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ABSTRACT

Subclinical mastitis can be common among freshly 
calved heifers (FCH), but the prevalence differs between 
herds, possibly due to variation in risk factors. The aims 
of this observational study were to identify differences 
in occurrence of intramammary infection (IMI) in FCH 
between herds with documented good or poorer first-
parity udder health based on cow somatic cell count 
(CSCC) in early lactation, and to study herd differences 
in animal factors important for udder health, such as ud-
der and hock skin lesions and animal cleanliness. Three 
groups of herds were included: those with high propor-
tions of FCH with low CSCC (≤75,000 cells/mL) at the 
first 2 milk recordings after calving (LL), herds with 
high proportions of FCH with high CSCC (>100,000 
cells/mL) at the first and low CSCC at the second re-
cording (HL), and herds with high proportions of FCH 
with high CSCC at both recordings (HH). Thirty-nine 
herds (13 LL, 11 HL, 15 HH) were visited 3 times dur-
ing a 12-mo period for observation of cleanliness and 
hock lesions, and sampling of udder and teat skin using 
swab cloths of milk-fed calves, early-pregnant heifers, 
and late-pregnant heifers. In 25 (9 LL, 9 HL, 7 HH) 
udder quarter samples from colostrum and milk on d 3 
to 4 after calving were taken by the farmers from FCH 
during one year. The farmers also provided information 
on calving (individual or group), use of restraint and 
oxytocin at milking, and presence of teat and udder skin 
lesions. Bacterial growth in swab samples and quarter 
samples was investigated by culturing, and a selection 
of isolates was genotyped using whole-genome sequenc-
ing. Cleanliness, hock and udder skin lesions other 
than udder-thigh dermatitis, and growth of bacteria in 
swab samples did not differ between herd groups. It 
was more common that FCH from LL herds, compared 
with FCH in HH and HL herds, calved in a group of 
animals. Use of restraint at milking was more common 

in LL herds than in HH herds, whereas presence of 
udder-thigh dermatitis was lowest in LL herds. Specific 
infection was found in 14% of 5,593 quarter samples 
from 722 FCH. The most common IMI was  Staphylo-
coccus chromogenes. Growth of Staphylococcus simulans 
was more common in HH than in LL and HL herds. 
In colostrum samples, Staphylococcus haemolyticus was 
more common in HL and HH than in LL herds. The 
proportion of quarters with the same specific infection 
at both samplings was higher in HH than in LL herds 
and tended to be higher in HH than in HL herds. The 
proportion of quarters with Staph. chromogenes IMI at 
both samplings tended to differ between herd groups 
and was highest in HH herds. Whole-genome sequencing 
found the same sequence type of Staph. chromogenes 
and Staphylococcus aureus in both samples in almost 
all quarters with the same infection at both samplings. 
The differences in IMI between herd groups were in line 
with the higher somatic cell count in HH herds. The 
reasons for the predominance of Staph. chromogenes IMI 
in FCH need further studies.
Key words: mastitis, cleanliness, skin lesions, whole-
genome sequencing, Staphylococcus chromogenes

INTRODUCTION

In a previous study on udder health in early lacta-
tion, we found that many dairy cows have bacterial 
IMI already at calving or within a few days of calving 
(Lundberg et al., 2016). Furthermore, such infections 
were associated with subclinical mastitis, diagnosed by 
increased cow SCC in early lactation, but that study 
did not focus on first-parity cows. In a recent study, 
however, we found that elevated cow SCC was common 
in early lactation in Swedish first-parity cows and that 
the incidence of mastitis varied between herds (Persson 
Waller et al., 2020). The elevated SCC was probably 
due to IMI at or close to calving, but specific studies on 
presence of IMI at or around calving in first-parity cows 
have not previously been performed in Sweden. Publi-
cations from other countries, however, show that NAS 
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are common IMI in freshly calved heifers (De Vliegher 
et al., 2012; De Buck et al., 2021).

Identification of IMI at calving may give an indica-
tion of the distribution of mastitis-associated pathogens 
in a herd. Moreover, IMI caused by certain pathogens, 
especially those considered contagious, may also ex-
plain why some herds have poorer udder health among 
freshly calved heifers than others. In addition, the teat 
and udder skin can be a source of mastitis-associated 
pathogens such as staphylococci and streptococci (e.g., 
Svennesen et al., 2019; De Buck et al., 2021), and poor 
hygiene in the close environment of dairy cows can be 
an important risk factor for IMI (reviewed by McDou-
gall et al., 2009; De Vliegher et al., 2012). However, the 
importance of cleanliness among calves and heifers for 
the risk of IMI and poor udder health of freshly calved 
heifers is less well understood.

Other factors that have been associated with poor 
udder health or skin colonization of mastitis-associated 
pathogens in cows are, for example, udder edema, 
skin lesions on teats, udders, and hocks, and having 
nonfunctional udder quarters (Capurro et al., 2010; 
De Vliegher et al., 2012; Persson Waller et al., 2014). 
Moreover, different types of stress, for example due to 
management, may also have negative effects on udder 
health (Svensson et al., 2006; Ivemeyer et al., 2018).

As already mentioned, we identified herd differences 
in early lactation udder health of first-parity cows 
(Persson Waller et al., 2020). Based on those findings 
we performed a study comparing dairy herds with 
documented good or poorer first-parity udder health 
based on cow SCC, and identified several success and 
risk factors in calf and heifer management that are im-
portant for udder health in early-lactation first-parity 
cows (Persson Waller et al., 2021). In association with 
that study we also performed an in-depth investigation 
of freshly calved heifers (FCH) in a subset of the herds. 
The main aims of that investigation, presented in the 
present paper, were to identify differences in occurrence 
and bacterial etiology of IMI in FCH between herds 
that have good or poorer udder health in this group of 
cows based on the cow SCC (CSCC) in early lactation, 
and to study differences between these herds in animal 
factors of importance for udder health, such as presence 
of udder and hock skin lesions and animal cleanliness.

MATERIALS AND METHODS

Herd Selection

This observational study was part of the same proj-
ect as a previously published study on the risk and 
success factors associated with udder health of FCH 
(Persson Waller et al., 2021). The study was performed 

in commercial farms and, according to Swedish laws, 
did not require ethical approval. In the current study, a 
subgroup of the herds was selected for a one-year study 
involving farmer-performed milk sampling of FCH, and 
animal registrations and samplings, as described below, 
performed by specially trained technicians at 2 addi-
tional herd visits.

As described in detail by Persson Waller et al. (2021) 
a selection of herds was made in October and November 
2017. All herds affiliated to the Swedish Official Milk 
Recording Scheme (SOMRS) in 2014 to 2016, having at 
least 60 cows/yr, production data from all 3 years, and 
at least 10 first-parity cows per year with their first test 
milking 5 to 35 d after calving and their second test 
milking 20 to 40 d after the first test milking for each of 
the 3 years, were eligible. In those herds, all first-parity 
cows were categorized based on their SCC at the first 
2 test milkings after calving as low-low (LL), low-high, 
high-high (HH), high-low (HL), or inconclusive (i.e., a 
CSCC in between low and high in one or both of the 2 
test milkings). For example, LL means low SCC at both 
test milkings, and HH means high SCC at both test 
milkings. Low CSCC and high CSCC were defined as 
≤75,000 cells/mL and >100,000 cells/mL, respectively 
(Persson Waller et al., 2020). After categorization of 
the primiparous cows, the proportions of LL, HL, and 
HH cows within each herd were calculated. Herds hav-
ing above-median proportion of LL, HL, and HH cows 
during year 1 of herd selection and above the third 
quartile proportion of LL, HL, and HH cows during 
years 2 and 3 of selection of LL, HL, or HH cows were 
considered to be LL, HL, or HH herds (Persson Waller 
et al., 2021). Such herds were contacted by telephone 
until a convenient sample of a maximum of 30 herds 
per LL, HL, and HH category had accepted to partici-
pate in the previous study, in which specially trained 
field technicians visited each herd (herd visit 1) once 
in January to March or April 2018. During the tele-
phone conversation, farmers having between 100 and 
250 cows/herd were also asked to participate in a study 
during a 12-mo period, involving aseptic quarter milk 
sampling of FCH at 2 occasions (colostrum and d 3–4 
after calving). Moreover, these herds would receive 2 
additional herd visits by the technicians, in late spring 
(herd visit 2) and late autumn (herd visit 3), for animal 
registrations and skin swab samplings of the udders for 
bacteriological culturing. The aim was to include 15 
herds from each herd group (LL, HL, HH) in this part 
of the study.

