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A B S T R A C T   

This paper aims to describe clinical disease incidence in early lactation and explore its association with fertility 
and culling in 13 commercial grazing dairy herds in Uruguay. Seven farms with less than 250 dairy cows 
considered small herds (SH) with a herd size average ± (SD) of 144 ± (56) cows and six farms with more than 
500 cows considered large herds (LH) with a herd size average ± (SD) of 830 ± (239) cows were selected. Herd 
managers recorded health events during the first 90 days in milk in 5375 Holstein dairy cows [24.5% (n=1316) 
of them were primiparous cows, (PP)] during one year. Overall, 36.5% (n=1959) of the cows had at least one 
clinical health event between 1–90 days in milk. The cumulative incidences were 2.2% for twin birth and 4.9% 
for stillbirth. Cumulative incidence was 4.4% for retained placenta-metritis (RP-metritis), 27.6% for clinical 
mastitis and 5.0% for lameness. Our data showed that parity and herd size were risk factors for postpartum 
disease in grazing dairy herds. In PP cows, stillbirth incidence was higher than in multiparous (MP) cows 
(PP=6.9 ± 3.4, SD vs. MP=4.3 ± 2.6, SD), while in MP cows twin births (MP=2.7 ± 1.7, SD vs. PP=0.7 ± 2.7, 
SD), RP-metritis (MP=4.6 ± 3.9, SD vs. PP=3.8 ± 3.7, SD) and mastitis incidence (MP=30.9 ± 11.4, SD vs. 
PP=17.2 ± 13.9, SD) was higher. Clinical mastitis (LH=29.4 ± 9.6, SD vs. SH=19.1 ± 11.3, SD) and lameness 
incidence (LH=5.6 ± 1.9, SD vs. SH=2.3 ± 2.1, SD) was higher in large herds than in small herds. RP-metritis 
was increased by stillbirth (OR=4.4, 95 % CI=2.9–6.5) and twin birth (OR=2.8, 95 % CI=1.5–5.1). Diseases had 
a negative impact on time to first service and pregnancy rate and increased culling hazard rate. Disease incidence 
in early lactation was high and showed a wide variation among herds (10.4%–48.7%), which highlights the 
relevance of a herd health program prioritizing the early lactation disease control.   

1. Introduction 

It is well known that diseases (clinical and subclinical) can 
compromise animal welfare and lead to economic losses, increasing the 
risk of involuntary culling (Galligan, 2006; Kerslake et al., 2018), 
although few reports are available about postpartum clinical disease on 
grazing dairy herd. Disease has been responsible for higher number of 
open days (McDougall, 2001), decrease in milk quality and quantity and 
elevated costs related to treatments and replacement animals (Ingvart-
sen, 2006; Mulligan and Doherty, 2008). The risk for health problems is 
highest during the transition period in the lactating cow, especially in 
the first month after calving (Goff and Horst, 1997; LeBlanc et al., 2006) 

because of the negative energy balance (NEB) (Drackley, 1999) and 
depression of the immune system (Wells et al., 1977; Detilleux et al., 
1995) that affects all cows. LeBlanc (2010) reported that between 
30–50% of dairy cows suffered some type of disease during the transi-
tion period. Several studies also reported a strong association between 
diseases; for instance, cows with a stillbirth are at greater risk of retained 
placenta and metritis, while cows developing milk fever are at greater 
risk of abomasal displacement (Curtis et al., 1983; Oltenacu et al., 1990; 
Correa et al., 1993). 

Most of the information related to health and disease in dairy cows 
has been generated in confinement systems. Studies comparing 
confinement and grazing systems consistently reported fewer clinical 
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health problems in the latter (Goldberg et al., 1992; Washburn et al., 
2002), although Sepúlveda Varas et al. (2015) reported high clinical and 
subclinical disease incidence even in grazing herds. This is relevant, 
since the consumer image of grazing cows is associated with animal 
welfare (Verkerk and Hemsworth, 2010), but the trend to increase farm 
size (Robbins et al., 2016) may increase disease incidence. According to 
Beggs et al. (2015), increasing herd size in grazing systems entails longer 
milking times, more time away from the paddock and longer walking 
distance, reducing animal welfare unless specific husbandry practices 
are implemented (Verkerk and Hemsworth, 2010). Indeed, a higher 
lameness prevalence (Flor and Tadich, 2008) were reported on larger 
dairy farms and also reduced bulk tank somatic cell counts was associ-
ated with smaller herds (McDougall, 2003). In confined systems, 
involuntary culling rate increased with herd size (Smith et al., 2000), 
which is related to animal welfare (McConnel, 2010) and lower dairy 
farm profitability (Armengol and Fraile, 2018). 

