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Abstract: Environmental conditions are known to influence the dairy cow health, with most research focusing 
on the detrimental effects of heat stress. However, the impact of non-summer weather patterns in temperate cli-
mates on udder health carry-over between lactations is not well understood. This pilot study evaluated the effect 
of various weather factors (temperature, humidity, precipitation, sunshine) during 1-day to 90-day periods before 
dry-off on udder health in the first month post-calving (represented by somatic cell count, conductivity, lactose, 
and mastitis incidence) in 199 Holstein cows in Central Europe. The scope of the experiment was limited to one 
farm and one year of observations. Moreover, we also evaluated milk quality, milkability, and udder health param-
eters during the same periods before dry-off on udder health after calving. We aimed to identify viable indica-
tors across available automatically collected data from weather stations and milking parlour analysers. We found 
that the long-term (30- to 90-day) exposure to colder temperatures, high humidity, and low sunshine duration 
before dry-off was significantly associated with worse udder health after calving. In contrast, short-term weather 
conditions (1- to 7-day) had no significant effect. Monitored milk quality and udder health parameters showed 
a significant relation to udder health after calving during the immediate periods before dry-off, while milkability 
parameters were insignificant. If lactose was decreased or protein content, conductivity, and somatic cell count 
were elevated during the 1- and 7-day period before dry-off, cows after calving showed worse udder health. These 
findings identify prolonged cold and damp conditions as a significant environmental risk factor for poor udder 
health in the subsequent lactation, expanding our understanding beyond the conventional focus on heat stress.
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Environmental conditions are recognised 
as a major contributor to mastitis risk, with the 
vast majority of research focusing on the detri-
mental effects of heat stress (West 2003; Das et al. 
2016). High ambient temperatures and humidity, 
often quantified by the temperature-humidity in-
dex, are well-documented stressors that compro-
mise the immune function in dairy cattle (Das 
et al. 2016; Bagath et al. 2019). The direct and 
indirect effects of global climate change in com-
bination with ever-increasing weather extremes 
are serious problems for livestock farming (Gauly 
and Ammer 2020). Changes in the humidity and 
wind regimes are expected, along with the increase 
in temperatures (Hempel et al. 2019). At the same 
time, Intergovernmental Panel on Climate Change 
(2021) forecasted in their regional climate projec-
tions an increase in mean and extreme precipi-
tation events for Northern and Central Europe, 
underscoring that future environmental challenges 
to livestock health will not be limited to heat only. 
Temperature, humidity, air velocity, and light are 
four important microclimatic parameters that af-
fect cattle health (Assatbayeva et al. 2022). In this 
regard, identifying correlations between environ-
mental parameters and physiological reactions 
of cattle is a starting point for evaluating their ef-
fects on future welfare and milk production of dairy 
cows (Mylostyvyi and Chernenko 2019). The 
weather influences the microclimate in the stable, 
especially in the case of inappropriate management 
of ventilation. Fluctuations from ideal values signif-
icantly increase the incidence of various diseases, 
such as mastitis (Assatbayeva et al. 2022).

Studies have already identified various cow-, 
farm-, and management-related factors before 
and during the dry period that can affect the rate 
of clinical mastitis after calving (Green et al. 2007; 
Wagemann-Fluxa et al. 2024), and environmental 
factors like weather patterns can also play a role. 
The intensive research focus on heat stress may 
obscure the impact of other climatic challenges 
prevalent in temperate zones. Wet conditions and 
high humidity increase the pathogen loads in the 
air and the proliferation of environmental mastitis 
pathogens in bedding (Watson 2015). Cold weather 
can act as a cumulative stressor, affecting the cow’s 
overall physiological and immune status (Debnath 
et al. 2024).

While some studies have noted higher mastitis in-
cidence during wet seasons (Nobrega and Langoni 

2011), or higher subclinical mastitis rates corre-
lated with high humidity and lower temperatures 
(Correa et al. 2024), the relative importance and 
carry-over effects of these prolonged, non-heat-
stress weather patterns from the pre-dry on the 
subsequent lactation udder health remain largely 
unexplored.