Questionnaires

A preformed questionnaire on housing and manage-
ment was produced as described previously (Persson 
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Waller et al., 2021), and this questionnaire was used at 
the first herd visit. In addition, a milk sample protocol 
and a second questionnaire used for the additional herd 
visits were produced specifically for the present study.

The milk sample protocol, to be used by the farm-
ers and herd personnel, contained questions on cow 
identification number, calving date, sampling dates 
(colostrum or milk), clots in milk (yes or no), presence 
of nonlactating quarters (yes or no), antibiotic treat-
ment during the latest 14 d (yes or no), type of calving 
box (single or group), presence of warts or wounds on 
teats (yes or no), presence of udder edema (yes or no), 
presence of udder-thigh dermatitis (yes or no), presence 
of udder cleft dermatitis (yes or no), use of oxytocin 
before milking (yes or no), and use of restraints at milk-
ing (yes or no), as well as type of restraint method if 
used. The milk sample protocol also contained detailed 
instructions on how to perform aseptic milk sampling 
with a link to an online video. Pictures of udder edema, 
udder-thigh dermatitis, and udder cleft dermatitis were 
provided. The protocol, video link, and pictures can be 
provided by the first author upon request.

The questionnaire for herd visits 2 and 3, performed 
by the technicians, included the same questions re-
lated to group registrations of group-housed milk-fed 
calves (cleanliness), early-pregnant heifers (first tri-
mester; cleanliness), and late-pregnant heifers (last 2 
mo; cleanliness, hock lesions), as in the questionnaire 
used at herd visit 1 (Persson Waller et al., 2021). The 
questionnaire for herd visits 2 and 3 also included 
questions on individual cleanliness and hock lesions of 
late-pregnancy heifers. The questionnaire was tested by 
the technicians involved before use in the herds. The 
questionnaire (in Swedish), containing 18 questions of 
which 8 were included in this study, can be provided by 
the first author.

Herd Visits

The technicians and farmers were not informed 
about which herds belonged to which herd group. At 
herd visit 1, technicians gave instructions on aseptic 
milk sampling and delivered material for the samplings. 
Herd visits 2 and 3 were performed by the same techni-
cians as herd visit 1. All technicians had been trained in 
the second questionnaire and in skin sampling for bac-
teriological examination. Herd visit 2 was performed 
in late spring, before animals were let out on pasture, 
whereas herd visit 3 was performed in late autumn, 
when all animals were housed. According to Swedish 
law, all dairy heifers and cows have to be let out on pas-
ture during a specified period from April to October. 

The specific period varies, however, depending on the 
part of the country (North, Middle, South).

At herd visits 2 and 3 group-housed milk-fed calves, 
early-pregnant heifers, and late-pregnant heifers were 
observed at group level as described previously (Pers-
son Waller et al., 2021). In short, the cleanliness of the 
animals and their close environment was scored (1–3) 
in all age groups, and presence of hock hair loss or 
hock skin wounds was scored (1–3) in late-pregnant 
heifers. In addition, individual cleanliness scores (1–3) 
and presence of hock hair loss (yes or no) or hock skin 
wounds (yes or no) were registered for up to 9 late-
pregnant heifers (last 2 mo of pregnancy) in each herd. 
The cleanliness of individual heifers was evaluated 
by observing the rear of the animal above the hocks 
and was scored as follows: 1 = manure on more than 
one-third (in total) of udder, rear, and flanks; 2 = at 
least 3 areas contaminated with dry manure >10 cm 
in diameter or area of udder, rear, and flanks; 3 = the 
animal is clean or has only flecks of manure on udder, 
rear, and flanks.

At herd visits 2 and 3, 3 calves, 3 early-pregnant heif-
ers, and 6 late-pregnant heifers with visibly clean udders 
were chosen, based on convenience and availability, for 
swab sampling of the udder skin. For each animal, the 
technicians put on new clean gloves before sampling. 
Animals were restrained by the farmer or farm person-
nel, and a dry paper towel was used to remove dust 
and dry bedding from the udder skin. Sampling was 
performed by using a premoistened sterile swab cloth 
in a ready-to-use surface sampling kit (SodiBox) for 
each animal. The cloth was removed from the bag and 
unfolded, and all 4 teats, especially the teat ends, were 
wiped with the towel. When sampling calves, both teat 
and udder skin were sampled. The cloth was folded 
and returned to the plastic bag of the kit, which was 
sealed carefully. At all times, care was taken to avoid 
contaminating the cloth. The sample bags were labeled 
with animal identification number, age group, and herd 
number. The sample bags from each age group were 
placed in a clean plastic bag. After finishing the ques-
tionnaire and skin sampling, the technicians reminded 
the farmer about taking milk samples and collected the 
frozen milk samples that had been taken at the herd. 
Those milk samples were packed with freezer packs 
in an insulated box together with the swab samples 
(care was taken to avoid direct contact between these 
samples and the freezer packs). Then, the samples 
were sent to the Swedish National Veterinary Institute 
(SVA; Uppsala, Sweden) by overnight courier, and the 
questionnaire was sent to the project leader via postal 
mail.
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Milk Sampling, Milk Sample Protocol,  
and Transportation of Milk Samples

Farmers were instructed by the technicians on how 
to perform aseptic milk sampling at herd visit 1. The 
farmers were asked to take quarter milk samples from 
all lactating quarters of at least 50% of the first-parity 
cows calving evenly spread over a 12-mo period. From 
each FCH, quarter milk samples were taken twice, once 
within 24 h of calving and once 3 to 4 d after calving. 
The milk samples were frozen at the farm as quickly as 
possible after collection. For each sampled animal, the 
farmer recorded information in the milk sample proto-
col described above.

Milk samples were stored frozen at the farm until 
herd visits 2 and 3, when the technicians collected the 
milk samples and protocols and sent them to SVA as 
described above. When needed, and at the end of the 
12-mo sampling period, each farmer was contacted by 
the first author, and an insulated box with freezer packs 
and instructions was sent to the farmer for overnight 
transportation of milk samples to SVA.

At arrival at SVA, the condition of the milk samples 
(i.e., room temperature, cold but thawed, frozen) was 
registered, and the samples were frozen at −20°C until 
bacteriological examination.

Bacteriological Examination of Skin Swab Samples

After arrival at SVA, the swab samples were stored 
at 4°C until further processing within 4 h. Thirty mil-
liliters of sterile saline (SVA) was added to each sample 
bag. Then, each bag was placed in a stomacher for 30 
s at 230 rpm. Thereafter, the swab cloth in the bag 
was squeezed to free as much saline as possible from 
the swab cloth. Approximately 10 mL of the saline 
were transferred to a sterile glass tube. For each herd 
and sampling occasion, the samples from calves were 
pooled into one sample by transferring 2 mL from each 
sample to a new test tube. The same procedure was 
performed for samples from heifers in early pregnancy. 
The samples from heifers in late pregnancy were pooled 
into 2 new test tubes (maximum 3 samples/tube). After 
thorough mixing of the pooled samples, each sample 
was diluted 1:10 (0.5 mL sample and 4.5 mL saline) 4 
times. After thorough mixing of the tubes, 100 µL from 
each dilution step was spread on 5% bovine blood agar 
containing 0.05% esculin (SVA), and the plates were 
incubated at 37°C for 48 h. Growth was evaluated by 
selecting an agar plate (i.e., dilution step) suitable for 
counting of colony-forming units. The total number of 
colony types and the total number of colony-forming 
units per plate was counted, and the concentration of 
colony-forming units per milliliter of the original saline 

solution was calculated. If growth of staphylococci or 
streptococci was suspected based on colony morphology, 
bacterial material from such colonies was spread on 5% 
bovine blood agar containing 0.05% esculin (SVA), and 
the plates were incubated for 24 to 48 h. If growth of 
colonies in pure culture was detected, the colonies were 
identified using MALDI-TOF on a MALDI Biotyper 
(Bruker Daltonics). Isolates of staphylococci and strep-
tococci were frozen in broth with glycerol at −70°C.

