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Abstract 
Mastitis frequency could be affected by animal and environmental conditions such as dairy cow genetics and feeding 
strategies. Thus, the objective of this study was to analyze the probability of clinical mastitis and somatic cell count (SCC) 
for New Zealand (NZ) and North American (NA) Holstein-Friesian cows maintained on two different feeding strategies 
(pasture or mixed). A total of 120 cows from the experimental dairy farm of the National Agricultural and Livestock Re-
search Institute (INIA, by its Spanish acronym) (Colonia, Uruguay) were grouped into four groups derived from the combi-
nation of two feeding strategies: Grass Maximum or Grass Fixed, and two Holstein strains: NZ or NA (n=30). Clinical 
mastitis and SCC were evaluated monthly during a whole lactation period. There was an interaction between the Holstein 
strains and parity for clinical mastitis (P=0.04). The NA primiparous cows were the least likely to suffer clinical mastitis 
(OR: 0.003), while NA multiparous cows were the most likely to show clinical mastitis (OR: 0.12). The NZ cows reported 
intermediate values of OR (primiparous: 0.082, multiparous: 0.066). Feeding strategies did not affect clinical mastitis or 
SCC. Similar SCC was found for NZ and NA strains. In conclusion, regardless of the feeding strategy, the probability of 
clinical mastitis differed by the genetic origin of the Holstein cows. However, this difference was influenced by parity. The 
SCC was not influenced by the Holstein strain or the feeding strategy. 

Keywords: grazed pasture, milk quality, udder conformation 

 

 

Resumen 

Factores relacionados con el animal y el ambiente pueden afectar la frecuencia de mastitis, siendo la genética y la estra-
tegia de alimentación algunos de dichos factores. El objetivo de este estudio fue analizar la frecuencia de mastitis clínica 
y los recuentos de células somáticas (RCS) de vacas Holando de dos biotipos, Norteamericano (NA) y Neozelandés (NZ), 
bajo dos estrategias de alimentación (pastura o mixto). En la Unidad Experimental de Lechería de INIA La Estanzuela 
(Colonia, Uruguay) fueron agrupadas 120 vacas en 4 tratamientos según la combinación de biotipo y estrategia de ali-
mentación (n=30). La cantidad de vacas con mastitis clínica y los RCS fueron registrados mensualmente durante una 
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lactación. Hubo una interacción entre el biotipo y la paridad de las vacas (primíparas y multíparas) (P=0,04) para la fre-
cuencia de mastitis. Vacas primíparas NA presentaron menor probabilidad de presentar mastitis clínica (ODR: 0,003). Por 
el contrario, las vacas multíparas NA fueron las que presentaron mayor probabilidad de experimentar mastitis clínica 
(ODR: 0,12), mientras que las vacas de origen NZ mostraron valores intermedios (ODR primíparas: 0,082; ODR multípa-
ras: 0,066). La estrategia de alimentación no afectó la frecuencia de mastitis ni los RCS. Tampoco el biotipo afectó el 
RCS. En conclusión, sin importar la estrategia de alimentación, la frecuencia de mastitis clínica fue diferente según el 
biotipo, pero estas diferencias fueron influenciadas por el número de partos de los animales. Los RCS no fueron afectados 
por la estrategia de alimentación o el biotipo animal. 

Palabras clave: calidad de leche, conformación de ubre, pastoreo 

 

 

Resumo 

A genética e os sistemas de alimentação são fatores que afetam a incidência de mastite. Portanto, o objetivo deste estudo 
foi analisar a incidência de mastite clínica e a contagem de células somáticas (CCS) de vacas holandesas de dois biótipos, 
norte-americana (NA) e neozelandês (NZ), sob dois sistemas de alimentação (pastejo fixo ou máximo). Na Unidade Ex-
perimental do INIA La Estanzuela (Colonia, Uruguay) 120 vacas foram distribuídas em 4 tratamentos de acordo com a 
combinação de biótipo e alimentação (n = 30). O número de vacas com mastite clínica e a CSS foram registrados men-
salmente durante uma lactação. Houve interação entre o biótipo e a paridade das vacas (P = 0,04) na frequência de 
mastite. Vacas primíparas NA apresentaram menor probabilidade de apresentarem mastite clínica (ODR: 0,003). Em 
contraste, as vacas multíparas NA tiveram a maior probabilidade de experimentar mastite clínica (ODR: 0,12), sendo as 
vacas de origem NZ os animais com valores intermédios (ODR primíparas: 0,082; ODR multíparas: 0,066). O sistema de 
alimentação não afetou a frequência de mastite ou CCS. O biótipo também não afetou a CCS. Em conclusão, indepen-
dente do sistema de alimentação, a frequência de mastite foi diferente de acordo com o biótipo, mas essas diferenças 
foram influenciadas pela paridade dos animais. A CCS não foi afetada pelo sistema de alimentação ou biótipo animal. 

