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ABSTRACT

Clinical mastitis (CM) is one of the most frequent and
costly diseases in dairy cows. A frustrating aspect of CM
is its recurrent nature. This review was conducted to
synthesize knowledge on risk of repeated cases of CM,
effects of recurrent CM cases, and risk factors for CM
recurrence. A systematic review methodology was used
to identify articles for this narrative review. Searches
were performed to identify relevant scientific literature
published after 1989 in English or French from 2 data-
bases (PubMed and CAB Abstracts) and 1 search plat-
form (Web of Science). Fifty-seven manuscripts were
selected for qualitative synthesis according to the inclu-
sion criteria. Among the 57 manuscripts selected in this
review, a description of CM recurrence, its risk factors,
and effects were investigated and reported in 33, 37,
and 19 selected manuscripts, respectively. Meta-analysis
and meta-regression analyses were used to compute risk
ratio comparing risk of CM in cows that already had 1
CM event in the current lactation with risk of CM in
healthy cows. For these analyses, 9 manuscripts that re-
ported the total number of lactations followed and the
number of lactations with <1 and <2 CM cases were
used. When summarizing results from studies requir-
ing >5 d between CM events to consider a CM event
as a new case, we observed no significant change in
CM susceptibility following a first CM case (risk ratio:
0.99; 95% confidence interval: 0.86-1.14). However, for
studies using a more liberal CM recurrence definition
(i.e., only 24 h between CM events to consider new CM
cases), we observed a 1.54 times greater CM risk (95%
confidence interval: 1.20-1.97) for cows that already
had 1 CM event in the current lactation compared with
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healthy cows. The most important risk factors for CM
recurrence were parity (i.e., higher risk in older cows),
a higher milk production, pathogen species involved in
the preceding case, and whether a bacteriological cure
was observed following the preceding case. The most
important effects of recurrent CM were the milk yield
reduction following a recurrent CM case, which was
reported to be similar to that of the first CM case, and
the increased risk of culling and mortality, which were
reported to surpass those of first CM cases.

Key words: dairy cow, clinical mastitis, recurrence,
meta-analysis

INTRODUCTION

Clinical mastitis (CM) is one of the most frequent
diseases affecting dairy cows worldwide (Barnouin et
al., 1999; Ruegg, 2003; Halasa et al., 2007). The inci-
dence rate of CM ranges from 13 to 40 cases/100 cow
years in different countries and housing types (Peeler
et al., 2002; McDougall et al., 2007; Bar et al., 2008b;
Olde Riekerink et al., 2008; van den Borne et al., 2010).

The effect of CM was investigated in numerous stud-
ies. Negative effects include severe milk losses (Grohn et
al., 2004; Steeneveld et al., 2008; Schukken et al., 2009),
decreased milk quality (Barbano et al., 2006), increased
treatment costs (Bar et al., 2008b), veterinary costs,
extra labor (Pérez-Cabal et al., 2009), and increased
probability of death and culling of the affected dairy
cows (Bar et al., 2008b; Hertl et al., 2011; Cha et al.,
2013). Clinical mastitis is also the main reason for an-
timicrobial use on dairy farms, although antimicrobial
therapy is not required in all cases of CM (Pol and
Ruegg, 2007; Hill et al., 2009; Lago et al., 2011a; Saini
et al., 2012). The average cost of CM was estimated at
€112 to €1,006 per CM case in Finland (Heikkila et al.,
2012), US$95 to $211 in the United States (Cha et al.,
2011), and Can$744 in Canada (M. Aghamohammadi,
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University of Montreal; Denis Haine, University of
Montreal; D. F. Kelton, University of Guelph, Guelph,
ON, Canada; H. Hogeveen, Wageningen University and
Research Center, Wageningen, the Netherlands; G. P.
Keefe, University of Prince Edward Island; unpublished
data).

Many studies investigated risk factors for CM as well
as for CM recurrence. Parity (i.e., older cows) and the
early lactation period are important risk factors for CM
(Hertl et al., 2011; Elghafghuf et al., 2014). During the
first 30 DIM, the incidence rate of CM was estimated
to be 4.6 and 2.0 times higher than during the remain-
ing lactation in multiparous and primiparous cows,
respectively (van den Borne et al., 2010; Hammer et
al., 2012). Relatively high herd SCS (Nash et al., 2000;
Wolf et al., 2010; Elghafghuf et al., 2014), teat-end
callosity (Neijenhuis et al., 2001; Zadoks et al., 2001),
tramped teats, and milk leakage (Elbers et al., 1998)
were also identified as risk factors for CM in previous
studies.

A very frustrating aspect of CM is its recurrent nature.
A high proportion of cows experiencing a CM event in
a lactation will experience additional CM episodes dur-
ing the same lactation (Schukken et al., 2010). It has
been observed that cows that already experienced CM,
irrespective of the pathogen involved, are more prone
to develop new IMI (Zadoks et al., 2001). Recurrence
of CM, however, may also be caused by persistent IMI.
After an apparently resolved CM case, the IMI may
persist despite resolution of the clinical signs, and sub-
sequent CM flare-up may be observed (Dopfer et al.,
1999). Some pathogens are more likely to cause recur-
rent CM events after a first CM episode (Dopfer et al.,
1999; Bradley and Green, 2001a; Zadoks et al., 2003).
For example, high CM recurrence rates were observed
following Escherichia coli and Streptococcus uberis CM
(Dopfer et al., 1999; Zadoks et al., 2003). Whether this
is due to an increased cow susceptibility to new infec-
tion or to IMI persistency between CM cases is unclear.
Furthermore, intracellular survival of Staphylococcus
aureus can lead to subsequent CM episodes (Yancey et
al., 1991). In such cases, CM recurrence is, therefore,
likely to result mainly from persistence of the pathogen
in the udder (Yancey et al., 1991; Wenz et al., 2005;
Swinkels et al., 2013; Abureema et al., 2014).

Many studies conducted in various countries have
described the incidence rate of CM and its estimated
effects and risk factors; however, there are fewer re-
ports on CM recurrence. For instance, it is still unclear
whether the hazard of experiencing a second CM case
is increased, maintained, or reduced when compared
with the baseline CM risk. Similarly, only a few studies
have investigated the effect (e.g., milk yield reduction,
mortality, or culling risk) of subsequent CM cases after
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a first CM case in the lactation. Finally, although vari-
ous hypotheses have been proposed, the interplay of the
cow, pathogen, and environment factors that lead to
disease recurrence is yet unclear. A first objective of the
current review was therefore to synthesize knowledge
on risk of additional CM events following a first CM
case using a systematic review and meta-analysis study
design. Secondary objectives were to report in a nar-
rative review format on effects of recurrent CM events
and on risk factors for CM recurrence in dairy cows.