Bacteriological Examination of Milk Samples

The milk samples were thawed at 4°C overnight, 
placed in room temperature for 1 h, and mixed thor-
oughly. Then, 10 µL of milk was spread on 5% bovine 
blood agar plates containing 0.05% esculin (SVA). 
The agar plates were incubated at 37°C for a total of 
36 h. Bacterial growth was evaluated after 16 and 36 
h of incubation. After 16-h incubation, the number 
of colony types was recorded. Moreover, the number 
of different types of colonies, the number of colonies 
per suspected udder pathogen (if more than 50 cfu/
pathogen, the number was given as >50 cfu), and the 
total number of other colonies (if more than 50 cfu, 
the number was given as >50 cfu) were recorded after 
36-h incubation. At the same occasion, colonies of sus-
pected udder pathogens were selected and cultured on 
5% bovine blood agar plates containing 0.05% esculin. 
The agar plates were incubated at 37°C for a total of 
36 h. Colonies of potential udder pathogens were in-
vestigated using MALDI-TOF. Isolates were frozen in 
trypticase soy broth with 15% glycerol at −70°C. A 
milk sample was considered positive if at least 1 cfu 
of Staphylococcus aureus, Streptococcus dysgalactiae, or 
Streptococcus uberis was detected. For other bacteria, 
a positive classification required ≥3 cfu. Growth of 1 
bacterial agent was evaluated as pure culture, growth 
of 2 types of colonies as mixed infection, and growth of 
3 or more colony types as contamination. In line with 
NMC (2017) guidelines, a sample was also identified as 
being positive for a specific pathogen if a few colonies 
of different types were found together with numerous 
colonies of the specific pathogen.

Whole-Genome Sequencing of Bacterial Isolates

If at least 3 milk isolates of a bacterial species were 
found within a herd, those isolates were eligible for 
whole-genome sequencing. Moreover, if at least 3 skin 
isolates of one of the species found in milk were also 
found in those herds, these isolates were also eligible. 
In addition, isolates from udder quarters classified as 
having persistent infection (see section on Statistical 
Analyses) were also eligible for whole-genome sequenc-
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ing. Based on these criteria, 175 isolates from milk 
samples (18 Staphylococcus aureus, 133 Staphylococcus 
chromogenes, 24 Staphylococcus haemolyticus) and 25 
isolates from skin swab samples (4 Staph. chromogenes, 
21 Staph. haemolyticus) were selected. The isolates 
were thawed and cultured on 5% bovine blood agar 
containing 0.05% esculin (SVA). DNA was extracted 
by suspending one loopful of colonies in 500 µL of nu-
clease-free water, and the bacterial cells were disrupted 
by bead-beating with 0.1-mm zirconia-silica beads in a 
FastPrep24 homogenizer (MP Biomedicals) for 6 min 
at 6.5 m/s. The DNA was subsequently extracted from 
the suspension using an Indimag Pathogen Kit (Indical 
Bioscience) together with a Maelstrom-9600 (TANBead 
Inc.) and eluted with nuclease-free water.

Sample DNA concentrations were determined us-
ing a Qubit HS DNA Kit (Life Technologies), and 
the samples were then submitted to SciLifeLab Clini-
cal Genomics (Stockholm, Sweden) for sequencing 
by Illumina-based technology. To check for potential 
contamination of isolates and confirmation of bacterial 
species the reads were checked with Kraken using the 
MiniKraken 8 GB database (October 19, 2017; https:​
/​/​ccb​.jhu​.edu/​software/​kraken/​MANUAL​.html). The 
raw reads were then trimmed using Trimmomatic 0.36 
(Bolger et al., 2014), and genome assembly was per-
formed using SPAdes v.3.11.1 (Prjibelski et al., 2020) 
with “—careful” parameter, followed by Pilon v.1.22 
(Walker et al., 2014). Seven-loci multilocus sequence 
typing (MLST; Staph. aureus and Staph. chromogenes 
schemes available from https:​/​/​pubmlst​.org/​) and 
whole-genome MLST (wgMLST) were performed and 
visualized in SeqSphere + software (version 8.3; Ridom 
GmbH). Because both Staph. chromogenes and Staph. 
haemolyticus lack defined core genome MLST schemes, 
ad hoc core genome MLST schemes were created in 
SeqSphere+ with default settings using the genomes 
NZ_CP031274.1 and NZ_CP035291.1, respectively, as 
seed genomes. This resulted in a scheme of 1,710 genes 
and 437 accessory genes for Staph. chromogenes and 
a scheme of 1,847 genes and 415 accessory genes for 
Staph. haemolyticus.

Data Handling and Editing

The implementation of the herd visits and the milk 
sampling were monitored by the first author, and 
reminders were sent when needed. All data from the 
questionnaires, milk sample protocols, and laboratory 
analyses were transferred to Excel files by the first au-
thor. The data were then transferred to Stata (release 
15.1; StataCorp LLC), which was used for data editing 
and analyses.

Two of the original 41 herds were excluded because 
they opted to withdraw. The remaining 39 herds had 
3 visits each. For each age group, scores on cleanliness 
and hock lesions from these herds (13 LL, 11 HL, 15 
HH) were summarized within each herd group (LL, HL, 
HH). Likewise, total colony-forming units per milliliter 
and number of colony types from skin swab samples 
from each age group in these herds were summarized 
per herd group. The number of herds with swab sam-
ples from 2 samplings varied somewhat between the age 
groups (milk-fed calves = 39; heifers in early pregnancy 
= 35, heifers in late pregnancy = 38).

Before analyzing differences between herd groups in 
bacterial results of milk sample bacteriology and in cow 
factors registered in the milk sample protocol, the num-
ber of first-parity cows sampled in each herd was com-
pared with the total number of first-parity cows that 
had calved in the herd over the year of sampling. Based 
on this data, 14 out of 39 herds were excluded because 
they had sampled too few (<35%) of these cows. Thus, 
25 herds (9 LL, 9 HL, 7 HH) remained for statistical 
analyses of bacterial findings and cow factors.

Statistical Analyses

All statistical analyses were performed using Stata 
(release 15.1; StataCorp LLC). Descriptive statistics 
were used to summarize the results from the question-
naires, protocols, and laboratory analyses. When cat-
egories for a question had few or no observations, one 
or more categories were merged when possible.

To investigate associations between registrations of 
cleanliness and hock lesions (hair loss or skin wounds 
on hocks) registered by the technicians at all 3 herd vis-
its (the visits being the observational level), and being 
a LL, HL, or HH herd (outcome), we used univariable 
multinomial logistic regression models with the stan-
dard errors adjusted for clustering within herd (mlogit 
command in Stata, with “cluster” specified to be used 
as variance estimator). The clustering was used due to 
repeated observations (observations made at all the 3 
visits) within herd of the explanatory variables (cleanli-
ness, hair loss, or skin wounds on hock).

To investigate associations between bacterial growth 
in udder skin swab samples (bacterial findings on skin, 
log cfu, and diversity), taken by the technicians at 
all 3 herd visits (visits being the observational level), 
and being a LL, HL, or HH herd (outcome), we used 
univariable multinomial logistic regression models with 
the standard errors adjusted for clustering within herd 
(mlogit command in Stata, with “cluster” specified to 
be used as variance estimator). The clustering was used 
due to repeated samplings (samplings made at all the 3 
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visits) within herd of the explanatory variables (bacte-
rial findings on skin, log cfu, and diversity).