Parity is also a well-known risk factor for some diseases (Ruprechter 
et al., 2018), as primiparous cows (PP) have a higher risk of metritis than 
multiparous cows (MP) (Sepúlveda Varas and Wittwer Menge, 2017). 
However, MP cows have a higher risk of milk fever, subclinical hypo-
calcemia, retained placenta and mastitis (Reinhardt et al., 2011; Suthar 
et al., 2013; Richardet et al., 2016; Ruprechter et al., 2018). The adap-
tation of PP cows to the transition period differs from MP cows because 
they have additional energy requirements for growth, in addition to the 
stress of the first calving and introduction to the milking parlour, among 
others (Eicher et al., 2007). 

As mentioned before, health studies in dairy grazing systems are 
scarce (Sepúlveda Varas et al., 2015). Additionally, cow management in 
grazing systems is strongly influenced by climatic conditions; therefore, 
the risk factors affecting cows may also differ (Compton et al., 2007) 
from housed systems. Thus, this paper aims to describe the magnitude 
and variation of disease incidence during early lactation in commercial 
grazing dairy herds, and explore risk factors for disease and their asso-
ciation with fertility and culling. 

2. Materials and methods 

The experimental protocol was evaluated and approved by the 
Honorary Committee for Animal Experimentation in Uruguay (CHEA – 
UdelaR, Montevideo, Uruguay). 

2.1. Dairy herd selection 

A prospective cohort study was conducted in 13 commercial dairy 
herds located within a radius of 40 km around Florida, Uruguay (34◦05′

S and 56◦12′ W). Herd selection was based on convenience: the herds 
were required to have permanent professional advice (agronomist and 
veterinarian), and reliable health, reproductive and productive records. 
Seven dairy herds (numbered 1–7) were classified as small herds (SH), 
with an average (SD) herd size of 144 (±56), cows. Six were classified as 
large herds (LH) (numbered 8–13), with an average (SD) herd size of 830 
(±239) cows. Dairy herds were visited every 20 days by the same 
veterinarian (the first author). A total number of 5375 Holstein dairy 
cows were included in this study. Descriptive information about pro-
ductive indicators of the herds is presented in the Supplementary table. 

2.2. Feeding and milking management 

All the dairy herds used a mixed grazing system. Cows grazed all year 
round and were supplemented with grain-based concentrate and 
conserved forage (silage, haylage or hay). Mean kg of dry matter (DM)/ 
cow/day throughout the year is shown in the supplementary table. The 
supplement, in particular the forages, varied according to pasture 
deficit. All small herds and farms 8, 9 and 13 fed concentrates in the 
milking parlour. The other large herds (farms 10, 11 and 12) fed con-
centrates exclusively in the partial mixed ration (PMR) at feed bunks. All 

cows were milked twice a day. Monthly test day was performed in 10 of 
the 13 dairy herds. 

2.3. Reproductive management 

The small herds had an all year round calving system while the large 
herds had a seasonal calving system (6–9 months) starting in autumn 
(February to April), except for herd 9, which had a split calving system 
[autumn and spring (August to October)]. Average rainfall for each 
season was 216 mm for autumn, 86 mm for winter, 75 mm for spring and 
71 mm for summer. Relative to average temperature for each season was 
17.5◦C for autumn, 10◦C for winter, 13◦C for spring and 21◦C for 
summer (INIA, 2021). 

The voluntary waiting period varied according to each herd and 
averaged 44.6 (±8.0, SD) days. All dairy herds used artificial insemi-
nation (AI) with estrous detection, while dairy herds 8, 10 and 11 (LH) 
also used fixed time AI at the beginning of the mating period. Dairy 
herds 1, 3, 5, 7 and 12 used exclusively AI, the others combined AI and 
bulls. Pregnancy diagnosis was performed by the dairy herd veterinarian 
by transrectal palpation or ultrasonography 35–60 days after breeding. 
Breeding and pregnancy information up to 300 days in milk (DIM) was 
recorded. 

2.4. Udder health management 

All dairy herds used dry cow antibiotic therapy, and except for herd 
6, all herds used post-milking teat dipping. Only herds 5, 8 and 9 used 
pre-milking disinfection and herds 2, 5, 7, 9, 10, 11 and 13 performed 
forestripping. Small herd 7 and all the large herds had antibiotic pro-
tocols to treat clinical mastitis and dairy herds 8, 12 and 13 employed a 
mastitis specialist. 