MATERIALS AND METHODS

The selected study design was a narrative review of
the literature; however, we made use of the systematic
review methodology for selecting articles and for the
meta-analysis. The Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) meth-
odology was used as a guideline during the research
process and while writing this manuscript (Moher et
al., 2009).

Research Questions

Three objectives—describing the risk of CM recur-
rence, effects of recurrent CM events, and risk factors
for CM recurrence—were pursued. These 3 objectives
were described separately in the 3 following research
questions:

1. What is the risk of recurrence of CM in a given
lactation in dairy cows?

2. What are the effects of recurrent CM in dairy
cows?

3. What are the risk factors that influence CM re-
currence in dairy cows?

Literature Search and Inclusion Criteria

Two databases (CAB Abstracts and PubMed) and 1
search platform (Web of Science) were used to search
for English or French original manuscripts on May 7,
2014. To ensure that the information was relevant for
contemporary dairy herds, only manuscripts published
after 1989 were included. A single search strategy for
the 3 research questions but specific to each database
was designed with the assistance of a librarian. The
strategy consisted of Boolean search operators combin-
ing medical subject heading or thesaurus terms. The
search terms described (1) the population of interest
(dairy cows), (2) the outcome (CM), and (3) the recur-
rent aspect of the disease. The complete search strate-
gies can be found in Supplemental File S1 (https://doi
.org/10.3168/jds.2017-13730).
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All references obtained using the 3 electronic searches
were imported in EndNote X7.1; electronic searches
were merged and duplicates were eliminated. Only those
references for which at least an abstract was available
were further evaluated. Articles from conference pro-
ceedings and other gray literature were not excluded.
To ensure a minimal level of proof and to ensure that
the results were relevant for modern commercial dair-
ies, the following criteria were defined for inclusion and
exclusion of a manuscript:

1. The manuscript was complete, presented original
analyses, and described recurrence of CM, its
risk factors, or effects.

2. The research investigated naturally occurring
CM (i.e., studies involving experimentally in-
duced CM were excluded).

3. The study design was not a case report, case
series, or expert opinion.

4. The study did not involve tropical breeds (e.g.,
buffaloes and Gyr cows).

5. The study was conducted in contemporary
commercial dairies (i.e., studies conducted on
smallholder dairy farms practicing subsistence
farming were excluded).

If the information regarding inclusion criteria or
results reported was incomplete, the authors of the
manuscripts were contacted by email and asked to pro-
vide the information needed. The titles and abstracts of
all the manuscripts obtained were compiled. Reviewers
were blind to the authors, journal, and year of pub-
lication. Three reviewers (S. D., H. J., and E.-M. L.
B.) independently read the abstracts. Each reviewer
decided individually on the relevance of the study while
taking into account the inclusion criteria. At this stage,
reviewers were less strict on the inclusion criteria to
avoid eliminating any relevant study. Whenever the 3
reviewers disagreed on the selection of an abstract, they
consulted each other and discussed the relevance of the
abstract for deciding on eligibility. Then, if at least 2
authors decided to keep the abstract, it was selected
for the next step. After the preliminary selection of
the abstracts, the full text of each selected manuscript
was read by 3 reviewers (S. D., H. J., and E.-M. L. B.).
Inclusion criteria were then strictly applied to select
full texts for inclusion in the review.

The list of references of each included manuscript
was then screened and relevant references that were
not identified during the initial database search were
investigated (i.e., review of abstract and then full text
as previously described). Furthermore, manuscripts
citing the included manuscripts were identified using
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Web of Science. Abstracts and then full texts of these
manuscripts were reviewed as well. Whenever screening
of references or search for manuscripts citing included
manuscripts resulted in the inclusion of an additional
study, a new iteration of reference screening and search
for citing manuscripts was undertaken until complete
depletion. The last search on Web of Science for manu-
scripts citing the included texts was conducted on Oc-
tober 21, 2014, for all included texts.

Data Extraction

Two authors (S. D. and H. J.) analyzed the included
manuscripts in parallel and abstracted the following
information in an Excel database: study location and
period; study design; number of herds, cows, and lacta-
tions followed; follow-up duration (i.e., multiple lacta-
tions, single but complete lactation, or number of days
following a first CM case); and data presented (number
of cow lactations followed, number of cow lactations
with 1 single CM event, number of cow lactations with
2 CM events, number of cow lactations with >2 CM
events, risk factors for CM recurrence, or effects of re-
current CM).

Meta-Analysis and Quantitative Synthesis

A meta-analysis was conducted to describe risk of
CM recurrence. For this analysis, only those manu-
scripts from which the authors of the review could
extract the total number of lactations followed and the
number of lactations with >1 and >2 CM events were
included. Manuscripts in which cows were not followed
for their complete lactation were excluded because data
for number of lactations with a specific number of CM
cases could not be extracted from these manuscripts.
Furthermore, manuscripts reporting the needed data,
but only for a subset of dairy cows, were excluded
because including them would have made the computa-
tion of a summary measure irrelevant. For instance, 2
manuscripts (Heringstad et al., 2006; Vazquez et al.,
2009) reporting the needed data, but for first-lactation
cows only, were excluded. Whenever the needed data
were reported for a given study in more than 1 manu-
script, only the manuscript presenting results for the
largest data set was included. Data were also extracted
for 2 important study characteristics hypothesized to
be a source of heterogeneity between studies: (1) source
of data used in each study (i.e., data collected spe-
cifically for the study vs. use of an existing database
such as data from dairy management software or from
a national animal health database) and (2) CM recur-
rence case definition, with the main difference between

Journal of Dairy Science Vol. 101 No. 6, 2018



4732

studies being the minimal number of days (i.e., the lag
time) between 2 CM episodes to consider CM cases as 2
independent cases (vs. 1 single maintained CM event).
Meta-analysis was performed using Review Manager
(RevMan version 5.3.5; The Cochrane Collaboration,
The Nordic Cochrane Centre, Copenhagen, Denmark).
To describe risk of CM recurrence, for each study, risk
ratio (RR) with 95% confidence intervals (CI) com-
paring risk of subsequent CM cases in cows having
experienced a case in the current lactation (Regy) with
that of healthy cows (Rpeumny) was computed. An RR
<1.0 could, therefore, be interpreted as a reduced risk
of CM following a first CM case, RR of 1.0 as an equal
maintained risk, and a RR >1.0 as an increased risk of
CM following a first CM case. Equations 1, 2, and 3
illustrate computation of the RR from each study.