To investigate associations between cow variables 
registered in the milk sample protocol (presence of non-
functional quarters, whether the cow had been treated 
with antibiotics during the 14 d before sampling, type 
of calving box, presence of teat warts, presence of teat 
wounds, presence of udder edema, presence of udder-
thigh dermatitis, presence of udder cleft dermatitis, use 
of oxytocin before milking, and use of restraint at milk-
ing), registered for each sampled cow (cow being the 
observational level), and being a LL, HL, or HH herd 
(outcome), we used univariable multinomial logistic 
regression models with the standard errors adjusted for 
clustering within herd (mlogit command in Stata, with 
“cluster” specified to be used as variance estimator). 
The clustering was used to adjust for cows being more 
similar within herd than between herds.

To investigate associations between bacterial growth 
in colostrum and milk samples at quarter level and be-
ing a LL, HL, or HH herd (outcome), we used multivari-
able multinomial logistic regression models including 
day of sampling (at calving or 3–4 d after calving) as a 
fix factor. The bacterial findings were dichotomized as 
presence or absence of bacterial finding in total [bacte-
rial finding: yes (isolation of a specific bacteria) or no 
(no growth)] and for each bacterial finding (e.g., find-
ing of Staph. aureus: yes or no). Contaminated samples 
were not included in the analyses. The same regression 
analysis method, with being a LL, HL, or HH herd 
as outcome, but univariable, was also performed sepa-
rately for samples taken at calving and samples taken 
at d 3 to 4 after calving.

To investigate associations between clots in milk (ex-
planatory variable) and bacterial findings (outcome) in 
quarter milk samples, a univariable mixed-effect logistic 
regression analysis, with herd and cow as random fac-
tors to adjust for cows within a herd being more similar 
than cows between herds, and quarters within a cow 
being more similar than quarters between cows, were 
used with an independent variance-covariance structure 
of the random effects.

To investigate associations between bacterial findings 
in quarters at calving and bacterial findings on d 3 to 
4, where findings at d 3 to 4 was the outcome variable 
and findings at calving was the explanatory variable, 
univariable mixed-effect logistic regression analyses, 
with herd and cow as random factors to adjust for cows 
within a herd being more similar than cows between 
herds, and quarters within a cow being more similar 
than quarters between cows, were used with an inde-
pendent variance-covariance structure of the random 
effects.

To investigate associations between udder quarters 
being healthy (culture-negative d 0 or d 3–4), infected 
at both samplings (the same bacterial species in the 
quarter d 0 and d 3–4), or newly infected (culture-
negative d 0 and specific infection d 3–4) and being a 
LL, HL, or HH herd, univariable multinomial logistic 
regression models, with the standard errors adjusted 
for clustering within herd, were used. Only culture-
negative quarters or quarters with specific infection at 
d 0 and 3 to 4 were included. Quarters where milk 
samples were considered contaminated at one or both 
samplings were not included in the analyses.

RESULTS

Scoring of Animal Cleanliness and Hock Lesions  
at Herd Visits

A summary of the cleanliness scores of group observa-
tions of animals at 3 herd visits in the 3 age groups and 
of individual heifers in late pregnancy is presented in 
Table 1. The results did not differ significantly between 
the herd groups. Most of the animals were considered 
clean (score 3) in all age groups. The proportion of 
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Table 1. Numbers of group or individual observations with cleanliness 
scores 1 to 3 in milk-fed calves, heifers in early pregnancy, and heifers 
in late pregnancy in herds with a large proportion of first-parity cows 
with low SCC at first and second milk recording after calving (LL 
herds, n = 13), a large proportion of first-parity cows with high SCC 
at first milk recording and low SCC at the second milk recording (HL 
herds, n = 11), or a large proportion of first-parity cows with high SCC 
at first and second milk recording (HH herds, n = 15) after calving1

Score2 LL HL HH Total (%) P-value

Milk-fed calves (group)3   0.87
  1 0 0 0 0 (0)  
  2 6 8 11 25 (9)  
  3 87 70 98 255 (91)  
Heifers in early pregnancy (group)3 0.57
  1 0 0 2 2 (1)  
  2 19 13 18 50 (30)  
  3 36 35 41 112 (68)  
Heifers in late pregnancy (group)3 0.61
  1 1 0 3 4 (2)  
  2 13 10 19 42 (25)  
  3 39 36 45 120 (72)  
Heifers in late pregnancy (individual)4 0.30
  1 9 2 15 26 (6)  
  2 22 19 33 74 (17)  
  3 114 95 114 323 (76)  
1P-values are from univariable multinomial logistic regression analyses 
of associations between type of herd and each variable.
2Score 1 = very dirty, score 2 = dirty, score 3 = clean. For details on 
scoring of groups of heifers and individual heifers, see Materials and 
Methods.
3Summary of 3 herd visits (winter, late spring, late autumn).
4Summary of 2 herd visits (late spring, late autumn).
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clean animals was numerically highest in the milk-fed 
calves group (Table 1).

The results from the group and individual observa-
tions of hock lesions in heifers in late pregnancy are 
shown in Table 2. Most of the animals did not have 
hair loss and very few had skin wounds on their hocks, 
and the results did not differ significantly between herd 
groups.

Bacterial Growth in Udder Skin Swab Samples Taken 
at Herd Visits

Growth of streptococci was not detected in any of 
the samples, but a total of 17 species of staphylococci 
were identified. Including all skin samples (n = 283) 
taken at the herd visits, the most common species was 
Staph. haemolyticus, which was found in 35% of the 
samples. The other species were each found in 4 to 6% 
of the samples (Staphylococcus capitis, Staph. chromo-
genes, Staphylococcus hominis, Staphylococcus equorum) 
or in ≤2% of the samples (Staph. aureus, Staphylococ-
cus auricularis, Staphylococcus cohnii, Staphylococcus 
devriesei, Staphylococcus epidermidis, Staphylococcus 
hyicus, Staphylococcus pettenkoferi, Staphylococcus 
sciuri, Staphylococcus simulans, Staphylococcus vituli-
nus, Staphylococcus warneri, Staphylococcus xylosus). 
Many species in the latter group were found in only 1 
or 2 samples. Overall, the proportion of samples with 
growth of staphylococci was 41% (32 out of 78) for 

milk-fed calves, 66% (48 out of 73) for heifers in early 
pregnancy, and 51% (67 out of 132) for heifers in late 
pregnancy.

The culture results of swab samples taken from milk-
fed calves, heifers in early pregnancy, and heifers in late 
pregnancy in herds where the animals were sampled 
twice (spring and autumn) are given in Table 3. The 
numerically lowest concentrations of colony-forming 
units were found in samples from milk-fed calves. No 
significant differences in the concentration of colony-
forming units or number of colony types were found be-
tween herd groups. The distribution of staphylococcal 
species did not differ significantly between herd groups 
(milk-fed calves P = 0.80; early pregnancy P = 0.66; 
late pregnancy P = 0.51; data not shown).