Palavras-chave: conformação da úbere, qualidade da leite, pastagem 

 

 

1. Introduction 

In Uruguay, as in other parts of the world, mastitis is 
the most common disease affecting cow welfare as 
well as the economic performance of dairy 
farms(1­2). The mean prevalence of both clinical and 
subclinical mastitis in Uruguay is around 30%(2-3), 
producing important economic losses(4). Prevention 
is the best way to reduce the prevalence of mastitis. 
Therefore, identifying risk factors that increase its 
incidence is crucial. Several cow- and herd-level 
risk factors for mastitis in Holstein cows have been 
identified; for instance, the cow´s parity, the housing 
type, and the herd size(2)(5-6). However, other factors 
such as genetic strains, feeding strategies, and their 
interaction have not been studied sufficiently. It 
seems that different breeds(7) and their crossbreed-
ing(8) would not influence udder health. However, 
Walsh and others(9) reported differences in somatic 
cell count (SCC) between several breeds, without 
an interaction between genotype and the environment. 

North American (NA) Holstein Friesian is the most 
common dairy genetics (78%) in Uruguay(10). How-
ever, cows with New Zealand (NZ) origins (13%)(10) 
have increased due to some advantages such as 
smaller body size, higher milk fat and protein, 

superior fertility for seasonal calving, and enhanced 
foraging ability in pastoral systems. The advantages 
regarding udder health according to Holstein strains 
are not clear since some studies showed contradic-
tory results. Lacy-Hulbert and others(11) reported 
higher SCC in NZ cows compared with NA cows at 
the end of lactation, but more cases of clinical mas-
titis in NA cows than in NZ cows at the beginning of 
lactation (cows under extended lactation). McClearn 
and others(8) did not find differences in SCC be-
tween the three genotypes of Holstein-Friesian. The 
incidence of clinical mastitis or differences in SCC 
by genotype could be due to udder confor-
mation(12­13), since NA cows would have a better-
balanced udder and teats than NZ cows(14).  

Furthermore, the most common feeding strategy in 
Uruguay is a mixed system, which is pasture based 
with silage and grain supplementation(10). The sup-
plementation is offered on feedpads, most of which 
are concrete(10). The conditions of the feeding 
places (pasture and feedpads) are strongly influ-
enced by climatic conditions (e.g., excessive mud 
during winter), and mastitis risk factors affecting 
cows may differ if the cows are maintained for a 
longer period on concrete or pasture. Pasture could 
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be more beneficial for udder health as a result of 
less exposure to environmental pathogens, better 
teat hygiene, and/or lower stocking rate(13)(15-16) than 
cows in confinement. However, grazing cows often 
have high mastitis incidence due to the bad condi-
tions of the alleyways(17) or climatic stress, such as 
rainfall(18) and heat stress(19), which lead to expo-
sure to pathogens and/or stress. Most of the infor-
mation related to udder health in dairy cows has 
been generated in confinement systems, comparing 
different feeding strategies according to low or high 
concentrate. Studies comparing udder health in 
confinement systems and grazing systems consist-
ently reported incongruous results. Sepúlveda Va-
ras and others(20) reported a high incidence of both 
clinical and subclinical mastitis even in grazing 
herds. However, some epidemiological studies 
have found that the lack of access to pasture in-
creased the risk of compromised udder health(21). 
To our knowledge, there are no publications about 
clinical mastitis frequency and SCC for NA and NZ 
Holstein Friesians under mixed- or pasture-based 
feeding strategies. It is possible to speculate that dif-
ferent genetics plus different feeding strategies 
could affect the incidence of udder diseases. There-
fore, we hypothesized that dairy cows with NZ ge-
netic origins might have a greater probability of clin-
ical and subclinical mastitis than NA cows, and that 
animals under different feeding strategies will show 
different clinical and subclinical mastitis probability. 

This study aimed to analyze the udder confor-
mation, the probability of clinical mastitis, and the 
monthly SCC for NA and NZ Holstein-Friesian cows 
maintained in two different feeding strategies (pas-
ture or mixed). 