no. of lactations with > 2 CM episodes

RCI\’I = . N . [1]
no. of lactations with >1 CM episode
R __mo. of lactations with > 2 CM episodes 2]
healthy no. of lactations followed
R
RR = —CM 3]

Rhealthy

A random effect model was used to compute a sum-
mary of effect across studies. Given the range of years
and countries covered by the review and the nature of
the studies, assuming a single common RR appeared
untenable, hence the choice of the more conservative
random effect model. Heterogeneity between studies
was assessed using the I statistic (Higgins and Green,
2011). Putative sources of heterogeneity (i.e., source
of data used and CM recurrence case definition) were
investigated using subgroup analyses and univariate
meta-regression. Meta-regression was conducted using
PROC MIXED of SAS 9.4 (SAS Institute Inc., Cary,
NC) as described by van Houwelingen et al. (2002).
The model was as follows:

Log(RR) = ) + 51X + e + u;,

where Log(RR) is RR natural logarithm; [, is the in-
tercept representing the mean Log(RR) when a given
study characteristic is absent; (3, is the effect of a given
study characteristic on RR natural logarithm; e; is
the within-study variance; and u; is the study random
intercept representing the between-studies variance. In-
fluence of each study was then investigated by deleting
each study from the meta-analysis and determining the
change in the overall and subgroup summaries of effect
as proposed by O’Connor et al. (2014).
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All studies included in the quantitative synthesis were
observational studies aiming to describe CM in general
or investigating CM risk factors or consequences. Fur-
thermore, in most manuscripts, the data required for
the quantitative synthesis were presented as descriptive
materials and, in many cases, CM recurrence was not
the scope of the included manuscript. Compared with
intervention studies, the risk of publication bias (e.g.,
underreporting of studies showing no effect) therefore
appears to be very low. Nevertheless, a funnel plot was
sketched to investigate presence of a publication bias.

The Newcastle-Ottawa Scale (NOS) for assessing the
quality of nonrandomized studies was used to assess
risk of bias for the studies included in the meta-analysis
(Wells et al., 2014). The NOS tool was developed to
judge studies using cohort or case-control study design
on 8 items categorized in 3 categories: (1) selection of
the study groups, (2) comparability of the groups, and
(3) ascertainment of exposure (case-control studies) or
outcome (cohort studies) of interest. The objective of
the meta-analysis was simply to report and compare
risk of first and second CM events, not to report on
effect of a given exposure on risk of acquiring a dis-
ease. Therefore, the NOS items on ascertainment of
exposure, on demonstration that the outcome is absent
at the start of the study, and on comparability of the
groups (i.e., confounding bias) did not apply and were
not evaluated. The minimal follow-up period during
which outcome occurrence had to be observed was de-
fined as the complete lactation.

RESULTS AND DISCUSSION

A flow chart describing flow of information through
the different phases of the review is presented in Fig-
ure 1. A total of 1,465 abstracts were retrieved from
CAB Abstracts (559 abstracts), Web of Science (557
abstracts), and PubMed (349 abstracts). After removal
of duplicates, there were 782 unique abstracts. Among
these, 45 articles met the selection criteria for inclusion
in the systematic review. Then, 118 and 766 additional
manuscripts were identified by reference screening and
searching for manuscripts that cited retained manu-
scripts, respectively. A total of 12 additional manu-
scripts were included, and therefore 57 manuscripts
were selected according to the inclusion and exclusion
criteria (Figure 1). Description of CM recurrence, CM
risk factors, and CM effects were studied and reported
in 33, 37, and 19 manuscripts, respectively (Table 1;
Figure 2).

During the process of reviewing the full texts, in one
of the selected manuscripts (Friedman et al., 2004) we
observed important contradictions between text and
tables regarding the results of interest for the cur-
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rent review. Because exact information could not be
confirmed after multiple attempts to contact the au-
thors, this manuscript was excluded. For 8 manuscripts
(Vaarst and Enevoldsen, 1997; Sviland and Waage,
2002; Gasqui et al., 2003; Heringstad et al., 2006; Wol-
fovd et al., 2006; Wolf et al., 2010; Heravi Moussavi et
al., 2012; Oliveira et al., 2013), ancillary information
regarding CM description (e.g., number of cow lacta-
tions or cow days followed) was missing. Authors of
the 8 manuscripts were contacted and asked to provide
the needed information; this information was obtained
for 3 manuscripts (Sviland and Waage, 2002; Gasqui
et al., 2003; Heringstad et al., 2006) and was not avail-
able for 1 manuscript (Oliveira et al., 2013), and an
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answer from the authors could not be obtained for 4
manuscripts (Vaarst et al., 2002; Wolfova et al., 2006;
Wolf et al., 2010; Heravi Moussavi et al., 2012).

Abstracts and manuscripts in Persian (n = 1), Por-
tuguese (n = 1), Dutch (n = 1), Hungarian (n = 1),
Finnish (n = 1), German (n = 2), Italian (n = 1), and
Chinese (n = 1) were excluded due to language restric-
tions. Among these, 4 would have been selected based
on abstract review. For these, 2 full texts were in Ger-
man (Tenhagen et al., 1999; Zoche-Golob and Spilke,
2013), 1 was in Persian (Mahzoniae et al., 2006), and 1
was in Italian (Colombo et al., 2010). These 4 possibly
relevant manuscripts were therefore excluded from the
current study.

c
o
‘§ Additional records: Records identified through |« Cab Abstracts = 559
i References screening (n=118) database search < Web of Science = 557
= Citations of included articles (n = 766) (n =1,465) < PubMed = 349
s
A 4
Records after removing
duplicates
o (n=782)
=
=
2 v Records excluded (677
S Records retained after Nrlaiant, 3 language
? reviewing title and abstract gl (FFRPSRNER Y | S 1
g(n =99) 4l Finnish, 1 Hungarian, 1
B Chinese; 1 with no full text)
(n =683)
A
E’ Full-text articles assessed for Fulk-text ar’ucleg egcludled,
S eligibility language re§trlct|ons : 2
o) _ German, 1 Italian, 1 Persian
= (n =95) <
w (n=4)
- Full-text articles excluded,
Manuscripts obtained from reference according to inclusion and
screening and citation of already » exclusion criteria
- included manuscripts (n =50)
S (n=12)
=]
S I
=
Manuscripts included in Manuscripts included in
qualitative synthesis > quantitative synthesis
(n=57) (n=9)

