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Introduction

Profitability of dairy farming is highly affected by 
reproductive performance of dairy cows. Reproductive 
efficiency of dairy cows is affected by many factors including 
management factors, climate and environment, cow’s genetic 
potential and diseases. The effect of diseases and disorders 
on fertility has received more attention during the last years. 
Clinical mastitis (CM) is one of the most costly diseases 
that affect dairy cows. Economic losses due to CM include 
reduced milk yield, discarded milk, reduced reproductive 
performance, increased veterinary costs and culling, and 
increased labor costs [1, 18, 34]. Results regarding the effect 
of CM on reproductive traits are inconsistent. Some studies 

showed that CM has negative effects on ovarian function and 
reproductive performance in dairy cows [8, 21, 23]. Santos 
et al. [37], Ahmadzadeh et al. [1] and Nava-Trujill et al. [29] 
declared that mastitic cows had more days to first service, 
more days to conception and needs more services per 
conception. However, in a comprehensive study, Fourichon 
et al. [14] reported that CM had no effect on reproduction.

Economic value of CM was estimated to be 80.09 US$ 
per cow per year in Iran [36]. Considering the population 
of Holstein cows of Iran (i.e. 800,000 heads), a simple 
calculation shows that costs associated with CM for the 
Iran dairy industry are over 64 million US$ per year (only 
for production and veterinary costs). Considering that most 
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case of CM.

Keywords: Clinical mastitis; Reproductive performance; 
Logistic regression; Retained placenta; Abortion; 
Stillbirth

RESUME

Facteurs influant sur la mammite et les effets des mammites cliniques sur 
les performances de reproduction des vaches Holstein

Les objectifs de cette étude étaient d’estimer les effets des facteurs de 
risque sur la mammite clinique (MC) et d’évaluer leurs conséquences sur 
certaines performances de reproduction chez les vaches Holstein. Les 
données de cette étude ont porté sur 18990 mises bas d’un grand troupeau 
de vaches laitières Holstein de Mars 2002 à Septembre 2014. Un modèle de 
régression logistique multivariée a été utilisé pour identifier les facteurs de 
risque mammites cliniques et de quantifier leur odds ratio (risque relatif 
rapproché, OR). Les incidences de lactation des MC ont été 26,61%, 33,29% 
et 38,28% pour les premières, deuxièmes et troisièmes ≥ lactations. Les 
facteurs de risque importants de MC ont été  : rétention de placenta (OR 
= 1,37) et avortement (OR = 1,42) pour les vaches en première lactation et 
mortinatalité (OR = 1,58) pour les vaches en troisième lactation ou plus. 
Il y avait des effets significatifs de l’année de vêlage, la saison de vêlage, la 
parité ou les interactions entre ces effets sur les risques de MC. Un rapport 
de chances de MC supérieur existait pour les vaches en lactation troisième 
lactation ou plus par rapport aux primipares (OR = 1,75; P <0,001). La 
procédure GLM de SAS a été utilisé pour étudier l’effet du nombre de MC 
sur le première jour de chaleur (DFH), le jour de la première insémination 
(DFS), l’intervalle entre le vêlage et la conception (ICC), la durée de la 
gestation (GL), l’intervalle entre vêlages (CI) et le nombre d’insémination 
par conception (NIS). Les vaches atteintes de mammite cliniques avaient des 
valeurs plus élevées pour l’ensemble de ces paramètres. Les coefficients de 
régression des traits mentionnés ci-dessus en fonction du nombre de MC 
pour chaque lactation ont montré que les performances de reproduction 
chez les vaches primipares sont plus affectées par les MC que les vaches 
multipares et que donc les vaches primipares ont besoin de plus de temps 
pour récupérer après chaque cas de MC.
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studies confirm the detrimental effect of CM on fertility with 
logical interpretations [19, 21, 23] and different countries 
has different management and production systems, it seems 
necessary to quantify this effect. To our knowledge, no 
study investigated risk factors for CM in different lactations 
separately and there is no study about discrepancy between 
effects of CM occurrence in different seasons on reproductive 
efficiency of dairy cows. On the other hand, a few studies [1, 
25] considered the influence of disease other than CM on 
reproductive traits in their analyses. Therefore, the objectives 
of this study were to investigate: 1) risk factors for CM in 
different lactations 2) effect of CM and season of calving on 
days to first heat (DFH), days to first insemination (DFS), 
interval from calving to conception (ICC), gestation length 
(GL), calving interval (CI) and number of insemination per 
conception (NIS), and 3) the difference between reproductive 
performances of cows with or without CM within different 
calving seasons.