 

2. Materials and methods 

2.1 Animals and husbandry conditions 

An experiment in a farmlet study was carried out with 
120 Holstein-Friesian cows over a one-lactation pe-
riod (June 2019-May 2020), at the experimental sta-
tion of the National Agricultural and Livestock Re-
search Institute (INIA, by its Spanish acronym), Co-
lonia, Uruguay (34◦20′ S, 57◦41′ W). A full explana-
tion of the farmlet study is described in Stirling and 
others(22). Four groups were derived from the com-
bination of two feeding strategies: Grass Maximum 
or Grass Fixed, and two Holstein strains: NZ or NA. 
The Grass Maximum and Grass Fixed feeding strat-
egies were differentiated in the proportions of 
grazed pasture in the diet with the same level of 
concentrate per cow. The cows in Grass Fixed were 

fed an allowance of ⅓ pasture, ⅓ concentrate, and 
⅓ silage. The silage was offered as a partial mixed 
ration on a concrete and dirt feedpad (4.5 m2/cow), 
and the total area (feeding and rest area) was 240 
m2 per cow. The cows in Grass Maximum had a flex-
ible pasture allowance determined by the pasture 
growth rate, which was estimated weekly, offering 
whole-crop silage on a feedpad as a buffer in case 
of pasture shortage. The pasture was a mix of 
Festuca arundinacea, Dactylis glomerata, Medicago 
sativa and Lolium multiflorum. The commercial con-
centrate was offered daily and individually in the 
milking parlor. Thirty NA and thirty NZ cows were 
randomly assigned to each treatment before calv-
ing, ensuring that groups were balanced for ex-
pected calving date, parity, milk yield, and milk fat 
content from the previous lactation. Also, all multip-
arous cows were selected for udder health [without 
clinical mastitis in previous lactation and low SCC 
(SCC ≤ 200.000) cells/ml]. The INIA dairy farm has 
a mastitis control protocol, which includes dry cow 
treatment with antibiotics and internal sealant for all 
cows(23). The cows were managed in a seasonal 
calving system (February-August), with most calv-
ing in autumn (April, May, June). All procedures 
were approved by the Ethical Committee of INIA (file 
number INIA.2019.11). 

2.2 Clinical mastitis and somatic cell count 

Clinical mastitis was defined as abnormal milk with 
the presence of clots, blood, pus, flakes, and/or 
changes in consistency or color accompanied or not 
by udder inflammation signs(24). Forestripping was 
used by the person in charge of milking to detect 
clinical mastitis at every milking. Cows diagnosed 
with clinical mastitis were treated immediately ac-
cording to the treatment protocol recommended by 
the veterinarian and the milk was discharged. All 
clinical mastitis cases were registered in the dairy 
farm software, which included animal identification, 
date of diagnosis, treatment start date, affected 
teat(s), and drug(s) used for treatment.  

The four groups of animals were milked two times 
per day (AM, PM) in a conventional milking parlor. 
Test-day milk samples were obtained every 15 days 
from two consecutive milkings (morning and after-
noon milkings), and then SCC was analyzed using 
the mid-infrared method with Bentley 2000 equip-
ment (Bentley Instruments Inc., Chaska, MN, USA). 
The samples collected during the first 3 days in milk 
were excluded from the evaluation due to colostrum. 
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2.3 Udder conformation 

Udder conformation from all cows with an average 
(±SD) of 91.4 ± 36.1 days in milk was evaluated by 
a technician from the Uruguayan Society of Holstein 
Breeders (https://www.holando.com.uy), who ob-
served each cow in a paddock from different body 
positions and assigned a point for each udder traits 
using a spreadsheet. The conformation traits evalu-
ated were udder depth, udder texture, middle liga-
ment, fore-udder attachment, front teat placement, 
rear-udder attachment length, rear-udder attach-
ment width, rear teat placement, and teat length. 
The points were added up and each cow got a num-
ber (between 60 and 100 points) and a classification 
score [excellent (≥90), very good (85-89), double 
good (80-84), good (75-79), regular (70-74), bad 
(60-69)], which took into consideration the cow´s 
parity. 

2.4 Statistical analysis 

To analyze the relationship between each response 
variable (clinical mastitis presence/absence and SCC) 
and the explanatory variables (strains, feeding strat-
egies, months in lactation, and parity), an explora-
tory data analysis was performed. The response 
variable SCC was transformed into the Somatic Cell 
Count Linear Score (SCCLS) according to the follow-
ing transformation: Log2 (SCC/100) + 3 (National Co-
operative Dairy Herd Improvement Program). The in-
formation obtained from the exploratory analysis 
was used to select the best family of models and the 
most relevant variables in the context of the hypoth-
eses set up(25). Only cows that reached 10 months 
in lactation were considered. 