Figure 1. Flow of information through the different phases of the review. Color version available online.
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Systematic Review and Meta-Analysis on Risk
of CM Recurrence

Meta-Analysis Results. Definition of CM re-
currence used in each study is presented in Table 2.
Among the 57 manuscripts selected in this review, 9
manuscripts presented sufficient data (i.e., number
of lactations followed, number of lactations with >1
CM event, number of lactations with >2 CM events,
minimal lag time between CM events considered in CM
definition, and data source used) to be included in the
meta-analysis (Tables 2 and 3). In 4 studies (Rajala
and Grohn, 1998; Sviland and Waage, 2002; Monti and
de Jong, 2005; Pérez-Cabal et al., 2009), CM data were
obtained from existing databases; all other studies used
prospective CM data collection. Regarding the mini-
mal lag time between CM episodes to consider them
as independent episodes, 3 studies (Gasqui et al., 2003;
Pérez-Cabal et al., 2009; Heravi Moussavi et al., 2012)
used a minimum of only 1 d between CM episodes in
their case definition. Minimal number of days between
CM events used in the other studies ranged from 5 d
(Wolf et al., 2010) to 21 d (Rajala and Grohn, 1998).
Aside from minimal number of days between CM cases,
in most studies the description of the CM definition
used was relatively limited. Most often, CM was simply

defined as abnormal milk with or without local signs
of inflammation or systemic signs. Whether abnormal
milk had to be observed beyond the first stripes of milk
was never mentioned. Moreover, observation of CM was
conducted by farm personnel in some studies and by re-
search personnel in others. Finally, in some studies, CM
recurrence was defined as reoccurrence of CM in the
same quarter, whereas in others it was defined as reoc-
currence of CM in the same cow but possibly a different
quarter (Table 2). The number of CM events reported
in each study is therefore likely to be influenced by all
these study features.

Number of lactations followed, number of lactations
with >1 and >2 CM cases, CM risks, and RR point es-
timates are presented for each study in Table 3. When
all studies were considered together, a summary RR
of 1.14 (95% CI: 0.99-1.30) was obtained, indicating
a nonsignificant increased susceptibility to CM after
having experienced a first case during the lactation. An
I* statistic of 97% was obtained, however, indicating
considerable heterogeneity between studies.

Results from the univariate meta-regression indicated
that differences in source of CM data used (i.e., data
collected specifically for the study vs. use of an existing
database) explained only 2.5% of the between-studies
RR variance. When using an existing database the RR
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Figure 2. Map of outcomes measured by number of studies in the review. Dashed boxes = number of articles that described risk of clinical
mastitis (CM) recurrence; dotted boxes = number of articles that investigated risk factors for CM recurrence; dashed—dotted boxes = number

of articles that investigated CM recurrence effects.
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Table 2. Definition of clinical mastitis (CM) recurrence used in 57 manuscripts describing CM recurrence, its
risk factors, or its effects and identified in a review of the literature

CM recurrence definition

Minimum no. of Same quarter (Q)
Manuscript days between cases vs. same cow (C)
1. Abureema et al. (2014) 10 C
2. Apparao et al. (2009) 8 Q
3. Appuhamy et al. (2007) NA'! Q
4. Bar et al. (2007) 14 Q
5. Bar et al. (2008a) 14 Q
6. Bar et al. (2008b) 14 Q
7. Bartlett et al. (1991) 17 C
8. Berry and Meaney (2005) NA NA
9. Bigras-Poulin et al. (1990) 10 C
10. Bradley and Green (2001a) 5 Q
11. Bradley and Green (2001b) 5 Q
12. Calavas et al. (1996) NA NA
13. Cha et al. (2013) 14 Q
14. Dopfer et al. (1999) 4 C
15. Elbers et al. (1998) 14 Q
16. Esslemont and Kossaibati (1996) NA NA
17. Fadlelmula et al. (2009) NA NA
18. Firat (1993) NA NA
19. Gasqui et al. (2003) 1 Q
20. Hammer et al. (2012) 30 Q
21. Heringstad et al. (2006) 5 C
22. Hertl et al. (2011) 14 C
23. Hertl et al. (2014) 14 ¢
24. Hoe and Ruegg (2005) 30 Q
25. Houben et al. (1993) NA NA
26. Houben et al. (1994) NA NA
27. Kossaibati et al. (1998) 7 Q
28. Kuzma and Malinowski (2001) NA NA
29. Lago et al. (2011b) 14 Q
30. Lam et al. (1996) NA Q
31. Monti and de Jong (2005) 8 Q
32. Morin et al. (1998) 14 C
33. Heravi Moussavi et al. (2012) 1 NA
34. Nash et al. (2000) 30 Q
35. Oliveira et al. (2013) 14 C
36. Pantoja et al. (2009) NA NA
37. Peeler et al. (2002) 8 Q/C
38. Pérez-Cabal et al. (2009) 1 NA
39. Pinedo et al. (2012) NA NA
40. Pinzén-Sanchez and Ruegg (2011) NA C
41. Pinzén-Sénchez et al. (2011) NA C
42. Rajala and Grohn (1998) 21 NA
43. Rodrigues-Motta et al. (2007) 5 NA
44. Szehg (2004) NA NA
45. Schukken et al. (2009) 14 Q
46. Schukken et al. (2010) 14 Q
47. Steeneveld et al. (2008) 14 Q
48. Sviland and Waage (2002) NA NA
49. Swinkels et al. (2013) NA NA
50. Trajéev et al. (2013) 9 NA
51. Vaarst and Enevoldsen (1997) 30 Q
52. Van Eenennaam et al. (1995) 21 Q
53. Vazquez et al. (2009) NA NA
54. Wenz et al. (2005) 15 Q
55. Whist and Osteras (2007) NA NA
56. Wolf et al. (2010) 5 C
57. Wolfovd et al. (2006) 5 NA

"Exact clinical mastitis definition not available.