2.5. Study design and disease recording 

A total of 5375 Holstein dairy cows (1316 PP and 4059 MP) that 
calved between 1 March 2016 and 1 March 2017 were evaluated. Data 
for each individual cow included: parity (PP or MP), milk yield (at the 
first three monthly herd tests), calving date and description (calf sex, 
stillbirth, single or twin), calving season (autumn-winter: March to 
August; spring-summer: September to February), disease events in the 
first 90 DIM and also culling and reproductive parameters until 300 
DIM. The date of the first service and the date of conception were 
recorded, as well as the date of culling. Culling in this study was defined 
as any cow that died or those that were sold for slaughter. We considered 
involuntary culling as the removal of animals from the herd, implying 
that if the cause or event had been avoided, the cow would have had 
sufficient merit to remain in the herd (Stevenson and Lean, 1998). Herd 
managers were asked to register the cause of death or the reason of 
culling from the herd. Herd managers were instructed to record only 
disease events (described below) that required treatment and they 
received a protocol to standardize disease definition prior to the start of 
the study. Stillbirth was defined as a calf born dead or a calf that died 
within 24 h of birth (Juozaitiene et al., 2017). Retained placenta and 
metritis (RP-metritis) were treated as a single uterine disease (Carvalho 
et al., 2019). The definition was failure to expel the placenta within 24 h 
after parturition (LeBlanc, 2008) and/or a fetid watery red-brown 
uterine discharge, associated with signs of systemic illness (decreased 
milk yield, dullness or other signs of toxemia) and fever >39.5 ◦C 
(Sheldon et al., 2006). Milk fever was defined as a cow with clinical signs 
of milk fever, such as muscular weakness (Berge and Vertenten, 2014) or 
recumbency, with a positive response to calcium treatment (Sepúlveda 
Varas et al., 2015). Recumbent cow disorder was defined as a cow that 
was unable to stand up (Correa et al., 1993) with lack of response to 
calcium treatment. The definition of clinical mastitis (CM) included all 
cows with abnormal milk or inflammation in one or more quarters 
(McDougall et al., 2008) detected and treated by the milkers. Lameness 
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was defined as cows treated for foot problems (Bargo et al., 2009). Other 
diseases included cows treated for indigestion (defined as change in 
fecal consistency (Berge and Vertenten, 2014), decreased appetite and 
absence of rumination), bovine leukosis diagnosed by the veterinarian 
and miscellaneous disease (bovine actinomycosis, abscess, fever). 

2.6. Statistical analysis 

Statistical analyses were performed with SAS University (version 9.4, 
SAS Institute Inc., Cary, NC), considering the cow as the unit of interest. 
Disease cumulative incidence was summarized through descriptive 
statistics according to parity (PP vs MP) and herd size (SH vs LH) using 
FREQ and MEANS procedures. Before application of multivariable 
models, a stratified analysis was performed. All the disease events were 
coded as 0, 1 (yes, no) dichotomous variables. To evaluate the associa-
tion between stillbirth and twins, a multivariable logistic regression 
(MLR) using GLIMMIX procedures were used considering parity and 
herd size as fixed effects and herd as random effect. To evaluate the risk 
of peripartum diseases (RP-metritis, mastitis, lameness) according to 
parity (PP and MP) and herd size (SH and LH), data were analyzed by 
MLR using GLIMMIX procedures of SAS. Dairy herd was included as a 
random effect. The model for RP-metritis also included stillbirth and 
twin birth. To test the effect of parity (PP vs. MP) on CM incidence up to 
14 DIM, GLIMMIX procedures were performed considering herd size and 
parity as fixed effects and herd as random effect. The analysis was made 
considering variation among cows inside a herd. Culling and fertility 
outcomes (first service and pregnancy) were analyzed using Cox’s pro-
portional hazard analyses, using PHREG procedures of SAS. A manual 
backward selection procedure was used to build the final models. Based 
on Akaike’s information criterion, the best fitting model was selected. 
Assumptions on the proportional hazard risk were verified as suggested 
by Dohoo et al. (2003). Additionally, a frailty model was adjusted 
considering herd as a random effect in the 3 models. Two way in-
teractions were also evaluated in the models. Statistical significance was 
set at P ≤ 0.05. The 3 final models included the fixed effects of parity and 
herd size (as forced variables), diseases (RP-metritis, mastitis and 
lameness) as categorical variables and milk production as a continuous 
variable (using the milk yield mean of the first three monthly herd tests). 
For the fertility models (first service and pregnancy) dairy herd 9 was 
excluded from the models, because it was the only herd with a split 
calving season. 

3. Results 

3.1. Disease incidence 

From a total of 5375 cows, 24.5% were PP cows (n=1316). Overall, 
36.5% (n=1959) of the cows monitored had at least one clinical disease 

during the first 90 DIM. Disease incidence and calving characteristics 
according to parity and herd size are shown in Tables 1 and 2. 

Clinical mastitis was the most frequent disease, with an overall 
incidence of 27.6% (n=1483) during the first 90 DIM. After performing 
MLR, CM was affected by parity, with higher odds in MP than in PP cows 
(OR=1.8; 95% confidence interval (CI)=1.6–2.2), and by herd size, with 
higher odds in large herds (OR=2.5; 95 % CI = 1.3–5.1) (Table 3). The 
median of days to the first CM case was 14 (4–43, Q1-Q3) DIM. How-
ever, the proportion of cows with CM within these 14 DIM was different 
according to parity: in PP cows, from the total cases of CM (n=226) 61% 
(n=137) occurred during the first 14 DIM, although in MP cows, from 
the total cases (n=1256) only 49% (n=612) occurred during the first 14 
DIM. In the MLR the odds of CM in the first 14 DIM was 1.3 (95% 
CI=1.1–1.6) times higher in PP than MP cows. 