To model the presence/absence of a clinical masti-
tis case as a function of the explanatory variables, a 
Binomial Generalized Linear Mixed Model 
(BGLMM) with a logit link function was used. The 
binomial distribution is typically used for binary out-
comes. The logit function ensures the interpretation 
of the fitted values in terms of log odds and was pre-
sented as odds ratios (OR). Udder conformation 
categories for each strain were compared and 
tested through Fisher’s exact test, due to the lack of 
minimal expected observations required to use the 
Chi-square frequencies test.  

The SCCLS as a response variable was subjected 
to a Linear Mixed Model (LMM) with Gaussian dis-
tribution and identity as the link function. In this case, 

the identity link is used for the canonical and Gauss-
ian distribution as a consequence of the nature of 
the SCC transformation into SCCLS. Additionally, 
the residual structure was adjusted to include the 
auto-correlated structure of the longitudinal design.  

In both models, strains (NZ or NA), time (months of 
lactation) feeding strategies (Grass Maximum or 
Grass Fixed) and parity (primiparous or multipa-
rous) were fitted as fixed effects, and cows as ran-
dom intercepts. Model goodness of fit was as-
sessed by the calculation of marginal (R2m) and 
conditional (R2c) coefficient of determination for 
Generalized mixed-effect models. The α values for 
all statistical tests were assumed to be significant 
when <0.05. For both models, the variable selection 
was performed through Akaike Information Criterion 
(AIC), and the results are presented according to 
the optimal selected model. 

For data analysis, the statistical software R(26) was 
used. Graphics were constructed using the “ggplot2” 
package; LMM models were fitted with the “nlme” 
package, and GLMM with “lme4” package. The R2 
goodness of fit was estimated with the (r. squared 
GLMM) function implemented in the “MuMin” package. 

 

3. Results  

3.1 Clinical mastitis and somatic cell count  

The probability of suffering clinical mastitis was sig-
nificant for the interaction between parity and ge-
netic strains (p=0.04) (Table 1), and for the month 
of lactation (p=0.02) (Table 1). For all groups, the 
odds of suffering clinical mastitis were low (OR<1). 
Nevertheless, differences between groups regard-
ing the OR were found. The NA primiparous cows 
were the least likely to suffer clinical mastitis (OR: 
0.003), while NA multiparous cows were the most 
likely to show clinical mastitis (OR: 0.12) (Figure 1). 
The NZ cows reported intermediate values of OR, 
where primiparous cows presented a value of 
0.082, and multiparous of 0.066. For months in lac-
tation, the odds of suffering clinical mastitis reduce 
by 0.84 as the month in lactation increases for both 
genetic strains (Figure 1). 

The evolution over time of the SCCLS, considering 
parity, strains, and months in lactation, is presented 
in Figure 2. For the SCCLS, no significant differences 
were found for the explanatory variables considered.
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Table 1. Binomial generalized linear mixed model (BGLMM) results of the probability of suffering clinical mastitis by ge-
netic and parity interaction across 10 months in lactation. The values are presented in the logit of odds scale assuming 

North American strain and multiparous parity as references 

 Fixed Effects 

Term Estimate P value CI 
(Intercept) -2.10 0.00 (-2.84: -1.36) 
Month in lactation -0.17 0.02 (-0.31: -0.02) 
Parity = Primiparous -1.49 0.01 (-2.62: -0.36) 
Genetic = New Zealand -0.61 0.08 (-1.30: 0.08) 
Parity = Primiparous × Genetic = New Zealand 1.65 0.04 (0.10: 3.20) 

 Random Effects 

Variable Variance (SD) 
Individuals 3.14 (1.77) 

 Goodness of fit 

R2 m 9.1 % 
R2 c 41.8 

CI: Confidence intervals for the estimated values. 
R2 m: Marginal R2: represents the variance explained by the fixed effects. 

R2c: Conditional R2: represents the variance explained by the entire model, including both fixed and random effects. 

 
 

Figure 1. Predicted probabilities of clinical mastitis according to the Binomial Generalized Linear Mixed Model, for both 
strains, North American (NA) and New Zealand (NZ), for primiparous (purple) and multiparous (yellow) Holstein-Friesian 

cows conditioned by the 2, 4, 6, and 8 months in lactation 

 
 

Figure 2. Descriptive statistics for the evolution of somatic cell count linear score of two Holstein-Friesian strains (North 
American = green, New Zealand = brown) by parity (primiparous and multiparous) and months in lactation 
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3.2 Body and udder conformation 

There were no significant differences in udder con-
formation between NZ and NA cows (P=0.27) (Ta-
ble 2). 