Moreover, selective dry-off treatment has been 
widely applied across EU dairy farms, which 
is a switch from blanket antimicrobial dry cow 
treatment. The success of selective dry-off relies 
on the correct selection of criteria to identify cows 
with mastitis for antimicrobial treatment. These 
criteria mostly include somatic cell count, bacterial 
cultivation, or milk yield, although more param-
eters, like weather conditions, might be viable for 
use in practice.

This study aimed to analyse weather and climate 
factors in various periods before dry-off to find 
out if they significantly affected udder health after 
calving. Milk quality, milkability, and udder health 
parameters during the same pre-dry-off periods 
were also evaluated to serve as a comparison to the 
weather effects.

MATERIAL AND METHODS

This experiment was carried out in accordance 
with Czech legislation for the Protection of Animals 
against Cruelty (No. 246/1992) and with Directive 
2010/63/EU on the Protection of Animals Used for 
Scientific Purposes.

Farms and animals. The study was conducted 
on a commercial dairy farm with Holstein cows 
in  the Central Bohemian region of  the Czech 
Republic. The cows were housed in a modern stable 
with free-stall housing, an active ventilation system, 
and recycled manure solids as bedding. The farm 
is located 412 m above sea level in the moderate 
climate zone of Central Europe. Cows were milked 
twice a day in a herringbone parlour and were fed 
ad libitum. The total mixed ration was formulated 
to exceed requirements for lactating Holstein cows. 
The average daily milk yield of the herd during 
the monitored period was 31.82 kg with 4.05% fat 
content, 3.65% protein content, and 186 thousand 
somatic cells per ml.

The farm used blanket dry cow treatment. The 
dry period was approximately 60 days long. In total, 
199 Holstein cows (first lactation = 83; second lacta-
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tion = 48; third and higher lactation = 68) were mon-
itored within a year from June 2020 to June 2021. 
Cows in our study calved from September 9, 2020 
to May 14, 2021. Cows calving between June and 
August were excluded from this analysis to specifi-
cally isolate the effects of non-heat-stress weather 
patterns on post-calving udder health and to avoid 
the well-documented, confounding effects of peri-
parturient heat stress on udder health.

Experimental design. The experiment was de-
signed to evaluate the effect of weather conditions 
(specific parameters defined in data collection) be-
fore dry-off (in 1-day, 7-day, 30-day, and 90-day 
periods) on udder health during the first month 
after calving (represented by average SCC, conduc-
tivity, lactose, and incidence of clinical mastitis). 
The 1-day and 7-day periods were chosen to evalu-
ate immediate, short-term triggers, while the 30-
day and 90-day periods were selected to assess the 
impact of longer-term, cumulative environmental 
exposure. Furthermore, the effects of udder health, 
milkability, and milk quality parameters (specific 
parameters defined in data collection) on udder 
health were evaluated during the same periods be-
fore dry-off during the first month after calving. 
Various periods before dry-off were evaluated with 
the aim of identifying periods with a significant 
impact on udder health in the following lactation.

Data collection. A comprehensive set of weather 
variables, which are routinely collected by weath-
er  stations, was initially assessed to avoid pre-
judging which factor (temperature, humidity, 
precipitation, wind, or sunshine) might be bio-
logically the most relevant. Weather parameters 
such as average daily wind speed (m/s), maximum 
wind speed (m/s), average daily relative humidity 
(%), daily total precipitation (mm), daily total sun-
shine duration (hours), average daily air tempera-
ture (°C), maximum daily air temperature (°C) and 
minimum daily air temperature (°C) were obtained 
from the nearby (6 km) monitoring station of the 
Czech Hydrometeorological Institute, namely from 
the Lany station (ID: P01LANY01). While this 
provides a reliable measure of regional weather, 
we acknowledge that the in-barn microclimate was 
not measured and could differ. However, evalua-
tion of the in-barn microclimate was not the aim 
of this experiment.