Comparisons of Cow Variables Between  
Herd Groups

Cow data registered by farmers in the milk sample 
protocol on d 3 to 4 after calving are summarized in 
Table 4. Overall, nonfunctional quarters, udder edema, 
udder-thigh dermatitis, udder cleft dermatitis, or teat 
warts or wounds were found in 1 to 4% of the animals. 
A total of 2% of the FCH had been treated with antibi-
otics. Restraint (most often a steel anti-kicking bow) or 
oxytocin had been used at least once at milking of 14% 
and 7%, respectively, of the animals. Overall, calving 
in single box or group box was equally common. It was 
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Table 2. Numbers of group or individual observations with hock lesions (hair loss or skin wounds) in heifers 
in late pregnancy in herds with a large proportion of first-parity cows with low SCC at first and second milk 
recording after calving (LL herds, n = 13), a large proportion of first-parity cows with high SCC at first milk 
recording and low SCC at the second milk recording (HL herds, n = 11), or a large proportion of first-parity 
cows with high SCC at first and second milk recording (HH herds, n = 15) after calving1

Score LL HL HH Total (%) P-value

Hair loss on hocks of heifers in late pregnancy (group)2 0.523

  1 0 4 4 8 (5)  
  2 5 5 10 20 (12)  
  3 47 37 52 136 (83)  
Skin wounds on hocks of heifers in late pregnancy (group)2 0.373

  1 0 1 0 1 (0.6)  
  2 2 5 5 12 (7)  
  3 50 40 61 151 (92)  
Hair loss on hocks of heifers in late pregnancy (individual)4 0.87
  Yes 4 5 6 15 (4)  
  No 141 111 147 399 (96)  
Skin wounds on hocks of heifers in late pregnancy (individual)4 NA5

  Yes 0 4 0 4 (1)  
  No 145 112 153 410 (99)  
1P-values are from univariable multinomial logistic regression analyses of associations between type of herd 
and each variable.
2Summary of 3 herd visits (winter, late spring, late autumn). Score 1: >25% with hair loss/skin wounds; score 
2: 1% to 25% with hair loss or skin wounds; score 3: 0% with hair loss or skin wounds.
3Scores 1 and 2 were combined.
4Summary of 2 herd visits (late spring, late autumn).
5NA = not applicable.
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more common that heifers from LL herds, compared 
with heifers in HH (P = 0.01) and HL (P = 0.054) 
herds, calved in a group box. Use of restraint at milking 
and occurrence of udder-thigh dermatitis tended (P = 
0.06 and P = 0.08, respectively) to differ between herd 
groups, where use of restraint was more common in 
LL herds than in HH herds (pairwise comparison, P 
= 0.02), and presence of udder-thigh dermatitis was 
numerically lowest in LL herds, but the differences 
between herd group were not statistically significant 
in any pairwise comparison. We found no other signifi-
cant differences between herd groups in the variables 
registered.

Bacterial Growth in Colostrum and Milk Samples

Detailed culturing results for all the samples, and for 
colostrum and milk from d 3 to 4 after calving sepa-
rately, are presented in Supplemental Table S1 (https:​
/​/​doi​.org/​10​.5281/​zenodo​.7794752; Persson Waller, 
2023). In total, 5,593 udder quarter samples from 722 
FCH in 25 herds were examined. Overall, a third of the 
samples were contaminated. In 10% of those samples, 
abundant growth (>5,000 cfu/mL) was found, whereas 
the remaining 90% had sparse (<1,000 cfu/mL) or 
moderate (1,000–5,000 cfu/mL) growth. Specific infec-

tion was found in 14% (n = 408) of the samples. The 
prevalence of specific infections was significantly (P 
< 0.001) higher in colostrum samples (16%) than in 
milk samples (12%). Overall, more than 20 bacterial 
species were identified. The most common specific in-
fection was Staph. chromogenes (51% of 408 samples), 
followed by Staph. aureus (13%), Staph. haemolyticus 
(7%), Staph. simulans (6%), Strep. dysgalactiae (4%), 
and Staph. hyicus (4%). The other species were each 
found in ≤3% of the samples with specific infection.

Presence of clots was registered by the farmers in 
1.1% (32 out of 2,822) of all colostrum samples and in 
1.1% (31 out of 2,744) of all milk samples. The like-
lihood of finding clots was significantly higher (P = 
0.004) in quarter samples with specific infection than 
in samples with no growth.

For each udder quarter, the bacteriological findings in 
milk samples from d 3 to 4 after calving were compared 
with the findings in the colostrum samples (Supplemen-
tal Table S2; https:​/​/​doi​.org/​10​.5281/​zenodo​.7794752; 
Persson Waller, 2023). It was significantly more com-
mon that udder quarters with any type of specific 
growth or specific growth of Staph. chromogenes, Staph. 
aureus, Staph. haemolyticus, Staph. simulans, or Staph. 
hyicus in colostrum samples also had the same type 
of bacterial growth in the milk samples than udder 
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Table 3. Total cfu/mL [mean (SD)] and number of samples with different numbers of colony types (CT) in udder skin swab samples in milk-
fed calves, heifers in early pregnancy, and heifers in late pregnancy in herds with a large proportion of first-parity cows with low SCC at first 
and second milk recording after calving (LL herds, n = 13), a large proportion of first-parity cows with high SCC at first milk recording and 
low SCC at the second milk recording (HL herds, n = 11), or a large proportion of first-parity cows with high SCC at first and second milk 
recording (HH herds, n = 15) after calving1

Variable LL HL HH Total P-value

Milk-fed calves        
  Samples2 (n) 26 22 30 78 —
  Log10 cfu/mL 5.91 (1.12) 5.47 (0.87) 5.73 (1.04) 5.72 (1.02) 0.31
  Samples per CT class (n)
    ≤4 2 2 5 9 0.27
    5 8 5 9 22  
    6 11 10 4 25  
    ≥7 5 5 12 22  
Heifers in early pregnancy        
  Samples2 (n) 23 22 28 73 —
  Log10 cfu/mL 6.07 (1.09) 5.75 (0.79) 5.96 (0.94) 5.93 (0.94) 0.46
  Samples per CT class (n)
    ≤4 7 6 8 21 0.94
    5 6 5 8 19  
    6 5 4 7 16  
    ≥7 5 7 5 17  
Heifers in late pregnancy        
  Samples2 (n) 44 34 54 132 —
  Log10 cfu/mL 6.01 (0.90) 5.81 (0.74) 6.11 (0.84) 6.00 (0.84) 0.46
  Samples per CT class (n)
    ≤4 6 7 10 26 0.13
    5 12 6 14 32  
    6 16 14 11 41  
    ≥7 7 7 19 33  
1P-values are from univariable multinomial logistic regression analyses of associations between type of herd and each variable.
2Summary of herds that had samples taken at 2 herd visits (late spring, late autumn).
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quarters with no growth in colostrum samples. Overall, 
146 udder quarters had the same specific infection in 
both samples. Among those, Staph. chromogenes was 
most common (53%; 78 out of 146), followed by Staph. 
aureus (21%), Staph. simulans (10%), Staph. haemolyti-
cus (4%), Staph. epidermidis (3%), Strep. dysgalactiae 
(3%), Staph. hyicus (3%), Strep. uberis (1%), and Ar-
canobacterium pluranimalium (1%).

Table 5 presents comparisons between herd groups 
regarding bacterial growth in all colostrum and milk 
samples. A significantly larger proportion of quarter 
samples in HH herds, compared with LL and HL herds, 
had growth of Staph. simulans in the samples. This 
difference was also observed when analyzing the find-
ings in the colostrum samples (P = 0.001) and in milk 
samples from d 3 to 4 (P = 0.01) separately (data not 
shown). When analyzing the colostrum samples sepa-
rately, growth of Staph. haemolyticus was significantly 
(P = 0.001) more common in HL (4%) and HH (3%) 
herds than in LL (1%) herds (data not shown).

The results from the comparison between herd 
groups in the proportion of udder quarters categorized 
as healthy, cured, the same infection at both samplings, 

or newly infected are given in Table 6. The proportion 
of quarters with the same infection at both samplings 
was higher in HH than in LL herds (P = 0.006) and 
tended to be higher (P = 0.06) in HH than in HL herds. 
The proportion of quarters with Staph. chromogenes 
IMI at both samplings tended to differ between herd 
groups and was numerically highest in HH herds.