 
Table 2. Percentage of cows with different udder con-
formation scores (excellent, very good, double good, 
good, regular, bad) of two Holstein-Friesian strains 

(North American: NA, and New Zealand: NZ) 

 Strains 

Conformation scores NA NZ 

Excellent 0 0 

Very good 20.5 19.4 

Double good 41.0 50.0 

Good 33.3 19.4 

Regular 5.1 11.1 

Bad 0 0 

 

 

4. Discussion 

Clinical and subclinical mastitis is a multifactorial dis-
ease, with genetics being a possible cow-specific risk 
factor. Dairy breed differences on mastitis incidence 
have been reported previously(27), but information 
about the genetic origin within a breed is little and 
contradictory. Our study indicated a greater proba-
bility of clinical mastitis for multiparous Holstein NA 
cows, compared to other multiparous and primipa-
rous groups, which could be partially explained by 
milk yield differences. In this farmlet study, the NA 
cows had a greater milk yield at the individual ani-
mal level than the NZ cows(22). Effectively, Lacy-Hul-
bert and others(11) reported more cases of clinical 
mastitis in multiparous NA cows (59%) compared 
with NZ cows (27%), and they associated it with 
greater milk yield in NA cows. On the other hand, 
there were fewer cases of clinical mastitis in primip-
arous cows of NA origin, which is online with the re-
ported in Uruguay(14), and it has been associated 
with better udder conformation of NA cows(12)(28). 
However, in our study, there were no differences in 
udder conformation between Holstein strains; there-
fore, there would be other factors that might be play-
ing an important role in our results, such as immun-
ity, feeding or milk production level. Another possi-
ble explanation for the differences in clinical mastitis 
probability between the multiparous NA and primip-
arous (NA or NZ) might be given by the fact that 
mastitis increased with parity(29). A speculation is 
that there are differences in cisternal capacity, and 
contractility of the teat or teat canal length(30-31) be-
tween Holstein strains, which are more evident 

when the number of calving increases. Unfortu-
nately, immune response or udder anatomy were 
not evaluated in this study. Therefore, the clinical 
mastitis probability seems to depend on several fac-
tors that interact with strain (for example, parity) ra-
ther than only strain. Differences in the inherent 
mastitis resistance and/or efficient immune defense 
between the Holstein strain and parity should be in-
vestigated in the future.  

Whole-lactation comparisons between pasture-
based and confinement dairy systems under Uru-
guayan conditions are very limited. Internationally, 
a lower incidence of mastitis has been reported in 
pasture systems and attributed to a lower probability 
of exposure to environmental pathogens compared 
with confinement-housed cows(21)(27). The influence 
of the feeding system on clinical mastitis is related 
to cow cleanliness, which depends on climatic fac-
tors and alleyway conditions(32-34). Speculation is 
that in the present study there were no cleanliness 
differences in the place where feed was offered 
(pasture or feedpad), resulting in similar clinical 
mastitis probability. Unfortunately, this aspect was 
not assessed. 

Despite Lacy-Hulbert and others(11) reporting greater 
SCC in NZ cows compared with NA cows, in a na-
tional study that compared primiparous NZ cows with 
NA no differences were found in SCC between the 
two Holsteins strains(14). Holstein cows in confine-
ment had greater mean SCC than those in pasture-
based systems(35-36). However, as in our study, sev-
eral studies failed to find a significant difference in 
SCC between confinement and pasture-based sys-
tems(27)(37-38). Similar SCC between groups could 
have been due to the animals initially being selected 
for low SCC, and/or because the udder confor-
mation was not different between strains. Therefore, 
the differences in udder health between Holstein 
strains were mainly observed in the clinical and not 
subclinical manifestations of the disease. 

 

5. Conclusions  

Regardless of the feeding strategy, the probability 
of clinical mastitis was affected by the strain of the 
Holstein cow (genetic origin of North America or 
New Zealand), but the differences were influenced 
by parity. The multiparous NA cows were the most 
susceptible to clinical mastitis; the opposite hap-
pened for primiparous NA cows. Feeding strategies 
or their interaction with the Holstein strain did not 
influence clinical mastitis or SCC. The SCC was not 
different between strains of Holstein cows. 
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