Data on the milk quality [fat (%), protein (%), 
and fat/protein ratio] were obtained from Afilab 
analysers (Afifarm, Afikim, Israel). Data on milk-

ability [average milk flow (kg/min); partial milk 
flows during the first two minutes of milking = 
0–15 s, 15–30 s, 30–60 s, 60–120 s (kg/min); milk-
ing time (min); milk yield (kg); milk yield in the 
first two minutes of milking (% of total milk yield); 
occurrence of bimodal milk flow (%); occurrence 
of delayed milk flow (%)] were obtained from Afilab 
analysers (Afifarm, Afikim, Israel). The occurrence 
of bimodal milk flow was detected when two incre-
ments of milk flow were followed by a clear drop 
in milk flow by more than 0.2 kg.min–1 within 1 min 
after the start of milking (Dzidic et al. 2004). The 
occurrence of delayed milk flow was characterised 
as no milk flow during the first 30 s of milking. Data 
on udder health indicators [lactose (%), SCC (thou-
sand cells/ml), electric conductivity (mS), blood 
in milk (%)] were obtained from Afilab analysers. 
Monitored parameters from Afilab analysers were 
measured for each cow for every milking during 
the monitored period. Data on mastitis incidence 
were obtained from the veterinary documentation. 
Clinical mastitis in the first month after calving 
was diagnosed in 14 out of the 199 tested animals. 
Information about the animals involved in the ex-
periment was obtained from the farm documen-
tation.

Statistical analysis.  The statistical analyses 
were performed with the SAS software v9.4 (SAS/
STAT®; SAS Institute, Inc. Cary, NC, USA). The ba-
sic statistics were calculated by the UNIVARIATE 
procedure. Data had normal distribution, except 
for mastitis incidence (binary yes – 100/no – 0) 
and SCC, which were logarithmically transformed. 
The effect of the monitored parameters of weather, 
udder health, milk quality, and milkability in 1-, 
7-, 30- and 90-day periods before dry-off on the 
udder health in the first month after calving was 
evaluated by the GLM procedure using one-factor 
analysis of variance. Evaluated effects of weather, 
milkability, udder health and milk quality were av-
eraged for the monitored periods before dry-off 
(1, 7, 30, and 90 days), and divided into equally 
sized groups based on  the standard deviation 
(group 1 = <x– – ½ σ; group 2 = x– – ½ σ to x– +1/2 σ; 
group 3 = >x– + ½ σ). The udder health after calving 
was evaluated during the first month of lactation 
based on  averages of  SCC (thousand cells/ml), 
lactose (%), conductivity (mS), and occurrence 
of clinical mastitis. The following weather effects 
were evaluated: daily wind speed, maximum wind 
speed, average daily relative humidity, daily total 
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precipitation, daily total sunshine duration, av-
erage daily air temperature, maximum daily air 
temperature, and minimum daily air temperature. 
The following udder health effects were evaluat-
ed: SCC, lactose, electric conductivity, and blood 
in milk. The following milk quality effects were 
evaluated: fat, protein, and fat/protein ratio. The 
following milkability effects were evaluated: aver-
age milk flow, partial milk flows during the first 
two minutes of milking, milking time, milk yield, 
milk yield in the first two minutes of milking, oc-
currence of bimodal milk flow, and delayed milk 
flow. Differences between means were evaluated 
using the Tukey-Kramer test. The significance level 
P < 0.05 was used to evaluate statistical significance.

RESULTS

Monitored weather effects showed the highest 
significance on udder health after calving during 
the 90-day period before dry-off (Table 1). Similar 
trends were also observed for the 30-day period, 
however, differences between groups in some ef-
fects (average daily relative humidity, sunshine 
duration, average wind speed, and maximum wind 
speed) were no longer statistically significant and 
only showed tendencies. Weather parameters during 
1-day and 7-day periods before dry-off did not show 
any significant effect on udder health after calving.