Material and methods

Records of Holstein cows from March 2002 to September 
2014 comprising 18990 calving events from a large dairy herd 
in Qazvin province was used in this study. Qazvin is located 
in 150 km North-West of Tehran (capital of Iran), it has an 
altitude of about 1278 m above sea level and the latitude 

36°16’N and longitude 50°00’E. The climate is cold but dry 
due to its position at south of the rugged Alborz range with 
a mean daily temperature of 14°C, 250 mm/year of rainfall. 
Cows were kept in intensive production systems and fed 
manually throughout the year with alfalfa hay, corn silage 
and wheat straw as forages and a mixture of barley grain, 
corn grain, soybean meal, whole cottonseed, cottonseed 
meal, canola meal, wheat bran, corn gluten and beet pulp 
and vitamin and mineral premix as concentrate. Cows 
were housed in covered barns with concrete floors and free 
stalls and are grouped regarding to the stage of lactation, 
production and pregnancy status.

The data included animal number, heat date, insemination 
date, calving date, CM occurrence date, parity, sex of born 
calf, twining, dystocia, retained placenta, abortion and 
stillbirth. Cows should have a certain registration number 
and calving date to be included. Months of calving were 
grouped into four seasons: January through March (season 
1 = winter), April through June (season 2 = spring), July 
through September (season 3 = summer) and October 
through December (season 4 = fall). Also, years of calving 
were classified into 6 classes: 2002-2003 (class 1), 2004-2005 
(class 2), 2006-2007 (class 3), 2008-2009 (class 4), 2010-2011 
(class 5) and 2012-2014 (class 6). Gestation length < 265 and 
calving interval < 290 were excluded. Calf loss before day 

Variable Class No. of records %Mastitis Odds ratio (95% CI) Type 3P-value
Twinning Single 6129 26.51 1 0.1202

Twin 68 35.29 1.54 (0.89-2.66) -
Dystocia 0 4653 26.82 1 0.3681

1 1544 25.97 1.07 (0.92-1.24) -
Retained placenta 0 5658 27.01 1.37 (1.09-1.72) 0.0069

1 539 22.45 1 -
Calf sex Male 2991 27.11 1.04 (0.92-1.17) 0.5530

Female 3206 26.14 1 -
Stillbirth 0 5645 26.45 1 0.9767

1 552 28.26 1.00 (0.81-1.25) -
Abortion 0 5877 26.07 1 0.0069

1 320 36.56 1.42 (1.10-1.82) -
Calving year* 1 619 40.23 9.09 (7.15-11.53) <.0001

2 708 47.74 12.20 (9.67-15.32) -
3 866 24.36 4.31 (3.40-5.44) -
4 942 40.55 9.01 (7.24-11.24) -
5 1155 28.57 5.32 (4.29-6.62) -
6 1907 7.30 1 -

Calving season Winter 1456 28.78 1.51 (1.28-1.77) <.0001
Spring 1169 28.83 1.40 (1.18-1.67) -

Summer 1661 24.20 1.18 (1.00-1.38) -
Fall 1911 25.69 1 -

*Class 1 = 2002-2003;Class 2 = 2004-2005; Class 3 = 2006-2007; Class 4 =2008-2009; Class 5 = 2010-2011; Class 6 =2012-2014.