Journal of Dairy Science Vol. 96 No. 00000, 2013
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Table 3. Results from a meta-analysis conducted using 9 manuscripts identified using a systematic review of the literature and comparing risk
of clinical mastitis (CM) in healthy cows with that in cows that already experienced CM in the current lactation'

Cows with history of CM

Healthy cows

No. of CM No. of CM No. of CM No. of CM Weight RR 95%
Ttem cases cows risk cases cows risk (%) RR CI
24 h between CM cases
Gasqui et al. (2003) 160 414 0.39 414 1,302 0.32 10.5 1.22 1.05-1.41
Heravi Moussavi et al. (2012) 136 T 0.18 T 9,183 0.08 10.1 2.07  1.75-2.44
Pérez-Cabal et al. (2009) 511 1,245 0.41 1,245 4,448 0.28 11.5 1.47 1.35-1.59
Subtotal 2,436 14,933 32.2 1.54 1.20-1.97
>5 d between CM cases
Bigras-Poulin et al. (1990) 146 533 0.27 533 2,204 0.24 10.3 1.13 0.97-1.32
Cha et al. (2013) 5,311 15,100 0.35 15,100 50,166 0.30 11.9 1.17 1.14-1.20
Monti and de Jong (2005) 3,176 10,373 0.31 10,373 33,105 0.31 11.9 0.98 0.95-1.01
Rajala and Grohn (1998) 958 6,738 0.14 6,738 39,727 0.17 11.7 0.84  0.79-0.89
Trajéev et al. (2013) 121 381 0.32 381 1,267 0.30 10.1 1.06 0.89-1.25
Wolf et al. (2010) 2,636 5,501 0.48 5,501 9,550 0.58 11.9 0.83  0.81-0.86
Subtotal 38,626 136,019 67.8 0.99 0.86-1.14

!Summary risk ratio (RR) estimates were obtained using a random meta-regression with an inverse variance weighting scheme. Summary mea-
sures are presented independently for studies using CM definition requiring only 24 h between CM cases (n = 3) and for studies requiring at

least 5 d between CM cases (n = 6).

was multiplied by 0.95, indicating a numerically—but
not statistically—significant lower RR in studies us-
ing such a data collection process. Vaarst et al. (2002)
reported before that existing national databases are
often incomplete with regards to number of CM cases.
For instance, cows experiencing multiple CM cases in a
given lactation will sometimes have only the first case
recorded in such databases because dairy producers do
not readily see the benefit of further reporting subse-
quent cases. We could hypothesize the same to be true
with the dairy herd management databases commonly
used by dairy producers. Conversely, we could hypoth-
esize that prospective studies explicitly investigating
CM are more likely to yield a more complete recording
of CM cases. The lower RR observed in the current
review in studies using existing databases as a source
of data could, therefore, result from a bias associated
with this study design. The fact that this study char-
acteristic explained only 2.5% of the between-studies
variance, however, indicates that the effect of this later
bias is possibly negligible.

When regressing the summary effect on the mini-
mum number of days between 2 CM episodes used for
case definition (categorized as studies requiring only 24
h between CM cases vs. studies requiring at least 5 d
between CM episodes), a substantial proportion (62%)
of the between-studies RR variance could be explained.
When using a CM case definition requiring at least 5 d
between CM cases, RR was multiplied by 0.84, indicat-
ing lower RR in studies using such a case definition, as
would be expected. Risk ratios ranging between 1.22
and 2.07 were reported in the 3 studies using a CM
definition requiring only 24 h between cases (Table 3
and Figure 3). Risk ratios ranging between 0.83 and

Journal of Dairy Science Vol. 101 No. 6, 2018

1.17 were reported in the 6 studies with CM definition
requiring >5 d between CM cases. In this later sub-
group, 2 studies observed a decreased CM risk following
a first CM event, 3 observed a maintained risk, and 1
observed an increased risk (Table 3; Figure 3). Although
a substantial number of studies have investigated CM,
there is currently no consensus on the minimal number
of days between 2 CM episodes that should be used to
define an incident CM case. In 1997, the international
dairy federation proposed a lag time of 8 d, without any
biological explanations, for differentiating a continu-
ing CM case from a new episode (International Dairy
Federation, 1997). In the current review, various lag
time categorizations were evaluated in the univariate
meta-regression. When categorizing studies by mini-
mum lag time using thresholds of 8, 9, 10, 14, or 21
d, between-studies variance explained always remained
<10%, indicating that the main heterogeneity between
studies resided from comparing studies considering only
24 h between 2 CM cases with studies requiring at least
5 d between episodes. Above a threshold of 5 d between
2 CM cases, the exact threshold used appears to have
little effect on RR estimation.

To account for the important heterogeneity due to
CM case definition, separate summary effects were
computed for studies considering only 24 h between
2 CM cases and for studies considering at least 5 d
between CM cases (Table 3; Figure 3). For studies con-
sidering only a 24-h lag time between 2 CM events,
cows that already experienced a CM case in the cur-
rent lactation had a 1.54 times higher CM risk than
healthy cows (95% CI: 1.20-1.97). For studies requiring
>5 d between CM events to consider a CM event as a
new case, a similar maintained CM risk was observed
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Figure 3. Forest plot of risk of clinical mastitis (CM) event among cows having already experienced a CM event in the current lactation
compared with risk in healthy cows. Summary effects presented as a function of CM case definition used (only 24 h between CM cases vs. >5 d
between cases). Filled squares indicate the risk ratio point estimate for a given study, whereas open diamonds represent the summary estimate

for a subgroup of studies. Error bars represent the 95% CI.

after the first CM case (RR: 0.99; 95% CI: 0.86-1.14).
Although a consensual definition of CM is not currently
available, we would suggest interpreting the summary
effect for studies considering only 24 h between cases
with great caution. A substantial proportion of the ap-
parently new cases occurring in a same quarter within
24 h of a previous CM case should possibly be consid-
ered a continuation of the initial case. Including these
3 studies that used only a minimum of 1 d between
CM events to compute an overall summary effect, how-
ever, had little effect on conclusions regarding change
in CM risk following a first CM case. Apparently this
risk is neither reduced nor increased after a first case;
it is simply maintained (i.e., RR close to 1.0 and 95%
CI including the null value). This summary measure,
however, was computed using a limited number of stud-
ies conducted in specific geographical regions (Canada,
United States, the Netherlands, Finland, Macedonia,
and the Czech Republic) and time periods (1980-2011;
Table 1). This summary measure may not apply to
cows from other countries or to different time periods.

At first glance, our meta-analysis results seem
to suggest that cows do not develop short-term im-

munity against CM. We could hypothesize, however,
that some cows are intrinsically more susceptible to
CM than others (because of genetics, milk production,
conformation, and so on). Then, we would expect these
susceptible cows to be overrepresented compared with
the general population of cows in the denominator in
Equation 2. The greater proportion of susceptible cows
in the population used to estimate Rgy in Equation 2
should then, theoretically, yield an RR >1.0. Observing
an RR close to 1.0 could, therefore, be the result of
a competition between (1) following a population of
cows that is intrinsically more susceptible to CM and
(2) establishment of a certain level of immunity toward
CM that would better protect these susceptible cows
against subsequent CM cases. The maintained risk of
CM following a first CM case is likely the result of the
interplay between development of immunity and shift
in a population’s susceptibility.