We observed significant differences in tempera-
ture effects (minimal, maximal, average) on so-

Table 1. The effect of  weather conditions 90  days before dry-off on  udder health in  the first month after calving 
(n = 199 cows)

Effect Groups SCC 
LSM

Lactose (%) 
LSM

Conductivity (mS) 
LSM

Mastitis incidence (%) 
LSM

Minimum daily air 
temperature (°C)

<3.08 219.92a 4.93a 8.56 7.58
3.08–10.64 159.73b 4.99b 8.60 7.81

>10.64 163.10b 4.95a 8.63 5.80

Maximum daily air 
temperature (°C)

<8.77 219.92a 4.93a 8.56 7.58
8.77–21.95 160.81b 5.00b 8.60 7.94

>21.95 162.09b 4.95a 8.62 5.71

Average daily air 
temperature (°C)

<5.77 219.92a 4.93a 8.56 7.58
5.77–15.69 155.06b 5.00b 8.60 7.25

>15.69 168.41b 4.95a 8.62 6.25

Average daily relative 
humidity (%)

<72.71 168.05a 4.95a 8.64 6.56
72.71–88.01 161.14a 4.99b 8.60 8.45

>88.01 213.43b 4.93a 8.55 5.97

Daily total precipitation 
(mm)

<1.50 218.94a 4.92a 8.57 7.69
1.50–2.06 169.73b 4.96 8.63 7.46

>2.06 155.06b 4.98b 8.58 5.97

Daily total sunshine 
duration (hours)

<2.11 215.18a 4.93a 8.55 6.06
2.11–6.54 161.23b 4.99b 8.60 8.45

>6.54 166.82 4.95a 8.63 6.45

Average daily wind 
speed (m/s)

<1.60 161.75 4.96 8.61 6.67
1.60–1.68 170.51 4.98a 8.59 8.11

>1.68 210.29 4.93b 8.58 6.15

Maximum wind 
speed (m/s)

<7.32 218.68a 4.94 8.58 4.41
7.32–8.23 162.37b 4.98 8.58 12.70

>8.23 160.19b 4.95 8.62 4.41
a,bDifferent letters in columns within the effect represent statistically significant differences (P < 0.05)
LSM = least square means; SCC = somatic cell count (thousand cells/ml)
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matic cell count (SCC) and lactose after calving. 
Temperature effects showed the same trend, with 
significantly increased SCC for the lowest tempera-
ture group during 90 days before dry-off (+51.51 
to 64.86 thousand cells/ml; P < 0.05; Table 1). There 
was no significant difference in SCC between the 
medium and high temperature groups. Lactose 
content was highest for medium temperature 
groups (4.99–5%; P < 0.05). Mastitis incidence after 
calving was not significantly affected by weather 
before dry-off, probably due to low incidence dur-
ing the monitored period. However, some trends 
could be  observed, which might prove signifi-
cant in a larger dataset. Relative humidity during 
90 days before dry-off also affected udder health 
after calving (Table 1). We observed the highest 
SCC when the average relative humidity was above 
88% during 90 days before dry-off (+52.29 thousand 
cells/ml compared to the medium humidity group; 

P < 0.05). Lactose content was significantly higher 
in the medium humidity group (4.99%, P < 0.05). 
Daily precipitation and total daily sunshine also 
significantly affected udder health after calving. 
The worst udder health (increased SCC, decreased 
lactose; P < 0.05) was observed for low daily pre-
cipitation and short sunshine duration during the 
90-day period before dry-off (Table 1). The re-
sults for wind factors were inconclusive. SCC was 
not significantly affected, although we observed 
a trend for higher SCC with more windy weather. 
This trend was confirmed by lactose content, which 
was significantly lower if there was windy weather 
in the 90-day period before dry-off. On the oth-
er hand, the maximum wind speed showed opposite 
results with the lower SCC if the maximum wind 
speed reached above 7.3 m/s. Conductivity after 
calving was not affected by any of the evaluated 
weather effects.