Table I: Estimated odds ratios (95% CI) for the risk factors associated with clinical mastitis in first lactation Holstein cows (n = 6197)
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265 considered as abortion and after day 265 until the end of 
normal period considered as stillbirth. Abortion dates were 
saved in a separate file and then connected to the adjacent 
of the relevant calving date. Multivariable logistic models 
were used to analyze the effect of twining, dystocia, retained 
placenta, calf sex, stillbirth, abortion and year and season 
of calving on CM in different parities using the LOGISTIC 
procedure of SAS [38]. The general equation of logistic model 
was defined as follows:

y = β0 + β1x1 + β2x2 + ... + βp– 1xp– 1 + ε
Where y = dependent variable (i.e. CM as a binary trait); 

x1, x2,..., xp-1= independent variables (twining, dystocia, 
retained placenta, calf sex, stillbirth, abortion, calving year, 
calving season and all interaction effects); β0, β1, β2,..., βp– 1= 
regression coefficients; ε= random error. Also, incidence of 
CM in the previous lactation was included in the model as 
independent variable for the second and ≥ third lactations.  
The GLM procedure of SAS was used to investigate the effect 
of number of CM occurrence on DFH, DFS, ICC, GL, CI 
and NIS in different lactations and that of calving season 
on aforementioned traits in the first lactation (in this case 
number of CM before DFH, DFS and ICC was classified into 
5 classes; lactations with > 4 CM merged to the last class, 
because a few lactations had >  4 CM). Least squares means 
were calculated. Significant effects were included in the 

models (e.g. ICC and CI were affected by dystocia, retained 
placenta, CM and year and season of calving and therefore 
had the same models). Finally, in order to quantify the 
effect of number of CM occurrence on reproductive traits, 
regression coefficients of DFH, DFS, ICC, GL, CI and NIS 
on number of CM occurrence were calculated using the REG 
procedure of SAS.

Results

Lactational incidence rates of CM for the first, second 
and ≥ third lactations were 26.61%, 33.29% and 38.28%, 
respectively. Generally, mean of CM cases per cow per year 
was 0.667 and each mastitic cow experienced CM for 2.009 
times. Estimated odds ratios (OR) for twining, dystocia, 
retained placenta, calf sex, stillbirth, abortion, calving year 
and calving season associated with CM in different lactations 
assessed with logit models are shown in Tables I-III. There 
were significant effects of calving year, calving season, parity 
or interactions between these effects on the odds of CM 
(P  <  0.001). The other effective factors were abortion (OR 
= 1.42; P< 0.01 and OR =1.20; P< 0.1) and lack of retained 
placenta (OR = 1.37; P< 0.01 and OR = 1.21; P< 0.1) in 
the first two lactations and lack of stillbirth (OR = 1.58; P< 
0.01) in ≥ third lactations, respectively. Greater odds of CM 

Variable Class No. of records %Mastitis Odds ratio (95% CI) Type 3P-value
Twinning Single 4542 33.31 1 0.9774

Twin 291 32.99 1.00 (0.76-1.33) -
Dystocia 0 4437 33.92 1.19 (0.91-1.54) 0.1996

1 396 26.26 1 -
Retained placenta 0 4339 33.69 1.21 (0.97-1.51) 0.0972

1 494 29.76 1 -
Calf sex Male 2497 32.80 1.05 (0.92-1.20) 0.4465

Female 2336 33.82 1 -
Stillbirth 0 4674 33.25 1 0.7240

1 159 34.59 1.07 (0.74-1.56) -
Abortion 0 4347 33.10 1 0.0980

1 486 34.98 1.20 (0.97-1.48) -
Calving year* 1 515 33.40 3.55 (2.79-4.52) <.0001

2 600 46.67 6.10 (4.88-7.63) -
3 614 28.18 2.74 (2.17-3.47) -
4 772 52.46 7.72 (6.25-9.53) -
5 847 46.16 5.97 (4.86-7.33) -
6 1485 12.66 1 -

Calving season Winter 1107 36.13 1.36 (1.14-1.63) 0.0025
Spring 941 35.17 1.25 (1.03-1.50) -

Summer 1483 30.14 1.06 (0.90-1.26) -
Fall 1302 33.10 1 -

Previous mastitis 0 3591 00.00 1 <0.0001
1 1242 100.00 1.76 (1.52-2.04)

*Class 1 = 2002-2003;Class 2 = 2004-2005; Class 3 = 2006-2007; Class 4 =2008-2009; Class 5 = 2010-2011; Class 6 =2012-2014.