Genotypic Comparisons of Isolates  
from Milk Samples

In total, genotyping data were generated for 132 of 
133 milk isolates of Staph. chromogenes from 13 herds, 
and 40 sequence types (ST; including 17 new ST, 
ST130–ST146) were found by 7-loci MLST (Supplemen-
tal Table S3; https:​/​/​doi​.org/​10​.5281/​zenodo​.7794752; 
Persson Waller, 2023). The number of isolates per herd 
varied between 4 and 15, and the number of ST per 
herd between 3 and 7. Including all isolates, ST6 was 
most common (n = 23) followed by ST109, ST1, ST8, 
and ST127 each having 8 to 9 isolates. A total of 11 ST 
had 3 to 5 isolates each, and 25 ST had 1 to 2 isolates. 
We found ST1, ST6, and ST109 in 5 herds each, ST19 
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Table 4. Numbers (%) of animal registrations d 3 to 4 after calving in 685 freshly calved heifers in herds with 
a large proportion of first-parity cows with low SCC at first and second milk recording after calving (LL herds, 
n = 9), a large proportion of first-parity cows with high SCC at first milk recording and low SCC at the second 
milk recording (HL herds, n = 9), or a large proportion of first-parity cows with high SCC at first and second 
milk recording (HH herds, n = 7) after calving1

Item LL HL HH Total P-value

Presence of nonfunctional udder quarter or quarters   0.70
  Yes 9 (4) 13 (5) 8 (4) 30 (4)  
  No 241 (96) 236 (95) 174 (96) 651 (96)  
Treated with antibiotics 14 d before calving   0.14
  Yes 7 (3) 3 (1) 1 (1) 11 (2)  
  No 243 (97) 244 (99) 178 (99) 665 (98)  
Use of restraint at milking     0.06
  Yes 42 (17) 39 (16) 10 (6) 91 (14)  
  No 207 (83) 207 (84) 169 (94) 583 (86)  
Use of oxytocin at milking     0.40
  Yes 23 (10) 14 (6) 7 (4) 45 (7)  
  No 225 (90) 232 (94) 172 (96) 629 (93)  
Presence of udder edema     0.15
  Yes 3 (1) 10 (4) 13 (7) 26 (4)  
  No 247 (99) 237 (96) 165 (93) 649 (96)  
Presence of udder-thigh dermatitis     0.08
  Yes 5 (2) 15 (6) 10 (6) 30 (4)  
  No 245 (98) 232 (94) 168 (94) 645 (94)  
Presence of udder cleft dermatitis     NA2

  Yes 0 (0) 4 (2) 4 (2) 8 (1)  
  No 250 (100) 243 (98) 174 (98) 667 (99)  
Presence of teat warts or wounds     0.77
  Yes 8 (3) 6 (2) 3 (2) 17 (3)  
  No 242 (97) 241 (98) 175 (97) 658 (97)  
Location of heifer calving     0.04
  Single box 52 (21) 147 (60) 120 (69) 319 (48)  
  Group box 197 (79) 97 (40) 53 (31) 347 (52)  
1P-values are from univariable multinomial logistic regression analyses of associations between type of herd 
and each variable.
2NA = not applicable.

https://doi.org/10.5281/zenodo.7794752
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in 4 herds, and ST102 and ST127 in 3 herds each. The 
remaining ST were found in 1 or 2 herds. In 38 (93%) 
of 41 quarters or cows with infection at both samplings, 
the same ST was found in both colostrum and milk 
samples from d 3 to 4 after calving. The distribution 
of these quarters or cows among ST and herds is given 
in Supplemental Table S3. The core and accessory 
wgMLST analyses gave further insight into the high 
genetic variation among herds (Supplemental Figure 
S1; https:​/​/​doi​.org/​10​.5281/​zenodo​.7794752; Persson 
Waller, 2023).

A total of 18 milk isolates of Staph. aureus from 
3 herds were genotyped, and 4 ST (ST705, ST3140, 
ST5835, ST5979) were found. Each ST was only found 
in one of the herds. One herd had 2 ST (ST5835: 3 
cows, 6 isolates; ST705: 1 cow, 2 isolates) whereas the 
other 2 herds had 1 ST each (ST5979: 3 cows, 6 iso-
lates; ST3140, 3 cows, 6 isolates). The same ST was 
found in both colostrum and milk samples in all quar-
ters or cows (n = 9) with infection at both samplings. 
The ST results were confirmed by the wgMLST results 

(Supplemental Figure S2; https:​/​/​doi​.org/​10​.5281/​
zenodo​.7794752; Persson Waller, 2023).

A total of 24 milk isolates of Staph. haemolyticus from 
5 herds were investigated. According to the wgMLST 
results, each isolate was of a separate genotype (Sup-
plemental Figure S3; https:​/​/​doi​.org/​10​.5281/​zenodo​
.7794752; Persson Waller, 2023).

Genotypic Comparisons of Isolates from Skin Swab 
Samples and Milk Samples

One herd had at least 3 isolates of Staph. chromo-
genes from both skin and milk samples, and 5 herds 
had at least 3 isolates of Staph. haemolyticus from both 
skin and milk samples. Within herd, all skin isolates 
of Staph. chromogenes were of different genotypes, and 
they did not match any of the milk isolates (Supple-
mental Figure S1). Likewise, the skin isolates of Staph. 
haemolyticus were of different genotypes and did not 
match any of the milk isolates within herd (Supplemen-
tal Figure S3).
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Table 5. Numbers (%) of bacterial findings in colostrum and milk udder quarter samples collected from 722 
freshly calved heifers in herds with a large proportion of first-parity cows with low SCC at first and second milk 
recording after calving (LL herds, n = 9), a large proportion of first-parity cows with high SCC at first milk 
recording and low SCC at the second milk recording (HL herds, n = 9), or a large proportion of first-parity 
cows with high SCC at first and second milk recording (HH herds, n = 7) after calving1

Item LL HL HH Total P-value

No vs. specific growth of bacteria     0.14
  No 1,189 (81) 1,087 (80) 716 (74) 2,992 (79)  
  Specific 275 (19) 271 (20) 258 (26) 804 (21)  
No or specific growth vs. contamination   0.77
  No/specific 1,464 (69) 1,358 (67) 974 (67) 3,796 (68)  
  Contamination 644 (31) 664 (33) 489 (33) 1,797 (32)  
Growth of Staphylococcus chromogenes   0.20
  Yes 163 (12) 117 (8) 128 (15) 408 (12)  
  No 1,189 (88) 1,087 (90) 716 (85) 2,992 (88)  
Growth of Staphylococcus aureus     0.41
  Yes 30 (2) 33 (3) 41 (5) 104 (3)  
  No 1,189 (98) 1,087 (90) 716 (85) 2,992 (88)  
Growth of Staphylococcus haemolyticus     0.11
  Yes 14 (1) 29 (3) 12 (2) 55 (2)  
  No 1,189 (99) 1,087 (97) 716 (98) 2,992 (98)  
Growth of Staphylococcus simulans     <0.001
  Yes 11 (1) 14 (1) 27 (4) 52 (2)  
  No 1,189 (99) 1,087 (99) 716 (96) 2,992 (98)  
Growth of Streptococcus dysgalactiae     0.49
  Yes 9 (0.4) 14 (1) 10 (1) 33 (1)  
  No 2,099 (99.6) 1,008 (99) 1,453 (99) 5,560 (99)  
Growth of Staphylococcus epidermidis     0.11
  Yes 4 (0.2) 17 (1) 7 (0.5) 28 (0.5)  
  No 2,104 (99.8) 2005 (99) 1,456 (99.5) 5,565 (99.5)  
Growth of Staphylococcus hyicus     0.15
  Yes 17 (0.8) 8 (0.4) 5 (0.3) 30 (0.5)  
  No 2,091 (99) 2014 (99.6) 1,458 (99.7) 5,563 (99.5)  
Growth of other NAS     0.45
  Yes 8 (0.4) 7 (0.4) 3 (0.2) 18 (0.3)  
  No 2,100 (99.6) 2015 (99.6) 1,460 (99.8) 5,575 (99.7)  
1P-values are from multivariable multinomial logistic regression analyses of associations between type of herd 
and each variable including time of sampling in all models.
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DISCUSSION