The overall cumulative incidence of RP-metritis was 4.4% (n=235), 
while the mean and median time to RP-metritis diagnosis was 7 (±12, 
SD) and 3 (2–6, Q1-Q3) DIM respectively. After performing MLR, herd 
size was not significant (Table 3). However parity was significant. The 
odds of RP-metritis increased in MP cows (OR=1.4; 95% CI=1.0–2.0), 
after adjustment by stillbirth and twins. The odds of RP-metritis were 3 
(95% CI=1.5–5.0) times higher for cows with twin birth, and were 4 
(95% CI=2.9–6.5) times higher in cows with stillbirth (Table 3). 

Lameness incidence in the first 90 DIM was 5.0% (n=269) and was 
not affected by parity, but was affected by herd size, being greater in 
large herds (OR=2.4; 95% CI=1.6–3.9) in the MLR model (Table 3). 
Mean time from calving to diagnosis was 36 DIM (±27.1, SD). Diseases 
such as milk fever, recumbent cow syndrome, bovine leukosis, indi-
gestion and others had very low incidence, less than 1%, reason why 
there were not analyzed due to the lack of statistical power. Overall, 
twin birth and stillbirth incidence were 2.2% (n=118) and 4.9% 
(n=264) respectively. There was no effect of herd size, but parity 
affected both (Table 1 and 2). The odds of being a dead calf were higher 
in twin births than in single births (OR=6.8; 95% CI=4.3–10.8). 

3.2. Reproduction 

Overall, 78.7% (n=3456) of the cows in the study were inseminated. 
This percentage was affected by parity (PP=83.9% (n=774) vs. MP =
77.4% (n=2682), P< 0.01) and herd size (SH = 86.7 % (n = 814) vs. LH 
= 76.6 % (n = 2642), P < 0.01). Mean and median calving to first AI 
interval was 84 (± 44, SD) and 76 (54–99, Q1-Q3) days respectively and 
76.2 % (n = 2634) of the cows received their first AI within the first 100 
DIM. In the final model, considering 300 DIM, all the variables consid-
ered in the model were significant for time to first AI, with the exception 
of herd size (Table 4). The insemination hazard rate (HR) was 12 % 
lower for MP cows respect of PP cows (HR = 0.88, 95 % CI =

Table 1 
Calving characteristics and disease cumulative incidence over the first 90 DIM of 
dairy cows in 13 grazing dairy herds in Uruguay, according to parity [Primip-
arous cows (PP), n=1316, Multiparous cows (MP), n=4059].  

Variable Overall n (%) PP n (%) MP n (%) 

Twins 118 (2.2) 9 (0.7) 109 (2.7) 
Stillbirth 264 (4.9) 91 (6.9) 173 (4.3) 
RP-METa 235 (4.4) 50 (3.8) 185 (4.6) 
MASTb 1483 (27.6) 226 (17.2) 1257 (30.9) 
LAMEc 269 (5.0) 76 (5.8) 193 (4.7) 
Othersd 163 (3.0) 10 (0.76) 153 (3.7) 

Sick cowse 1959 (36.5) 337 (25.6) 1622 (39.9)  

a Retained placenta-metritis. 
b Clinical Mastitis. 
c Lameness. 
d Others: downer cow, hypocalcemia, leukosis, indigestion among others. 
e Sick cows: Cows with any of the preceding diseases. 

Table 2 
Calving characteristics and mean, minimun and maximun disease cumulative 
incidence over the first 90 DIM of dairy cows in 13 grazing dairy herds in 
Uruguay according to herd size [Cows in small herds (SH), n=939, cows in large 
herds (LH), n=4436].   

SH (n=939) LH (n=4436)  

Mean Min Max Mean Min Max 

Twins 2.0 0.0 7.0 2.2 1.0 3.8 
Stillbirth 5.4 0.0 11.0 4.8 3.6 5.6 
RP-METa 6.6 1.0 13.0 3.9 0.3 7.5 
MASTb 19.1 5.8 37.0 29.4 15.8 43.8 
LAMEc 2.3 0.0 5.6 5.6 3.5 8.4 
Othersd 2.88 0.6 5.1 3.1 0.7 8.8 

Sick cowse 26.6 10.4 45.7 38.5 25.3 48.7  

a Retained placenta-metritis. 
b Clinical Mastitis. 
c Lameness. 
d Others: downer cow, hypocalcemia, leukosis, indigestion among others. 
e Sick cows: Cows that had any of the diseases below. 
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0.79− 0.98). Cows with CM, lameness, RP-metritis and twin births 
showed 39 %, 47 %, 31 % and 24 % lower insemination HR, respectively 
(Table 4). Milk yield showed slightly but significant effect with a 1.2 % 
increase in the HR of the first service for every litre of increase in pro-
duction. This final model also retained the interaction of mastitis and 
lameness, which unexpectedly showed a relative increased in the 
insemination HR. 