Table II: Estimated odds ratios (95% CI) for the risk factors associated with clinical mastitis in second lactation Holstein cows (n = 4833)
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existed for ≥ third lactation cows than that for primiparous 
cows (OR= 1.75; P< 0.001). In addition, incidence of mastitis 
in the previous lactation increased odds of CM (OR = 1.76; 
P< 0.0001 and OR = 1.69; P< <0.0001; second and ≥ third 
lactations, respectively) in the current lactation.

Effect of number of CM occurrence on DFH, DFS, ICC, 
GL, CI and NIS in different lactations is shown in Table IV. 
Obviously, CM negatively affected all reproductive traits. 
At first lactation, cows that experienced four CM cases had 
49 days longer ICC and CI, ~19 days more DFS and ~0.45 
more NIS than healthy cows. Also, effect of calving season on 
aforementioned traits is shown in Table V. In general, the best 
and the worst reproductive performances occurred for cows 
with calvings in summer and winter seasons, respectively. 
Also, the most and the least probabilities of CM occurrence 
were in winter and fall calving seasons, respectively. In 
addition, the difference between first lactation reproductive 
performances of cows with or without CM within different 
calving seasons is shown in Table VI. The highest difference 
between cows with and without CM for ICC, CI and NIS 
was observed in summer and fall calving seasons. Regression 
coefficients of ICC, CI and NIS on CM was shown that each 
case of CM led to significant increase in aforementioned 

traits to an amount of 12.44 and 12.54 days and 0.197 times 
in primiparous cows, respectively.

Discussion

LACTATIONAL INCIDENCE AND RISK FACTORS

The lactational incidence rates of CM in the current study 
were consistent with the reports of other researchers [13, 16, 
24] who stated that the frequency of lactational incidence risk 
of CM ranged from 1.7% to 54.6%. Similar to the results of 
this study, Barkema et al. [4] and Ghavi Hossein-Zadeh and 
Ardalan [16] reported primiparous cows had lower incidence 
rates of CM than multiparous cows. Fluctuated CM trend 
during the years of this study, regarding to the nature and 
low heritability of the trait, shows that environmental and 
management factors undergo considerable changes. Season 
of calving was significantly associated with CM incidence and 
winter and fall calvers had the highest and lowest incidence 
rates of CM, respectively. Steeneveld et al. [41] and Nava-
Trujill et al. [29] reported that both heifers and multiparous 
cows had the highest incidence rates of CM during winter. 
Also, Olde Riekerink et al.  [32] declared that cows were 
more likely to experience CM in late fall and the peak of most 

Variable Class No. of records %Mastitis Odds ratio (95% CI) Type 3P-value
Twinning Single 7382 38.27 1 0.3294

Twin 578 38.41 1.10 (0.91-1.34) -
Dystocia 0 7323 38.82 1.07 (0.89-1.30) 0.4798

1 637 32.02 1 -
Retained placenta 0 6887 38.29 1.04 (0.90-1.21) 0.5866

1 1073 38.21 1 -
Calf sex Male 4152 38.42 1.04 (0.94-1.15) 0.4371

Female 3808 38.13 1 -
Stillbirth 0 7609 38.72 1.58 (1.21-2.05) 0.0007

1 351 28.77 1 -
Abortion 0 7247 38.32 1.10 (0.93-1.30) 0.2703

1 713 37.87 1 -
Calving year* 1 833 31.45 2.21 (1.84-2.66) <.0001

2 1039 48.99 4.56 (3.86-5.38) -
3 1109 31.29 2.15 (1.81-2.55) -
4 1360 57.94 6.52 (5.58-7.62) -
5 1436 52.92 5.35 (4.59-6.23) -
6 2183 17.45 1 -

Calving season Winter 1684 40.02 1.29 (1.13-1.48) 0.0028
Spring 1313 39.07 1.09 (0.94-1.26) -

Summer 2643 35.07 1 -
Fall 2320 40.21 1.12 (0.99-1.27) -

Previous mastitis 0 4952 00.00 1 <0.0001
1 3008 100.00 1.69 (1.52-1.87)

*Class 1 = 2002-2003; Class 2 = 2004-2005; Class 3 = 2006-2007; Class 4 =2008-2009; Class 5 = 2010-2011; Class 6 =2012-2014.