Finally, few differences were observed when exclud-
ing studies one at a time to evaluate their influence
on the overall or subgroup summary measures of ef-
fect. Regarding the overall summary effect, removing
a given study yielded an RR between 1.06 and 1.19.

Journal of Dairy Science Vol. 101 No. 6, 2018
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Removing either the Rajala and Grohn (1998) or the
Wolf et al. (2010) studies, however, yielded a 95% CI
not including the null value. Regarding the subgroup
summary effect, removing studies one at a time yielded
an RR ranging between 1.35 and 1.73 and between 0.94
and 1.02 for the 24-h only and >5 d between CM sub-
groups, respectively. When removing the Pérez-Cabal
et al. (2009) study from the 24-h only summary effect
between CM subgroups, a maintained similar CM risk
following a first CM case value was then observed for
that subgroup.

The funnel plot sketched for investigating publication
bias is presented as Supplemental Figure S1 (https://
doi.org/10.3168/jds.2017-13730). With the limited
number of studies per subgroup, the presence of a pub-
lication bias could not be ruled out. However, there
was no apparent evidence of publication bias (i.e., the
funnel plot was relatively symmetrical, even in areas
representing studies with large standard errors). Re-
sults from the risk of bias evaluation are presented as
Supplemental Table S1 (https://doi.org/10.3168/jds
.2017-13730). The main issue observed was the fact
that the outcome, CM, was self-reported by produc-
ers in most studies except the Gasqui et al. (2003)
study, where it was recorded by research personnel. In
that latter study, however, the exposed cohorts were
recruited within 3 research herds, which may not be
representative of the population.

Other Reports. Beyond the data that could be
compiled in the meta-analysis, many of the selected
manuscripts also described risk of CM recurrence in
various manners. Schukken et al. (2010) and Hertl et
al. (2014) reported that the hazard of a cow to have
CM increased with CM event number. Others reported
that cows that experienced CM recently were 2.8 times
more likely to have a CM event compared with CM-free
cows (Berry and Meaney, 2005; Steeneveld et al., 2008).
Hammer et al. (2012), however, did not observe an in-
creased risk of CM for cows that already experienced
a CM during the first 30 DIM or between 30 and 90
DIM. Finally, Vaarst and Enevoldsen (1997) did not
report whether risk increases following an initial CM
event, but they did report a cumulative CM recurrence
risk of 0.32 (95% CI: 0.27-0.37) in their study. This
CM recurrence risk would be considered relatively high
compared with those of studies included in the meta-
analysis of the current review (see the CM risk column
for cows with history of CM in Table 3).

Narrative Review on Effect of CM Recurrence

Discarded Milk. The effect of repeated CM cases
on discarded milk was investigated in a few of the se-
lected studies (Bartlett et al., 1991; Van Eenennaam et
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al., 1995; Bar et al., 2008b; Pérez-Cabal et al., 2009;
Vazquez et al., 2009). Estimates of discarded milk in
the 60 d following the first CM or a subsequent CM
case of 266 and of 220 kg, respectively, were reported
by Bartlett et al. (1991). In another study, discarded
milk economic losses in a given lactation were US$116,
$109, and $112 following the first, second, and third
CM episodes, respectively (Pérez-Cabal et al., 2009).
In both studies, amount of discarded milk was there-
fore relatively similar following first and recurrent CM
events. These results suggest that recurrent CM events
are possibly of similar duration as the initial CM event
or are treated in a similar way by dairy producers, thus
leading to the same amount of milk discarded.

Mortality. The effect of recurrent cases of CM
on mortality risk was investigated in numerous stud-
ies (Bar et al., 2008a,b; Hertl et al., 2011; Cha et al.,
2013). In general, occurrence of a first or recurrent CM
case led to higher mortality risk (Cha et al., 2013).
Moreover, some reported that the mortality risk in the
month when CM was diagnosed was 6, 23, and 28 times
greater than that in healthy cows following the first,
second, and third CM events, respectively (Bar et al.,
2008a). Thus, recurrent CM cases apparently take a
toll on the cow’s ability to survive. Similarly, Hertl et
al. (2011) and Cha et al. (2013) reported an increased
mortality risk in cows suffering from a second CM case
caused by gram-negative pathogens. However, CM
caused by some pathogens such as Streptococcus spp. (a
gram-positive bacteria) had a protective effect on the
subsequent mortality risk (Cha et al., 2013).

M:lk Yield. Milk yield reduction following CM is
one of the main economic loss components. Milk yield
reduction following CM is influenced by the cow’s age,
breed, udder morphology, milk production before a CM
event, whether preceding CM were observed during the
same or previous lactation, degree of inflammation,
pathogen involved, CM duration, treatment, feeding,
and season (Petrovski et al., 2006). We can clearly
conclude from the reviewed articles that recurrent CM
in the same or previous lactation has an effect on milk
yield and milk production persistency (Houben et al.,
1993; Wilson et al., 2004; Appuhamy et al., 2007; Bar
et al., 2007; Fadlelmula et al., 2009; Pérez-Cabal et al.,
2009; Schukken et al., 2009; Vazquez et al., 2009; Wolf
et al., 2010; Heravi Moussavi et al., 2012; Hertl et al.,
2014). More specifically, Bar et al. (2007) reported in
multiparous cows milk yield reduction of 141 and 119
kg in the first 2 mo after the second and third CM
episodes, respectively. Furthermore, another study re-
ported that primiparous cows with recurrent CM pro-
duced 12.5% less milk than those with only 1 CM case
(Heravi Moussavi et al., 2012). Others reported milk
yield reduction following the first, second, and third
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cases varying from 47 to 166 kg, 54 to 96 kg, and 11 to
324 kg, respectively (Houben et al., 1994; Pérez-Cabal
et al., 2009).

In the study by Schukken et al. (2009), milk yield
reduction varied as a function of the causal organism
irrespective of number of CM episodes. For instance,
gram-negative infections caused greater milk yield
reduction than infections caused by other organisms.
Although the highest milk yield reduction was observed
in the first case of gram-negative CM infections, in
gram-positive CM cases the larger milk yield reductions
were those of the third case (Schukken et al., 2009).
Cows affected with clinical mastitis had milk yield re-
duction of 93 to 193 kg for recurrent gram-positive CM
(compared with 128 kg for a first case) and 276 to 295
kg for recurrent gram-negative CM (compared with 304
kg following a first gram-negative CM case; Schukken
et al., 2009).