The overall pregnancy risk was 66.6% (n=2922) at the end of the 
study (300 DIM). The total proportion of pregnant cows was affected by 
parity (PP=75.8% (n=700) vs. MP=64.1% (n=2222), P<0.01). Pro-
portion of pregnant cows was also affected by herd size [SH=74.2% 
(n=697) vs. LH=64.5% (n=2225), P< 0.01]. Mean and median calving 
to conception interval was 116.5 (± 57.5, SD) and 103 (75–148, Q1-Q3) 
DIM. Moreover, 48.2% (n=2922) of the cows got pregnant within the 

first 100 DIM. In the Cox regression model, considering 300 DIM, all the 
variables were significant, with the exception of herd size (Table 5). The 
pregnancy HR for MP cows was 20% lower respect of PP cows 
(HR=0.80, 95% CI=0.73− 0.88). Cows with CM, RP-metritis, lameness 
and stillbirth were 12% (HR=0.88, 95% CI=0.81− 0.96), 36% 
(HR=0.64, 95% CI=0.52− 0.79), 38% (HR=0.62, 95% CI=0.51− 0.75) 
and 30% (HR=0.70, 95% CI=0.58− 0.85) lower pregnancy HR, 
respectively. 

3.3. Culling 

From the 5375 cows, 20.6% (n=1108) were culled before the end of 
the study (300 DIM). The median of the days to culling was 107 (42–184 
Q1-Q3) DIM. From the total culling, 44% (n=487) occurred in the first 
90 DIM. Culling was affected by parity (MP=22.2%, n=903 vs. 
PP=15.6%, P< 0.01) and herd size (LH=22.3% n=988 vs. SH=12.8% 

Table 3 
Multivariable logistic regression model estimates for retained placenta-metritis, mastitis and lameness in 13 grazing dairy herds in Uruguay.  

RP-metritis Variable Value Estimate SE OR 95 %CI t value Pr > |t|  

Intercept  − 3.49 0.45   − 7.79 <0.01  
Parity MP vs PP 0.36 0.17 1.44 1.02− 2.02 2.08 <0.05  

Herd size LH vs SH − 0.51 0.60 0.59 0.18− 1.95 − 0.86 NS  
Stillbirth Dead vs live 1.47 0.20 4.36 2.92− 6.51 7.20 <0.01  

Twins Twin vs single 1.02 0.30 2.77 1.52− 5.05 3.33 <0.01 

Mastitis Variable Value Estimate SE OR 95 %CI t value Pr > |t|  

Intercept  − 2.17 0.26   − 8.30 <0.01  
Parity MP vs PP 0.61 0.08 1.84 1.56− 2.18 7.13 <0.01  

Herd size LH vs SH 0.93 0.35 2.54 1.26− 5.09 2.62 <0.01 

Lameness Variable Value Estimate SE OR 95 %CI t value Pr > |t|  

Intercept  − 3.58 0.23   − 15.03 <0.01  
Parity MP vs PP − 0.20 0.13 0.82 0.62− 1.07 − 1.45 NS  

Herd size LH vs SH 0.89 0.22 2.45 1.58− 3.82 3.98 <0.01 

OR= Odd Ratio 
CI= Confidence interval 
MP= Multiparous cows 
PP= Primiparous cows. 
LH= large herds 
SH= Small herds 
NS= No significant 

Table 4 
Final Cox proportional hazards model factors associated with time to first service 
in 13 grazing dairy herds in Uruguay.  

Variable Class Estimate SE HR 95 %CI Pr >
ChiSq 

Parity MP vs PP − 0.12 0.05 0.88 0.79− 0.98 <0.05 
Herd 

size 
LH vs SH − 0.18 0.12 0.83 0.67− 1.05 NS 

RP-METa Present vs 
NPd 

− 0.36 0.10 0.70 0.57− 0.85 <0.01 

MASTb Present vs 
NPd 

− 0.48 0.19 0.61 . <0.05 

LAMEc Present vs 
NPd 

− 0.63 0.11 0.53 . <0.01 

Twins Twin vs 
single 

− 0.26 0.12 0.76 0.61− 0.96 <0.05 

Milk 
yield  

0.015 0.004 1.012 . <0.01 

MP = Multiparous cows 
PP = Primiparous cows. 
LH = large herds 
SH = Small herds 
HR= Hazard ratio 
CI = Confidence interval 

a Retained placenta-metritis. 
b Clinical mastitis. 
c Lameness. 
d NP = Not present. 

Table 5 
Final Cox proportional hazard model factors associated with time to pregnancy 
in 13 grazing dairy herds in Uruguay.  