Table III: Estimated odds ratios (95% CI) for the risk factors associated with clinical mastitis in ≥ third lactation Holstein cows (n = 7960)
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No. of mastitis cases DFH DFS ICC GL CI NIS
1st

 la
ct

at
io

n
0 56.67c 78.55d 133.99d 278.28a 412.28d 2.348d

1 57.18c 79.82cd 144.14c 278.61a 422.76c 2.607c

2 58.93bc 84.81b 162.25b 278.84a 441.09b 2.848b

3 64.02b 84.73bc 182.28a 278.75a 461.02a 3.254a

4 72.84a 97.40a 183.11a 278.73a 461.84a 2.802bc

2nd
 la

ct
at

io
n

0 50.18b 74.69b 136.94d 278.91a 415.85c 2.577c

1 53.35a 80.08a 147.77c 279.06a 426.84b 2.732b

2 48.37b 76.37ab 154.91bc 279.04a 433.95ab 3.000a

3 46.16b 76.96ab 165.29a 278.94a 444.23a 3.116a

4 55.63a 81.05a 162.24ab 279.20a 441.44a 2.880ab

≥3
rd

 la
ct

at
io

n 0 49.91c 78.32c 135.62c 279.01b 414.63c 2.446c

1 54.16b 82.86b 153.67b 278.84b 432.52b 2.682b

2 55.09ab 84.67b 157.35b 279.38ab 436.73b 2.718b

3 51.95b 80.69bc 160.70b 279.74a 440.44b 2.912ab

4 59.28a 90.42a 176.77a 279.45ab 456.22a 3.090a

§ DFH: Days to first heat; DFS: Days to first service; ICC: Interval from calving to conception; GL: Gestation length; CI: Calving interval; NIS: Number of 
insemination per conception. a,b,c,d Least squares means within each column with no common superscript differ significantly at P< 0.05.

Table IV: Least squares means of DFH, DFS, ICC, GL, CI and NIS in Holstein cows with different number of mastitis cases in different lactations§

Trait§ Winter Spring Summer Fall

DFH (day) 68.5a 64.3b 45.0d 55.7c

DFS(day) 85.7a 82.8a 72.3c 79.9b

ICC(day) 156.5a 145.5b 122.4c 140.1b

GL(day) 278.30b 277.86b 278.22b 278.93a

CI (day) 434.8a 423.4b 400.6c 419.0b

NIS 2.690a 2.573a 2.279b 2.399b

§For traits, see Table 4. a,b,c,dLeast squares means with different superscripts within traits differ significantly (P< 0.05).

Table V: Least squares means of DFH, DFS, ICC, GL, CI and NIS in Holstein cows with different calving seasons

Winter Spring Summer Fall
Trait§ noMast* Mast* noMast Mast noMast Mast noMast Mast

DFH (day) 67.3ns 70.8 64.4ns 64.3 45.0ns 45.0 54.6d 58.7
DFS (day) 83.8c 89.6 82.1ns 84.2 71.2d 74.7 78.9d 82.7
ICC (day) 150.4b 168.7 141.1c 154.4 116.6a 135.8 132.9a 159.1
CI (day) 428.7b 447.0 418.9c 432.4 394.5a 414.6 411.7a 438.5

NIS 2.586c 2.898 2.456b 2.808 2.138a 2.605 2.297a 2.666
§For traits, see Table 4.* noMast: Lactations without mastitis; Mast: Lactations with at least one case of mastitis.a,b,c,d: P< 0.001, P< 0.01, P< 0.05, P< 0.10, respectively; 
ns: non-significant.

Table VI: Least squares means of DFH, DFS, ICC, GL, CI and NIS in Holstein cows with or without mastitis in different seasons of first calving

DFH (day) DFS (day) ICC (day) GL (day) CI (day) NIS
1st lactation 2.05 (<.0001) 2.88 (<.0001) 12.44 (<.0001) 0.105 (0.2020) 12.54 (<.0001) 0.197 (<.0001)

≥2nd lactation 1.16 (0.0009) 1.96 (<.0001) 8.65 (<.0001) 0.100 (0.0511) 8.75 (<.0001) 0.138 (<.0001)
§For traits, see Table 4.