Table 2. The effects of monitored milk quality and udder health parameters 7 days before dry-off on udder health 
in the first month after calving (n = 199 cows)

Effect Groups SCC
LSM

Lactose (%) 
LSM

Conductivity (mS) 
LSM

Mastitis (%) 
LSM

Log SCC
<2.04 140.49a 5.01a 8.55 2.90

2.04–2.41 179.96a 4.96b 8.60 10.13
>2.41 232.02b 4.89c 8.64 6.00

Lactose (%)
<4.90 237.52a 4.89a 8.70a 7.58

4.90–5.04 163.05b 4.97b 8.53b 10.61
>5.04 142.61b 5.01c 8.55 2.99

Conductivity (mS)
<8.39 156.22a 4.98a 8.38a 4.62

8.39–8.99 165.26 4.97a 8.64b 7.58
>8.99 219.57b 4.92b 8.76b 8.82

Blood (%)
<0.01 170.20 4.98a 8.58 6.06

0.01–0.03 170.58 4.96 8.52a 10.61
>0.03 201.51 4.92b 8.69b 4.48

Fat (%)
<4.38 183.91 4.95 8.61 9.09

4.38–4.71 188.81 4.95 8.66 7.46
>4.71 169.76 4.97 8.51 4.55

Protein (%)
<3.60 151.81a 5.00a 8.62 5.88

3.60–3.78 178.58 4.95b 8.63 6.15
>3.78 213.05b 4.92b 8.54 9.09

Fat/protein ratio
<1.18 203.00 4.93a 8.59 9.09

1.18–1.27 170.05 4.96 8.64 7.58
>1.27 169.72 4.98b 8.54 4.48

a–cDifferent letters in columns within the effect represent statistically significant differences (P < 0.05)
LSM = least square means; SCC = somatic cell count (thousand cells/ml)



26

Original Paper	 Czech Journal of Animal Science, 71, 2026 (1): 21–29

https://doi.org/10.17221/169/2025-CJAS

Compared to the evaluation of weather effects, 
monitored milk quality and udder health param-
eters during the 1-day and 7-day periods before 
dry-off showed a more significant relation to udder 
health after calving. If the udder health indicators 
(SCC, lactose, conductivity, blood) were elevated 
(decreased in the case of lactose) in the 7-day pe-
riod before dry-off, cows after calving showed the 
worse udder health (Table 2). Significant differ-
ences were found for the worst groups (high SCC, 
low lactose content, high conductivity, high blood 
content) compared to the medium and the best 
group in these udder health indicators. The me-
dium and the best group did not differ significantly, 
however, the trend of better health after calving 
for the group with the best values for udder health 
parameters was observed.

Moreover, the majority of  these significances 
were also found with the same trends during the 
30- and 90-day period before dry-off. For exam-
ple, SCC and lactose effects on udder health were 
significant after calving in all monitored periods 
before dry-off. Conductivity groups before dry-off 
showed significant differences in SCC, lactose, and 
conductivity after calving in all monitored peri-
ods before dry-off. Blood content groups showed 
a significant difference in SCC only in the 1-day 
period before dry-off, but there were significant 
differences in lactose content in all periods.

Fat content before dry-off did not significantly 
affect the udder health parameters after calving 
in any of the monitored periods. Cows with high 
protein content (>3.78%) during the 7-day period 
before dry-off had higher SCC (+61.24 thousand 
cells/ml; P  <  0.05) and lower lactose (–0.08%; 
P < 0.05) after calving compared to cows with low 
protein content (<3.6%; Table 2), and this effect 
was observed in all monitored periods. The fat/
protein ratio before dry-off was significant only for 
lactose content after calving. Cows with a low fat/
protein ratio during the 7-day period before dry-
off had the lowest lactose content (P < 0.05), and 
an insignificantly higher SCC (Table 2).

Milk yield and tested milkability parameters 
(milking time, milk yield in the first two minutes 
of milking, average milk flow, partial milk flows, 
occurrence of bimodal milk flows and delayed milk 
flows) during the 1-day, 7-day, 30-day and 90-day 
periods before dry-off did not have a significant 
effect on udder health after calving. The only ef-
fect that showed significant differences between 

groups was average milk flow during the 1-day 
and 7-day periods before dry-off. Cows with lower 
milk flow (<1.78 kg/min) during these periods had 
significantly higher SCC (210.18 vs 157.88 thou-
sand cells/ml; P < 0.05) in the first month after 
calving compared to  cows with high milk flow 
(>2.15 kg/min).