Variable Class Estimate SE HR 95 %CI Pr >
ChiSq 

Parity MP vs PP − 0.22 0.04 0.80 0.73− 0.88 <0.01 
Herd size LH vs SH 0.02 0.10 1.02 0.84− 1.24 NS 

MASTa Present vs 
NPd 

− 0.12 0.04 0.88 0.81− 0.96 <0.05 

RP-METb Present vs 
NPd 

− 0.43 0.10 0.64 0.52− 0.80 <0.01 

LAMEc Present vs 
NPd 

− 0.48 0.09 0.62 0.51− 0.75 <0.01 

Stillbirth Present vs 
NPd 

− 0.35 0.09 0.70 0.58− 0.85 <0.01 

MP = Multiparous cows 
PP = Primiparous cows. 
LH = large herds 
SH = Small herds 
HR= Hazard ratio 
CI = Confidence interval. 
NS = No significant 

a Clinical mastitis. 
b Retained placenta-metritis. 
c Lameness. 
d NP = not present. 
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n=120, P< 0.01). Final model results showed that parity was associated 
with hazard of culling, as MP cows had increased hazard of culling 
(HR=2.9, 95% CI=2.3–3.8) compared with PP cows (Table 6). The 
culling HR was 2.3 (95% CI=1.98− 2.76) times higher for cows with CM 
and 1.6 (95% CI=1.2–2.2) times higher for lame cows. 

4. Discussion 

The disease incidence in the first 90 DIM found in this study (36.5%) 
is similar to the incidence reported in other studies performed in grazing 
systems (Stevenson, 2000; Sepúlveda Varas et al., 2015). However, it is 
difficult to compare disease incidences between studies, because diag-
nostic criteria and record management may differ (Stevenson, 2000). In 
our study, MP cows had a higher proportion of affected animals in 
comparison to PP cows, and this was also reported in Argentina by Bargo 
et al. (2009). Nevertheless, in their study the percentage of sick MP cows 
was higher than in ours (67% vs. 40.0%), and although they had a 
similar disease definition and register of events than ours, they studied 
37 dairy farms being a three year-long study. According to herd size, 
most studies report disease prevalence instead of disease cumulative 
incidence in the first 90 DIM as we do, therefore in order to compare 
with others studies this fact must be taken into account. Also, study 
designs in the existing literature differ considerably and the definition of 
large and small herd sizes, are country specific. Cows in small herds had 
less clinical disease events, as reported by Hill et al. (2009), who also 
found that the likelihood of disease increased in large herds. However, 
Beggs et al. (2019) found no difference in disease prevalence among 
different herd sizes in grazing dairy systems, and neither did Gieseke 
et al. (2018) in freestall housing systems. 

Twin birth (2.2%) and stillbirth (4.9%) incidence was similar to 
other studies in grazing systems [McDougall, 2001 (1.5%; 9.4%); Mee 
et al., 2008 (2.7%; 4.3%); Hayes et al., 2012 (3.3%; 8.2%)]. The higher 
incidence of twins in MP cows is in agreement with Silva del Río et al. 
(2007). This might occur because the multiple ovulation rate increases 
in older cows (Macmillan et al., 2018). Moreover, twin birth affected 
stillbirth, in agreement with others (Silva del Río et al., 2007; Berry 
et al., 2007), which is mainly due to a shorter gestation period (Nielen 
et al., 1989). It should be noted that twin birth is also a risk factor for 
dystocia and therefore for calf mortality (Berry et al., 2007). The inci-
dence of twins was lower in primiparous cows, although stillbirth was 
greater (6.9% vs. 4.3%). Similar, Mee et al. (2008) reported 7.7% and 
3.5% of stillbirth in PP and MP, respectively, mainly explained by higher 
calving assistance and dystocia in PP cows (Mee et al., 2008; Bleul, 

2011), which is one of the most important risk factors for stillbirth 
(Meyer et al., 2000). Herd size had no effect on these variables, in 
agreement with Mee et al. (2008). However, Silva del Río et al. (2007) 
reported an increase in calf mortality as herd size increased; they 
postulated that individual cows may be less intensively managed during 
calving in larger herds and/or calf mortality may be more accurately 
reported than in smaller herds. 

