m pact of mastitis cau sed by this organism u pon m i l k  

p roduction is of nationa l i nterest. Add itiona l ly, I M is  caused by  Strep. uberis are of 

growing con cern to da i ry p rod ucers throughout the world due to the relative 

i neffectiveness of current m a stitis control p rocedures to prevent and control m astitis 

caused by th is  o rgan ism. Long-term effects of CM on mi l k  yields have previously been 

identified as an a rea that needs more attention from research ( Petrovski et a l  2006) . 

S im i larly, few d ata exist o n  the  effects of CM on m i l k  p roduction, when it occurs duri ng 

the dry per iod.  However, resu lts from the second study ind icate that CM due to Strep. 

uberis in the early dry period d id not affect produ ct ion i n  the subsequent lactation, if 

promptly treated, probably because the short duration of the new I M Is d id not cause 

permanent damage to the  mammary secretory t issue .  As the majority of new I M is 

occur  i n  the first week after ca lving  it was concluded that farmers should be 

encouraged to pay close attention to the occu rrence of cl in ical  mastitis i n  the early d ry 

period. 

A n u m ber of avenues for fut u re research have been identified as a resu lt of the work 

contained in th is  thesis. The ab i l ity to determine  the real cost of mastitis to the da iry 

i ndustry depends  on a d eta i led and u p-to-date d escription of the preva lence and 

i nc idence of bovine mastitis and the geographic d istrib ution of causative organ isms at 

a n ationa l  l evel . As reported i n  this thesis, there are d ifferences in the CM i nc idence 

92 



and  the frequencies causative orga nisms isolation i n  Northland, from p revious studies 

u ndertaken i n  the Waikato. lt thus m ay be considered inappropriate to take reports 

from one region as being i nd icative of nationwide situation. If this is the case, the 

ta rget popu lation for future stud ies shou ld be nationwide da i ry fa rms and n ot be 

l im ited to fa rms from one region. Rest ricting a study to da i ry catt le from one region,  i n  

an  attempt to  reduce extraneous  sources of vari ab i l ity has its merits in  research 

sett ings. However, the development of a national approach wou ld  a l low a var iety of 

benefits to be achieved in the same observationa l  framework. If such futu re stud ies 

a lso su rvey the epidemiological  factors that regulate the i ncidence and affect the costs 

of mastit is, sign ificant benefit wou ld  accrue to the da i ry i ndustry of New Zea land .  

A deta i led, u p-to-date, description of  the p reva lence and incidence of bovine mastitis 

and  spatia l  d istr1bution of causative organisms and  their  genetic d iversity in N ew 

Zea land wou ld  a lso provide usefu l background information for fu rther deve lopment of 

the SAM M  P lan mastitis control p rogramme .  

Current ly, there i s  no standard ised methodology i n  the  col lection of  data o n  the  

inc idence of  bovine mastitis, or on its record ing and  report ing at n at ional  level .  lt i s  

strong ly recommended that con sideration be given to  the development of  a 

centra l ised system for record ing  bovine mastitis, si nce it wou ld  be of consid erable 

benefit to the da i ry i ndustry i n  being able to document CM inc idence in a standa rd ised 

format.  
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