In most instances, milk yield reduction was estimated
by comparing milk production of cows affected with
recurrent CM events with that of cows not affected by
recurrent events. It should be noted, though, that high-
producing cows are more at risk of CM and of recurrent
CM events. Therefore, comparing the production level
of a cow with CM or recurrent CM with that of healthy
herd mates may not fully capture the milk yield reduc-
tion following these CM events. For a more accurate
assessment, the milk production of a CM-diseased cow
should be compared with her estimated potential based
on her milk production before the CM event. Never-
theless, it is clear that milk yield reduction following
recurrent CM events leads to substantial milk yield re-
duction and that this reduction is possibly comparable
with that of first CM cases.

Culling. Culling losses due to first and subsequent
CM cases have a substantial effect on dairy farms’ prof-
itability. Having 1 or multiple CM tends to increase the
risk of culling (Heravi Moussavi et al., 2012). However,
producers consider many cow-related factors such as
age, milk yield, stage of lactation, reproductive perfor-
mance, and health status to determine whether a cow
should be culled (Petrovski et al., 2006).

Results from the selected studies showed that the
risk of culling increased with the number of CM cases
(Szebg, 2004; Pinzén-Sanchez and Ruegg, 2011). A
higher proportion of cows that experienced only 1 CM
case (92%) remained in the herd compared with those
with recurrent CM cases (76%) during a same lactation
(Pinzén-Sanchez and Ruegg, 2011). The odds of culling
a cow after a third CM event were 4 times higher than
those of a CM-free cow (Bar et al., 2008a). In a study
in the northeast United States, the researchers initially
observed that all CM cases during lactation increased
the culling risk regardless of the number of cases and
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pathogen type (Hertl et al., 2011). Later on, this group
of researchers was able to underline that the type of
pathogen that caused the CM also influences the cull-
ing risk. For example, Cha et al. (2013) reported that
the culling risk in primiparous and multiparous cows
increased after multiple cases of Klebsiella CM. Results
from the current review strongly support, as expected,
that CM recurrence does increase culling risk.

Milk Quality. Although milk quality reduction is an
important factor when calculating the economic effect
of CM, only 1 manuscript investigated the changes in
milk quality following recurrent CM events. The syn-
thesis of the main milk components (protein, fat, and
lactose) diminishes following a CM event. Furthermore,
due to inflammatory reaction, the concentration of
blood serum components increases (Beck et al., 1992;
DeGraves and Fetrow, 1993; Hortet and Seegers, 1998).
These changes can lead to inferior milk quality (Tra-
jkovski et al., 1997) and milk yield (Allore and Erb,
1998).

Although the effect of a first or subsequent CM event
on fat yield was most often not significant during the
month of the event, experiencing multiple CM cases
in a given lactation has a long-term cumulative effect
on fat yield in that lactation. Houben et al. (1994) re-
ported that in multiparous cows with CM, lactational
fat and protein yields were respectively decreased by
6.9 and 4.5 kg after the first CM case, by 12 and 1.5
kg after the second, and by 7.9 and 11 kg after the
third or subsequent CM cases. In many countries, the
milk payment system is based on protein and fat yield;
therefore, reduced quantities of protein or fat can be
directly translated in economic losses for dairy produc-
ers. With results from a single study being available,
however, we can hardly draw conclusions on the effect
of recurrent CM cases on milk composition.

Other Effects of CM Recurrence. Other CM
recurrence effects observed in a few of the manuscripts
selected for this study included increased veterinary
fees (Pérez-Cabal et al., 2009; Vazquez et al., 2009), in-
creased use of drugs (Bar et al., 2008b; Pérez-Cabal et
al., 2009; Vazquez et al., 2009), extra labor (Pérez-Cabal
et al., 2009; Vazquez et al., 2009), increased number of
services per conception, lower length of productive life
(Heravi Moussavi et al., 2012), and decreased number
of days to peak milk production (Appuhamy et al.,
2007).

Narrative Review of CM Recurrence Risk Factors

Parity. Parity has a clear effect on the number of
CM events and on CM recurrence risk, with higher
parity cows having an increased risk of experiencing
repeated CM cases (Monti and de Jong, 2005; Wolf
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et al., 2010; Swinkels et al., 2013). More specifically,
Pinz6n-Sénchez and Ruegg (2011) reported that a cow
with >3 lactations was 15 times more likely to experi-
ence recurrent CM events compared with a primipa-
rous cow. Similarly, Hertl et al. (2011) observed that a
larger proportion of multiparous cows, compared with
primiparous cows, experienced second (11 vs. 3.7%) or
third (4.4 vs. 1.1%) CM events. In the study by Wolf et
al. (2010), 19, 27, 36, and 39% of first-, second-, third-,
and >fourth-parity cows, respectively, experienced >2
CM cases in a given lactation.

Parity was found to be a risk factor for new IMI
in general, suggesting that the cow’s intramammary
and anatomical (e.g., teat sphincter patency) defense
mechanisms may deteriorate with age (Zadoks et al.,
2001; Green et al., 2002; Dingwell et al., 2004). These
substandard defense mechanisms may explain the high-
er incidence of CM and recurrent CM in older cows.
Results from the current review support the positive
relationship between parity and risk of CM recurrence.

Lactation Stage. Although lactation stage was not
significantly associated with days until the next CM
event in one study (Gasqui et al., 2003), Pinzén-Sénchez
and Ruegg (2011) reported that cows that experienced
recurrent CM within 60 d of the preceding event had a
first CM event earlier in their lactation compared with
those that did not experience recurrent CM. Changes
in immune functions as well as nonspecific host defense
mechanisms may be a cause of the high incidence rate
of CM in early lactation. Results from our review, how-
ever, could not confirm whether CM recurrence risk
increases when the first CM occurred early during the
lactation. More research would be needed to confirm
the observation made by Pinzén-Sanchez and Ruegg
(2011).

Genetics. Using the best over the worst sire regard-
ing CM and SCS could decrease the number of CM
events per lactation in daughters (Rodrigues-Motta et
al., 2007; Pérez-Cabal et al., 2009; Wolf et al., 2010).
Nash et al. (2000) reported estimates of heritability for
the total number of CM cases during first and second
lactation of 42 and 15%, respectively. Selection for
longer productive life, stronger udder attachment, shal-
lower udders, or deeper udder cleft may also reduce the
number of CM events per lactation (Nash et al., 2000).