In the present study, the overall incidence of RP-metritis (4.4%) was 
lower than the range reported for RP and metritis mentioned in grazing 
systems that varies between 5.3% and 41.1% (Hayes et al., 2012; 
Sepúlveda Varas et al., 2015; Sepúlveda Varas and Wittwer Menge, 
2017; Carvalho et al., 2019). We used a single disease definition for 
RP-metritis, as did Carvalho et al. (2019), because the farms in our study 
did not make a distinction between RP and puerperal metritis: both were 
treated with antibiotics. In most of the aforementioned studies, the 
researcher or veterinarian of the dairy herd diagnosed the disease 
following a postpartum monitoring protocol. We relied on the farm 
worker to make the diagnosis, and therefore the incidence in our study 
may have been underestimated. The MP cows had a higher odds of 
RP-metritis, in agreement with others (Kaneene and Miller, 1994; Daros 
et al., 2017), possibly associated with a higher incidence of RP and a 
higher incidence of subclinical hypocalcemia and subclinical ketosis 
(Curtis et al., 1983; Martínez et al., 2012; Berge and Vertenten, 2014) 
considering that severe negative energy balance impairs immune func-
tion (LeBlanc, 2010). However, some authors report a higher risk of 
metritis in PP cows (Markusfeld, 1984; Toni et al., 2015), associated 
with a higher risk of dystocia (Kaneene and Miller, 1994). We found that 
stillbirth and twin birth are associated with RP-metritis, which is in 
agreement with others (Muller and Owens, 1974; Markusfeld, 1984; 
Oltenacu et al., 1990; Chassagne et al., 1999; McDougall, 2001). This is 
thought to be associated with increased calving assistance and dystocia 
(Meyer et al., 2000; Berry et al., 2007; Bleul, 2011) which may increase 
uterus contamination because of the human intervention (Dubuc et al., 
2010). Herd size was not associated with RP-metritis in agreement with 
Bruun et al. (2002). However, some researchers found more cows with 
RP-metritis in larger herds, presumably associated with different man-
agement practices such as better detection and disease recording 
(Fourichon et al., 2001). 

Overall incidence of CM in the first 90 DIM in the present study 
(27.6%) was higher than the reported in another study in a grazing 
system, that studied CM incidence during a full lactation (Petrovski 
et al., 2009, 14.8%). Clinical mastitis is a multifactorial disease, but the 
high incidence in our study could be partially attributed to the rainy 
weather in April 2016, a month in which it rained 360 mm in the area in 
which the farms are situated, while the historical average is 90 mm 
(Inumet, 2020). Many farm tracks collapsed and the paddocks for 
springing and lactating cows on most farms became very muddy and 
wet. It has been reported that poor udder hygiene is a risk factor for 
mastitis (Ruegg, 2009). Unfortunately in the present study the type of 
mastitis (environmental or contagious mastitis) was not diagnosed. In 
our study, MP cows had a higher odds for CM than PP cows, in accor-
dance with other studies (Petrovski et al., 2009; Richardet et al., 2016). 
This may be explained because older cows have higher milk yields 
(Ingvartsen et al., 2003), which is associated with higher odds of clinical 
mastitis (Oltenacu and Ekesbo, 1994) and subclinical hypocalcemia, 
which in turn reduces the contraction of the teat sphincter muscle and 
affects immune function (Kimura et al., 2006; Goff, 2014). Indeed, it was 
reported that older cows might be related to the decrease in the integrity 
of the streak canal (Cousins et al., 1980) and teat sphincter patency as 
udder defence mechanisms may deteriorate with age (Dingwell et al., 
2004). Also, MP cows, because of their previous lactations, increase 
their risk of CM in the subsequent lactation (Pantoja et al., 2009; Pinedo 
et al., 2012). Finally, the odds of ketosis is higher in MP cows (Berge and 
Vertenten, 2014) which is associated to higher odds of mastitis (LeBlanc, 
2010; Berge and Vertenten, 2014) related to the impairment of udder 
defence mechanisms during hyperketonemia (Suriyasathaporn et al., 

Table 6 
Final Cox proportional hazard model factors associated with time to culling in 13 
grazing dairy herds in Uruguay.  

Variable Class Estimate SE HR 95 %CI Pr >
ChiSq 

Parity MP vs PP 1.08 0.13 2.94 2.26− 3.82 <0.01 
Herd size LH vs SH 0.36 0.24 1.43 0.89− 2.32 NS 

MASTa Present vs 
NPc 

0.85 0.08 2.34 1.98− 2.76 <0.01 

LAMEb Present vs 
NPc 

0.49 0.15 1.64 1.23− 2.21 <0.01 

Milk 
yield  

− 0.07 0.008 0.93 0.91− 0.94 <0.01 

MP = Multiparous cows. 
PP = Primiparous cows. 
LH = large herds. 
SH = Small herds. 
HR= Hazard ratio. 
CI = Confidence interval. 
NS = No significant. 

a Clinical mastitis. 
b Lameness. 
c Not present. 
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2000). However, in the first two weeks postpartum, mastitis as a per-
centage of total cases was higher in PP than MP cows, in agreement with 
others (Barkema et al., 1998; Olde Riekerink et al., 2008). Risk factors 
for PP are different than for MP cows; the PP cows are still growing and 
they are going through the process of adaptation to lactation and 
milking management (Parker et al., 2007). One risk factor for CM re-
ported in PP cows is mixing them with MP cows after calving (Parker 
et al., 2007). In the present study, only herd 11 managed a heifer mob, (a 
separate group from adult cows). 