DISCUSSION

The primary and most novel finding of  this 
study is that the long-term exposure to cold, hu-
mid, and overcast weather during the 90-day and 
30-day period preceding dry-off was significantly 
associated with poorer udder health in the first 
month of the subsequent lactation. This contrasts 
with the vast body of literature that identifies heat 
stress as the primary environmental threat to ud-
der health in dairy cattle (West 2003; Bagath et al. 
2019). Extremes of temperature and humidity are 
to some extent tied to the season of the year, and 
they will significantly influence SCC and the to-
tal number of bacteria (Bokharaeian et al. 2023). 
On the other hand, our results suggest that in tem-
perate climates, non-heat stress weather patterns 
represent a significant, and likely underappreci-
ated, risk factor for the carry-over of udder health 
problems between lactations.

Several biological mechanisms could explain 
this association. Firstly, prolonged periods of cold, 
damp, and low-sunshine weather can degrade the 
quality of bedding and outdoor loafing areas, cre-
ating an ideal environment for the proliferation 
of environmental mastitis pathogens. Secondly, 
while not as acute as heat stress, chronic exposure 
to cold conditions can be a significant physiological 
stressor, increasing energy expenditure for thermo-
regulation and potentially diverting resources away 
from the immune system (Debnath et al. 2024). The 
effect of climatic variations on various metabolic 
alterations, including immune system depletion, 
which consequently favours the occurrence of dis-
eases, is better understood for conditions of high 
temperatures and humidity when animals suffer 
from heat stress (Bagath et al. 2019). Either way, 
a cow entering the dry period in a state of compro-
mised immunity would be more susceptible to new 
intramammary infections. Udder health can carry 
over to the next lactation, which we also observed 
in our results, when the cows with worse udder 
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health parameters before dry-off had worse ud-
der health parameters after calving.

Our findings align with and extend the observa-
tions of studies that have linked mastitis incidence 
to wet seasons. For instance, Nobrega and Langoni 
(2011) reported a higher incidence of mastitis dur-
ing the wet season in Brazil. More recently, Correa 
et al. (2024) observed higher rates of subclinical 
mastitis associated with high humidity and lower 
temperatures. Our study builds upon this by pin-
pointing a specific critical window – the long-term 
period leading up to  dry-off  – suggesting that 
the cumulative effect of these conditions, rather 
than a short-term weather event, is the key driver. 
Importantly, our results do not contradict the ex-
tensive evidence on heat stress, rather we reveal 
that the environmental risks in other seasons are 
different but also significant. The correlation of en-
vironmental temperature and humidity to SCC was 
also observed by Piscopo et al. (2024), however, 
the authors found that climatic conditions had 
a stronger effect on milk yield and milk solids.

To contextualise the magnitude of these weather 
effects, we compared them against known cow-level 
indicators of udder health. As expected, parameters 
such as SCC, milk conductivity, and protein content 
measured in the week before dry-off were strong and 
immediate predictors of post-calving udder health. 
This highlights a crucial distinction: weather appears 
to function as a broad, long-term, herd-level risk 
factor that sets the stage for infection, while indi-
vidual milk parameters reflect the acute, cow-level 
physiological response to the sum of all challenges. 
This explains why weather data lacks the precision 
for individual cow decisions, such as in selective dry 
cow treatment, but is valuable for understanding 
seasonal risk patterns. Milk parameters strongly re-
lated to udder health can be used as criteria in selec-
tive dry cow treatment systems. Mostly, SCC is used 
(Cameron et al. 2015; Kiesner et al. 2016; Vanhoudt 
et al. 2018) as an increase of SCC during intramam-
mary infections is well documented (Bezman et al. 
2015), but in our study conductivity, lactose, and 
protein content also showed a potential to improve 
the selection process for dry-off thanks to their 
strong relation to udder health, as was shown in mul-
tiple studies (Nielsen et al. 2005; Bezman et al. 2015; 
Paudyal et al. 2020). Nielsen et al. (2005) found low-
er protein and higher lactose content in milk from 
healthy quarters compared to unhealthy quarters. 
Higher protein and lower lactose were also observed 

in the already cited study of Nobrega and Langoni 
(2011), when they found these changes in milk sol-
ids during the wet season, in which the incidence 
of mastitis was also increased.