In the present study, we found some differences in oc-
currence of IMI between the herd groups, which could 
at least partly explain why the udder health in FCH 
differs between these groups. For example, finding a 
larger prevalence of udder quarters with the same IMI 
at both samplings (i.e., in both colostrum and milk 
samples taken 3–4 d after calving) in HH herds is in line 
with the higher milk SCC in FCH in these herds. The 
presence of the same IMI at both samplings, although 
close in time, most likely increases the likelihood of a 
long-lasting increase in SCC. This is in line with our 
previous studies, although the SCC may vary depend-
ing on type of IMI (Lundberg et al., 2016; Nyman et 
al., 2018). Among quarters with persistent IMI, Staph. 
chromogenes was the most common finding, which 
agrees with previous studies (De Vliegher et al., 2012; 
Nyman et al., 2018; De Buck et al., 2021). However, in 
those studies, genotyping of the isolates was not per-
formed, but in the present study we found the same 
genotype at both samplings in almost all udder quar-
ters with 2 isolates of Staph. chromogenes, supporting 
classifying these IMI as true infections likely to persist 
for a longer time. The same was the case for quarters 

with Staph. aureus IMI at both samplings. In the pres-
ent study, Staph. chromogenes accounted for around 
half and Staph. aureus and Staph. simulans for around 
30% of the quarters having the same infection at both 
samplings. In line with a previous study (Nyman et al., 
2018), the likelihood of an IMI at calving remaining 
3 to 4 d later varied between species. In the present 
study this was most common among Staph. simulans 
(83%) and Staph. aureus (76%). In comparison, the 
proportions for Staph. chromogenes and Staph. haemo-
lyticus were 53% and 25%, respectively. Differences in 
persistence between species may be due to variation in 
virulence factors (Naushad et al., 2019).

Overall, Staph. chromogenes was the dominating IMI 
in both colostrum and milk samples, which is in line 
with other studies on FCH (De Vliegher et al., 2012; 
De Buck et al., 2021). Among the isolates sequenced 
in the present study, ST6 was most common, followed 
by ST109, ST1, ST8, and ST127. Isolates belonging 
to ST6, ST109, ST1, and ST127 were also among the 
most prevalent ST in another data set of 105 isolates 
from subclinical cases of mastitis in Swedish dairy cows 
(Persson Waller et al., 2023). In a study of Staph. chro-
mogenes isolates from the United States and Belgium, 
ST1 was most common followed by ST28, but a few 
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Table 6. Numbers (%) of udder quarters considered healthy, cured, the same infection at both samplings, or 
newly infected based on bacterial findings in colostrum and in milk d 3 to 4 after calving collected from 722 
freshly calved heifers in herds with a large proportion of first-parity cows with low SCC at first and second milk 
recording after calving (LL herds, n = 9), a large proportion of first-parity cows with high SCC at first milk 
recording and low SCC at the second milk recording (HL herds, n = 9), or a large proportion of first-parity 
cows with high SCC at first and second milk recording (HH herds, n = 7) after calving1

Item LL HL HH Total P-value

Healthy (no growth in colostrum and d 3–4)   0.32
  Yes 390 (76) 344 (75) 228 (67) 962 (73)  
  No 125 (24) 117 (25) 110 (33) 352 (27)  
Cured (specific infection in colostrum and no growth d 3–4) 0.99
  Healthy 390 (87) 344 (86) 228 (86) 962 (87)  
  Cured 59 (13) 54 (14) 36 (14) 149 (13)  
Same specific infection at both samplings 0.05
  Healthy 390 (91) 344 (88) 228 (79) 962 (88)  
  Persistent 40 (9) 46 (12) 60 (21) 146 (13)  
Infected with Staphylococcus chromogenes at both samplings 0.09
  Healthy 390 (94) 344 (94) 228 (88) 962 (92)  
  Persistent 26 (6) 22 (6) 30 (12) 78 (8)  
Infected with Staphylococcus aureus at both samplings 0.61
  Healthy 390 (98) 344 (97) 228 (95) 962 (97)  
  Persistent 8 (2) 10 (3) 13 (5) 31 (3)  
New infection (no growth in colostrum and specific infection d 3–4) 0.70
  Healthy 390 (94) 344 (95) 228 (94) 962 (94)  
  New infection 26 (6) 17 (5) 14 (6) 57 (6)  
New infection with Staphylococcus chromogenes 0.34
  Healthy 390 (96) 344 (98) 228 (98) 962 (97)  
  New infection 16 (4) 7 (2) 5 (2) 28 (3)  
New infection with Staphylococcus aureus   0.82
  Healthy 390 (99) 344 (99) 228 (99) 962 (99)  
  New infection 2 (1) 3 (1) 2 (1) 7 (1)  
1P-values are from univariable multinomial logistic regression analyses of associations between type of herd 
and each variable.
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of the isolates belonged to ST6 (Huebner et al., 2021). 
These findings indicate both similarities and differences 
in genotypes from different countries or regions.

The reasons for the predominance of Staph. chromo-
genes among FCH are not known but indicate spread 
between animals or a common source of infection in 
the environment. The fact that Staph. chromogenes IMI 
was common already at calving indicates that the infec-
tion had already taken place before calving, which is in 
line with what has been observed previously (Aarestrup 
and Jensen, 1997; Krömker and Friedrich, 2009). Given 
that many of these IMI were also present 3 to 4 d after 
calving, and considering the relationship with a high 
SCC, this emphasizes the need to prevent such IMI. In 
previous publications Staph. chromogenes has mainly 
been considered as a host-adapted udder pathogen, but 
some studies indicate environmental spread (reviewed 
by De Buck et al., 2021). In support for host-adapted 
pathogenesis, Staph. chromogenes has been isolated 
from udder and teat skin as well as from the teat 
canal (reviewed by De Buck et al., 2021). Based on 
the theory that the teat and udder skin can also be a 
reservoir before calving, we collected udder skin swab 
samples from animals in different age groups. How-
ever, Staph. chromogenes was not a common finding in 
those samples. Moreover, different genotypes of Staph. 
chromogenes were found in skin and milk samples in 
the herd, having multiple isolates from both skin and 
milk. Taken together, these findings did not support 
the theory. Although based on a limited number of 
farms and isolates, our findings of a marked diversity in 
genotypes between and within herds, as well as of the 
same genotype in more than one animal within herd, 
support the hypothesis that Staph. chromogenes can act 
as both a host-adapted contagious and an environmen-
tal pathogen.

We also found that Staph. simulans IMI was more 
common in HH herds, and that Staph. haemolyticus 
IMI was more common in colostrum samples from HH 
and HL herds than in LL herds. Although these species 
accounted for only a small part of all IMI, the results 
indicate that such IMI may have a negative effect on 
the SCC of FCH, which is in line with our previous 
study (Nyman et al., 2018). Both species have been 
found in association with mastitis in several parts of 
the world (De Buck et al., 2021). Staphylococcus simu-
lans is often considered as a host-adapted contagious 
pathogen and Staph. haemolyticus as a contaminant or 
an environmental pathogen (Jenkins et al., 2019; Hamel 
et al., 2020). In the present study Staph. haemolyticus 
was the most common finding in skin samples of all 3 
age groups, but the genotypes found among the skin 
isolates differed from the quarter isolates. Differences 
in Staph. haemolyticus IMI between herd groups may 

therefore indicate differences in udder cleanliness, but 
in the present study we found no differences between 
herd groups in any of the hygiene variables investi-
gated. In general, late pregnancy is a risk period for 
IMI, as teat canal closure is compromised during this 
period (Krömker and Friedrich, 2009). Thus, manage-
ment routines to keep the environment clean are even 
more important during late pregnancy. In the present 
study only 76% of the heifers in late pregnancy scored 
as clean, which indicates room for improvement. The 
present recommendation is to let heifers calve in single 
boxes rather than in group boxes, as the latter system 
is considered more difficult to keep clean. It was there-
fore somewhat surprising to find that heifer calving in 
group box was more common in LL herds than in HH 
and HL herds. In our previous study, including a larger 
number of herds, the site for heifer calving did not dif-
fer between herd groups (Persson Waller et al., 2021). 
However, HH herds let the cows stay longer in the calv-
ing area after calving, probably increasing the risk for 
IMI due to problems keeping the area dry and clean. 
It may be hypothesized that heifers might experience 
more stress if housed separately, especially if they have 
previously been housed in groups with other heifers.