The odds for CM were greater in large herds, which may be associ-
ated with management. For instance, large herds concentrate calving in 
autumn, a rainy season. The high number of animals being in their 
highest risk period for diseases could increase CM incidence. This could 
be due to greater exposure to environmental pathogens (high stocking 
density in calving paddocks in which hygiene is difficult to manage and 
feeding areas that are difficult to keep clean) and an increase in the 
number of cows milked per person as reported previously (Parker et al., 
2007). On the other hand, Hill et al. (2009) reported decreased disease 
prevalence as herd size increased, and explained that management in 
large herds may be better than in small herds and thus, contribute to a 
lower disease prevalence. 

Overall incidence of lameness in our study was 5%, lower than 
previous reports in New Zealand herds (10%, Chesterton, 2006). How-
ever, to make a correct diagnosis, an appropriate infrastructure is 
required, which was not present in our study; thus, this incidence could 
be underestimated. No significant difference was found according to 
parity, although in a study carried out in an Uruguayan grazing dairy 
herd during 4 years, it was found that lameness was more frequent in PP 
than MP cows (24% vs. 15.9%) (Ramos and Freire, 2006). The authors 
attribute this to the fact that excessive wear of the sole and bruising are 
more common in younger cows. Nevertheless, in other studies, MP cows 
were more likely to be lame (Rutherford et al., 2009), associated with 
heavier body weight (Wells et al., 1993). We found a greater lameness 
odds in large herds, Flor and Tadich, 2008 reported higher prevalence of 
lame cows in larger herds, probably due to longer walking distances. In 
the present study cows in the SH walked in average (SD) 3.2 (± 1.3) km 
per day while cows in LH walked in average (SD) 5.9 (± 1.8) km per day. 

In the final model, PP cows had a higher first insemination HR, this 
result was not expected. Indeed, as reported, PP cows have delayed in-
terval to first AI (Butler and Smith, 1989; Meikle et al., 2004) associated 
to longer anestrous duration because of the NEB, that in heifers could be 
due to lower DMI, ascendant lactation curve and/or growth re-
quirements (Meikle et al., 2004). Pregnancy HR was also affected by 
parity, with a higher pregnancy HR for PP cows. This could be associated 
with less metabolic stress in this category due to lower milk yield in the 
early postpartum period as reported by Galvão et al. (2010). Also, MP 
cows have a larger uterine size, being a reason for negative effect on 
fertility in comparison to PP cows (Baez et al., 2016). 

Retained placenta-metritis, CM and lameness had a negative effect 
on first AI and pregnancy HR, in agreement with others (Santos et al., 
2004; Hayes et al., 2012; Ribeiro et al., 2013; Toni et al., 2015; Pinedo 
et al., 2016). Indeed, it has been reported that disease negatively affects 
fertility, delaying cyclicality after calving and compromising embryo 
development because of inflammatory mediators (Cullor, 1990; Sheldon 
et al., 2002; Soto et al., 2003). Disease could also be associated with 
lower feed intake, exacerbating NEB and loss of body condition, which 
delays the resumption of ovarian cyclicality and increases the risk for 
low conception rates (Butler, 2000). Stillbirth affected pregnancy HR 
and twin birth affected first AI HR, both of which are closely associated 
with RP-metritis (a risk factor in the present study) (Grohn et al., 1990; 
Giuliodori et al., 2013). Moreover, milk production affected time to first 
AI, however Toni et al. (2015) did not found an association between 
milk yield and first AI. 

The greater HR for culling in MP cows in our study is in agreement 
with others (Rajala-Schultz and Grohn, 1999; De Vries et al., 2010; 
Dubuc et al., 2011), and could be associated to the fact that to achieve 

economic amortization of the heifers cost they must stay at the herd 
more than one lactation (Seegers et al., 1998; Boulton et al., 2017). Also 
it could be associated to the higher disease incidence in this category 
(Shahid et al., 2015) as was shown in Table 1. Moreover, the involuntary 
culling HR for cows with CM and lameness was higher than for healthy 
cows, as was also reported by others (Grohn et al., 1998; Santos et al., 
2004; Booth et al., 2004; del P Schneider et al., 2007; Bar et al., 2008). A 
sick cow causes greater economic losses related to antibiotic treatment, 
non-saleable milk, veterinary costs and lower milk production (Galligan, 
2006; Rollin et al., 2015). Higher yielding cows had less culling HR, as 
reported previously (Grohn et al., 1998), possibly because disease de-
presses milk yield. 

Overall, health problems had a negative impact on indicators of dairy 
herd fertility and culling; also, disease incidence in early lactation was 
high and showed a wide variation among herds, revealing the impor-
tance of preventive herd health program which could improve cow 
reproductive performance and reduce the hazard of culling. 

5. Conclusions 

According to the study finding, we conclude that in these grazing 
dairy farms in Uruguay, mastitis was the disease of greater incidence. 
Multiparous cows had more mastitis and retained placenta-metritis than 
primiparous cows. Clinical mastitis and lameness incidence was higher 
in large than in small herds. Moreover, disease has a negative impact on 
reproductive performance and increases involuntary culling. 
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