Production Level. High milk production was ob-
served by many as a risk factor in the development of
CM and recurrent CM cases (Lescourret et al., 1995;
Allore and Erb, 1998; Bar et al., 2007; Heravi Mous-
savi et al., 2012). A positive relationship between milk
production potential and number of CM episodes was
also reported by Lescourret et al. (1995). However, milk
production before the initial case was not associated
with CM recurrence risk in one study (Pinzén-Sanchez
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and Ruegg, 2011). Results from the scientific literature
rather suggest that high-producing dairy cattle are
more inclined to have CM recurrence.

Severity of Preceding CM Case. In numerous
studies, CM recurrence was not associated with the
severity of the initial CM case (Pinzén-Sénchez and
Ruegg, 2011; Oliveira et al., 2013; Swinkels et al., 2013).
Bradley and Green (2001a), however, reported that first
E. coli CM cases were less likely to be mild compared
with recurrent CM cases. Despite this later finding, we
can possibly safely conclude that the severity of the
preceding case is not associated with subsequent CM
recurrence risk.

Species Involved in a Preceding CM Case.
Pathogen species involved in preceding CM was identi-
fied as a risk factor for CM recurrence in several studies
(Bradley and Green, 2001b; Wenz et al., 2005; Schuk-
ken et al., 2009; Lago et al., 2011b; Oliveira et al., 2013;
Swinkels et al., 2013; Abureema et al., 2014; Hertl et
al., 2014). Bar et al. (2008a) and Bradley and Green
(2001b) found that about half of repeated CM cases
were caused by the same pathogen species identified
in the preceding case. In one study, the CM recurrence
cumulative incidence within the 90-d follow-up period
was higher in cows that experienced gram-negative CM
(31%) compared with gram-positive CM (21%; Oliveira
et al., 2013). However, Hoe and Ruegg (2005) reported
that recurrent CM rate 30 d after the initial CM case
was not different between CM cases caused by gram-
positive and gram-negative pathogens. Wenz et al.
(2005) found that CM-diseased cows with mixed (both
gram-negative and gram-positive) infections were 8.9
times more likely to have CM recurrence from 15 to 90
d after the initial CM case than cows suffering from a
gram-positive infection. Lam et al. (1996) and Swinkels
et al. (2013) reported that Staphylococcus aureus and
Streptococcus uberis recurrent CM events were observed
more frequently than E. coli recurrent CM events. How-
ever, Dopfer et al. (1999) documented that the same
E. coli genotype was identified in 86% of E. coli CM
recurrence cases.

With the current review, we can conclude that the
pathogen initially involved in the first CM case is an
important determinant of the subsequent CM recur-
rence risk. It is not clear, however, which pathogen spe-
cies or group is more likely to lead to recurrent events.
The persistence of the IMI following the initial CM case
is possibly an important causal component for subse-
quent CM recurrence.

Bacteriological Cure Following a Preceding
Case. The estimated probability of CM recurrence
in primiparous cows was, respectively, 2 and 25% for
CM cases that resulted in bacteriological cure or not
(Pinzén-Sanchez et al., 2011). Similarly, for multiparous
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cows, the estimated CM recurrence probability was,
respectively, 12 and 35% for CM cases that resulted
in bacteriological cure or not (Pinzén-Sénchez et al.,
2011). Cows with bacteriological cure were, therefore,
8 times less likely to have a CM recurrence than those
that did not experience a bacteriological cure (Pinzén-
Sanchez and Ruegg, 2011). These results, however,
could not be confirmed by any of the other selected
articles.

Treatment. In one study, the proportion of antimi-
crobial-treated cows that had a subsequent CM case
involving the originally affected quarter during the CM
period (60 d after the initial CM case) was significantly
lower than that of cows receiving only supportive treat-
ment (29 vs. 46%; Morin et al., 1998). On the other
hand, Lago et al. (2011b) reported that there were no
differences in the risk of CM recurrence or in time to
CM recurrence between cows immediately treated with
a cephapirin sodium intramammary treatment at CM
diagnosis and cows submitted to an on-farm culture-
based treatment strategy in which treatment is usually
delayed by 24 h. Moreover, in another study the treat-
ment strategy (treatment with different antimicrobials)
used was not significantly associated with CM recur-
rence risk between 15 and 90 d after the initial CM
case (Wenz et al., 2005). However, a more aggressive
and extended treatment was found to be helpful in
preventing CM recurrence in one study (Swinkels et
al., 2013). Furthermore, a tendency for a lower risk of
CM recurrence (1.3 times lower risk) was reported for
every additional day of treatment by Pinzén-Sanchez
and Ruegg (2011). Although there are many contradic-
tory results on treatment procedure as a risk factor
for CM recurrence, it seems that treatment strategy is
an important determinant of CM recurrence and that
extended treatment may be useful for avoiding recur-
rent episodes of CM.

CM Ewvents in the Previous Lactation. In many
studies, the presence of a CM event in the previous lac-
tation was found to be a risk factor for CM recurrence
in the subsequent lactation (Firat, 1993; Houben et
al., 1993; Calavas et al., 1996; Kuzma and Malinowski,
2001; Peeler et al., 2002; Berry and Meaney, 2005; Whist
and Osteras, 2007; Pantoja et al., 2009; Pinedo et al.,
2012). Clinical mastitis events in the previous lactation
increased the risk of CM in the subsequent lactation by
a factor of 1.5 to 3.8 (Firat, 1993; Houben et al., 1993;
Calavas et al., 1996; Gasqui et al., 2003; Berry and
Meaney, 2005; Whist and Osteras, 2007; Pinedo et al.,
2012). Pantoja et al. (2009) reported that CM events in
the last 60 d of the previous lactation were significantly
associated with higher odds of CM events during the
first 60 d postcalving (odds ratio = 4.1). In another
study, the cumulative CM incidence risk during the
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current lactation for cows that had CM in the previous
lactation was reported to be higher (59%) compared
with cows not experiencing CM in the previous lacta-
tion (37%) and heifers (36%; Kuzma and Malinowski,
2001).

CONCLUSIONS

Results from our meta-analysis suggest that CM risk
is not increased or reduced but simply maintained fol-
lowing an initial CM event. Clinical mastitis case defi-
nition, however, substantially affected the computed
RR describing CM recurrence risk. Recurrent CM case
definitions varied among studies, especially regarding
the minimal time required between 2 CM events, which
ranged from >1 d to >30 d. Our results suggest that
studies using any threshold >5 d between cases would
be comparable. In our narrative review, we highlighted
the role of parity, pathogen species involved in preced-
ing CM, and lactation stage as important risk factors
associated with CM recurrence. Furthermore, we dis-
cussed some of the most important effects of recurrent
CM: milk yield reduction and increased risk of culling
and mortality.
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