Table VII: Regression coefficient of DFH, DFS, ICC, GL, CI and NIS on mastitis§. (mastitis was classified into 5 groups)
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pathogens responsible for CM was in December or January. 
On the contrary, Bludau et al. [7] stated that heifers calving 
in spring have higher subclinical mastitis.

Similar to the results of previous studies [6, 16, 17], 
primiparous cows had lower incidence of abortion and 
retained placenta but higher incidence of stillbirth. Probably, 
this is due to that uterus of primiparous cows has steadier 
ligaments and better ability to keep fetus and expel placenta 
after parturition but also primiparous cows have smaller 
pelvic dimensions that can lead to more stillbirth at the end 
of lactation.

Our results showed that first and second lactation cows 
without retained placenta were at higher risk of CM. The 
reason is unknown but it seems retained placenta affect 
CM through either increase in immune response relevant 
to uterine infection or decrease in milk yield and therefore 
lightened tension in mammary system. Investigating the 
relationship between retained placenta and CM, Schukken 
et al. [39] pointed out cows with short-term (< 6 days) 
retained placenta had lower odds ratio compared to no 
retained placental cows whereas long-term (> 5 days) 
retained placenta had the highest odds ratio. Considering 
that most cases of retained placenta remain less than 6 days, 
it can be concluded that retained placenta has a positive 
effect on CM. Also, abortion increased the risk of CM in the 
first and second lactation cows. Lower lactation cows have 
higher milk persistency [40]. Pregnancy reduces milk yield 
[10, 26], especially in lower lactation cows, and pregnancy 
lose (i.e. abortion) leads to increase in milk production 
and subsequently increase in CM incidence, due to positive 
relationship between milk yield and CM [34]. On the other 
hand, cows with higher milk yield and liability to CM have 
more reproductive disorders [1, 9, 30] that intensify the 
association between abortion and CM.

In spite of nonsignificant effect of stillbirth on CM in 
the first and second lactations, stillbirth reduced risk of CM 
in ≥ 3 lactation cows. Twining, dysticia and calf sex had no 
significant effect on CM incidence. Although it was non-
significant, twining and dystocia increased CM in primiparous 
cows, but in later lactation cows dysticia slightly decreased 
CM. Effects of these factors on risk of CM occurrence are 
rare in literature. Atashi [3] stated that stillbirth significantly 
decrease milk yield and stillbirth cows have higher milk 
persistency and lower peak yield. Postpartum reproductive 
and metabolic diseases often had substantially positive effect 
on persistencies of both primiparous and multiparous cows 
and increasing persistency tended to reduce likelihood of CM 
[2]. Finally, consistent to the other studies [16, 41] incidence 
of mastitis in the previous lactation increased risk of CM.

MASTITIS AND REPRODUCTIVE PERFORMANCE

In both primiparous and multiparous cows, CM led to 
longer DFH, DFS, ICC and CI and more NIS. This was in 
agreement with the reports of previous studies [1, 21, 29, 34, 

37]. Moore et al. [27] suggested that CM may indirectly impair 
reproductive performance in dairy cows due to premature 
luteolysis or a prolonged follicular phase. Hansen et al. [19] 
stated that the mechanism by which extrauterine activation of 
immune and inflammatory responses leads toembryonic loss 
is not clear but they speculated these effects could be exerted 
at the level of the hypothalamus-pituitary-ovary-uterus axis. 
Also, Huszenicza et al. [23] reported that CM can affect the 
resumption of ovarian activity in postpartum dairy cows and 
also impair reproduction in cyclic cows. In addition, CM can 
cause inflammation and fever that leads to higher probability 
of abortion or embryonic loss. Risco et al. [35] reported that 
mastitic cows, within the first 45 days of gestation, were at 
greater risk of abortion (2.7 times) within the next 90 days 
than healthy cows. Similarly, Chebel et al. [11] showed that 
there is an association between occurrence of CM within 
the time frame of the day of artificial insemination and 
pregnancy loss and mastitic cows were at 2.8 times higher risk 
of pregnancy lose than uninfected cows. Many researches [9, 
30, 34] estimated a positive genetic correlation between milk 
yield, CM and fertility. Moreover, it has been declared [18, 
33] that CM incidence was greater in high-producing cows. 
It can be concluded that disorders such as CM and pregnancy 
loss play a modulation role in order to mitigate tension due 
to high level of production in high producing cows. However, 
Fourichon et al. [14] reviewed 70 published papers and 
concluded that CM had no effect on reproduction.