Udder edema can be rather common in FCH and 
has been associated with mastitis (Waage et al., 2001; 
Morrison et al., 2018). In the present study, udder 
edema was registered for 4% of the heifers, but no dif-
ference was found between the herd groups. Likewise, 
a difference between herd groups was not found in our 
previous study at herd level, where approximately half 
of the 170 farmers stated that they had observed udder 
edema in at least one FCH during the last year (Persson 
Waller et al., 2021). Due to differences in study design, 
comparing occurrence of udder edema with other stud-
ies must be done with caution. For example, Morrison 
et al. (2018) and Fernandes et al. (2022) found udder 
edema in primiparous cows to be much more common 
(67% and 98%) than in the present study of cows dur-
ing the first week after calving. In contrast, Melendez 
et al. (2006) diagnosed udder edema in 12% of the heif-
ers just before calving. It is possible that the occurrence 
found in the present study is underestimating the true 
occurrence, as the registration of udder edema was per-
formed by the farmers.

Skin lesions, such as hock lesions and different 
types of skin wounds on or close to the udder, can be 
a reservoir for bacteria, including mastitis-associated 
pathogens (Capurro et al., 2010; Persson Waller et al., 
2014), and may therefore be a risk factor for mastitis. 
In the present study, however, we found no significant 
differences in prevalence of hock lesions, udder cleft 
dermatitis, udder-thigh dermatitis, or presence of warts 
or wounds on teats between the herd groups. Given 
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that the information was based on farmer observations, 
however, the data must be interpreted with caution, as 
some under-reporting is possible.

To our knowledge, information on prevalence of hock 
lesions in heifers is scarce. Our data indicate a very low 
prevalence of such lesions among heifers in late preg-
nancy, which was markedly different from the relatively 
high prevalence among Swedish dairy cows (Ekman et 
al., 2018a). The difference between heifers and cows is 
probably mainly due to differences in housing between 
the groups. Likewise, the present study indicates a 
much lower occurrence of udder cleft dermatitis among 
FCH than what has been found in dairy cows (Ekman 
et al., 2018b). This finding was, however, not surpris-
ing, as the prevalence in cows increased with lactation 
number and lactation month (Ekman et al., 2018b). 
However, in our previous study at herd level, including 
the herds from the present study as well as other herds, 
12% of the farmers stated that they had observed udder 
cleft dermatitis at least once among FCH during the 
last year (Persson Waller et al., 2021).

The prevalence of udder-thigh dermatitis tended to 
differ between herd groups, with the numerically lowest 
occurrence in LL herds. Udder-thigh dermatitis occurs 
primarily among FCH and is often associated with 
udder edema (Sigmund et al., 1983). In the present 
study, udder-thigh dermatitis was reported in 4% of 
the FCH, which was slightly higher than in Sigmund 
et al. (1983) and much lower than in Roy et al. (2012), 
who reported 23 cases per 100 primiparous cows per 
year. In comparison, 25% of the farmers participating 
in our previous study at herd level stated that they had 
observed udder-thigh dermatitis at least once among 
FCH during the last year.

In the present study 4% of FCH had at least one non-
functional quarter, but no difference was found between 
herd groups. According to the questionnaire in our pre-
vious study at herd level, around 80% of the farmers 
stated that they had had at least one such heifer during 
the last year (Persson Waller et al., 2021). We have not 
been able to identify many similar studies on this topic, 
but Duraes et al. (1982) and The Vet Group (2019) 
found nonfunctional quarters in similar proportions 
(3% and 2%) of heifers. Nonfunctional quarters may 
be due to teat sucking among calves or heifers, which 
was more common among HH herds (Persson Waller et 
al., 2021).

Milking the FCH can be stressful, and for some in-
dividuals this may result in inhibition of milk ejection 
(Van Reenen et al., 2002). Thus, restraining or injection 
of exogenous oxytocin, respectively, may be necessary 
for one or several milkings. In the present study we 
found that use of restraint at milking was more com-
mon in LL herds than in HH herds, which was in line 

with the findings from our herd-level study (Persson 
Waller et al., 2021). In contrast, use of restraint has 
also been associated with increased SCC (Svensson et 
al., 2006). It may be hypothesized that use of restraint 
measures may lead to a quicker acceptance of the milk-
ing procedure. The data of the present study indicate 
that restraint and use of oxytocin at milking are quite 
common on Swedish farms, as 14% of the sampled ani-
mals had been restrained and 7% had been treated with 
oxytocin. These results were in line with the results 
in our previous herd-level study, where approximately 
two-thirds of the farmers stated that they had used 
restraints and the same proportion stated that they 
had treated at least one FCH with oxytocin during the 
last year (Persson Waller et al., 2021).

As the number of herds per herd group included in 
the analyses of IMI was relatively small, the results 
must be interpreted with caution. Several herds had 
to be excluded from the analyses because they did not 
take milk samples from a sufficient proportion of the 
FCH. The reasons for not fulfilling the inclusion criteria 
are not known, but practical issues and lack of time 
were the most likely factors. Moreover, the herds were 
initially selected based on their categorization as LL, 
HL, or HH herds. Thus, the herds cannot be consid-
ered representative for all Swedish herds. However, the 
results may still be useful for herds other than those 
included in the study.

For practical and economic reasons, the farmers or 
their personnel took all milk samples in the present 
study. Despite careful instructions on aseptic milk 
sampling, one-third of the samples were considered 
contaminated. This made the identification of potential 
mastitis-associated pathogens more difficult.

Genotypic comparisons of bacterial isolates from 
milk and skin samples were only performed for Staph. 
chromogenes and Staph. haemolyticus from a few herds, 
due to a lack of sufficient numbers of isolates per herd 
and sample type. Moreover, the number of herds with 
sufficient numbers of milk isolates of Staph. aureus was 
also small. Thus, the results from these analyses must 
be interpreted with care.

The detection of few differences between herd groups 
could at least partly be due to the fact that the herds 
were too similar—that is, that the proportions of FCH 
with low CSCC or high CSCC at first and second test 
milking, respectively, were not sufficiently different 
when the number of herds was low. However, although 
the number of herds was low, the level of observation 
was cow or quarter, and for most of the variables in-
vestigated (27 of the 41 variables) the numbers of ob-
servations were quite large (approximately 600 to over 
3,000 observations), thus having enough power to find a 
statistical difference if one existed. On the other hand, 
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for some of the variables (14 out of 41), the numbers 
of observations were quite small (approximately 70 to 
400) due to lack of animals to observe. The risk of low 
numbers of observations is that the power to find a 
statistical difference is low; thus, a nonsignificant dif-
ference can be due to the small number of observations 
and not due to a true non-difference. Hence, for the 14 
variables with few observations, we cannot say that the 
nonsignificance was due to a true non-difference or due 
to too few observations.

We chose to not perform any multivariable analyses 
in this study, as only a few variables were significant 
in the univariable analyses. However, because we only 
used univariable analyses, we could not consider poten-
tial confounding effects or interactions, although the 
possible confounding effect of age was adjusted for, as 
we stratified some of the analyses by age. Using a mul-
tivariable analysis could have shown which variables 
were more strongly associated with the outcomes and 
pinpointed whether any of the dependent variables had 
a confounding effect.

CONCLUSIONS

Some differences in IMI were found between the 3 herd 
groups that had good or poorer udder health among 
FCH. For example, quarters with the same IMI in both 
colostrum and milk sampled 3 to 4 d after calving were 
more common in HH herds than in HL and LL herds. 
Such infections were mainly due to Staph. chromogenes. 
In contrast, cleanliness and occurrence of most of the 
cow factors studied did not differ significantly between 
the herd groups. However, group calving and use of 
restraint at milking were most common in LL herds, 
and udder-thigh dermatitis was least common in LL 
herds. The reasons for the predominance of Staph. chro-
mogenes IMI in FCH need further studies.
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