Consistent with the result of this study, investigating on 
effect of somatic cell count on reproductive hormones and 
oestrus behavior in dairy cows, Morris et al. [28] reported that 
cows with high somatic cell counts had less intense oestrus 
and onset of oestrus was delayed even after synchronization. 
In contrary to some studies [1, 25], mastitic cows had longer 
DFS. It can be due to lower relative costs of drugs and 
hormones in developed countries and subsequently higher 
rates of synchronization and fixed time insemination in their 
herds compared to the developing countries. Also, most of 
mastitic cows are amongst high producing cows and onset 
of ovarian activity in high yielding cows might have been 
delayed in comparison to lower milk producers. Further, it 
has been seen that farmers tend to postpone insemination of 
high producing cows.

Effect of calving season on reproductive performance 
was significant and winter calvers had the longest DFH, DFS, 
ICC and CI and the highest NIS. Probably, this is due to 
higher rate of some disorders such as CM and lameness and 
lower sanitation at winter compared to other seasons. Season 
can affect reproductive performance through deficiency of 
fodder in a particular season. It has been shown that there are 
discrepancies between feed qualities in different seasons [15]. 
Hudson et al. [21] stated that higher probability of pregnancy 
existed in fall and winter than summer. De Vries and Risco 
[12] mentioned that spring calving cows have greatest DFS, 
ICC and CI. In consistent, Gaafar et al. [15] reported that 
winter calving increased rate of dystocia relative to summer 
calving and dystocia had adverse effect on reproductive 
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traits. However, Nava-Trujillo et al. [29] reported no effect 
of calving season on DFS, ICC, first service conception 
rate and NIS in dual-purpose cows. The reported data on 
the effects of calving season on reproductive performance 
are inconsistent. Such discrepancies may be the result of 
differences in management, facilities and climate in different 
countries.

Because of non-significant effect of number of CM 
occurrences on GL in the first lactation, effect of CM on GL 
was not calculated within season. The highest difference in 
reproductive performance between mastitic and healthy 
cows was observed in summer and fall. This difference can be 
due to incidence of different microorganism within different 
seasons. Hertl et al. [20] investigated the effect of pathogen-
specific CM on conception. They reported that Escherichia 
coli and Klebsiella spp. had the greatest adverse effects on 
probability of conception. Also, interaction between CM and 
season can affect this difference. In addition, it can be due to 
that CM cows in comparison to healthy cows could not show 
their real reproductive potential because of the lower quality 
of winter ration. Regression coefficients of reproductive traits 
on number of CM cases showed that CM had greater effect 
on primiparous cows, in accordance with Nava-Trujill et 
al. [29]. However, Ahmadzadeh et al. [1] reported no effect 
of parity on DFS and NIS. It seems that different metabolic 
and immune responses to negative energy balance and 
also resumption of ovarian activity exist in the early weeks 
of lactation in primiparous cows compared to multiparous 
cows [22, 42]. Ohtsuka et al. [31] found that despite of 
higher cellular immune function, primiparous cows had 
significantly lower mammary gland immune cells at calving.

Conclusions

Multivariable logistic models were used to assess the 
effect of different risk factors on CM in different parities. 
The positive point of this study was assessment of risk factors 
within different lactations. Abortion and lack of retained 
placenta in the first two lactations and lack of stillbirth in ≥ 
third lactations were among significant risk factors for CM. 
Multiparous cows were at higher risk of CM than primiparous 
cows. Least squares means of reproductive traits in cows 
with different number of mastitis cases and different calving 
seasons were calculated by implementing linear models. CM 
negatively affected all reproductive traits. At first lactation, 
cows that experienced four CM cases had 49 days longer 
ICC and CI, ~19 days more DFS and ~0.45 more NIS than 
healthy cows. In general, the best and the worst reproductive 
performances occurred for cows with calvings in summer 
and winter seasons, respectively.
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