Most milkability parameters and milk yield before 
dry-off were not significantly associated with post-
calving udder health in our study. Even though milk 
yield is generally recommended and used as a crite-
rion in selective dry-off systems (Niemi et al. 2021), 
average milk flow was the only significant milk-
ability factor, when we found significantly higher 
SCC and lower lactose content after calving for 
cows with low average milk flow in the 1- and 7-day 
periods before dry-off. Lower average milk flow 
for cows with mastitis was observed in the study 
of Gasparik et al. (2022). Milk flow characteris-
tics can be used for earlier identification of health 
problems and specific milk flow characteristics can 
be risk factors for mastitis (Tancin et al. 2007), how-
ever in our study milkability characteristics before 
dry-off did not affect the udder health after calving.

We are aware of several limitations of this pilot 
study, and for future studies in this research area, 
multiple farms should be included, in-barn micro-
climate should be measured, and more cow-level 
factors should be evaluated. Despite these limita-
tions, our findings have tangible implications for 
herd management in temperate climates. While 
farmers should not use a weather forecast for in-
dividual dry cow treatment decisions, they can use 
seasonal patterns to identify high-risk periods – 
like particularly cold and wet periods. During 
these times, management should intensify its focus 
on environmental hygiene, ensuring cows have ac-
cess to clean, dry, and well-maintained lying areas 
to minimise the pathogen challenge. Furthermore, 
a more conservative strategy for dry-off, like using 
a lower SCC threshold for selective dry cow therapy, 
might be warranted during these high-risk seasons. 
Future research should aim to validate these find-
ings across multiple farms and integrate in-barn 
sensors with bacteriological and immunological 
data to precisely elucidate the mechanisms linking 
cold, damp weather to udder health.

CONCLUSION

Our study identifies prolonged exposure to cold, 
humid, and overcast weather in the 90-day and 30-
day periods preceding dry-off as a significant risk 
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factor for udder health in the subsequent lacta-
tion. This finding shifts the scientific focus be-
yond the well-documented effects of heat stress, 
highlighting a different, yet critical, environmental 
challenge in temperate climates. The effect might 
be caused by cumulative physiological stress on the 
cow and increased environmental pathogen chal-
lenge. While these weather patterns are not precise 
enough for individual cow selection for selective 
dry cow treatment, they can help identify high-risk 
seasons, guiding management to intensify environ-
mental hygiene and adopt more conservative udder 
health strategies. Even though the weather in the 
7-day and 1-day periods before dry-off did not 
prove to be a useful criterion for dry cow treatment, 
it is important to continue the research and look 
for novel criteria that might improve selection for 
antibiotic or non-antibiotic treatment. Besides the 
already used SCC, other monitored udder health 
parameters (conductivity, lactose content) and 
protein content showed a potential to be included 
in the selection process.

Conflict of interest

The authors declare no conflict of interest.

REFERENCES

Assatbayeva G, Issabekova S, Uskenov R, Karymsakov T, 
Abdrakhmanov T. Influence of microclimate on ketosis, 
mastitis and diseases of cow reproductive organs. J Anim 
Behav Biometeorol. 2022 Aug 2;10(3):2230.

Bagath M, Krishnan G, Devaraj C, Rashamol VP, Pragna P, 
Lees AM, Sejian V. The impact of heat stress on the im-
mune system in dairy cattle: A review. Res Vet Sci. 2019 
Oct;126:94-102.

Bezman D, Lemberskiy-Kuzin L, Katz G, Merin U, Leit-
ner G. Influence of intramammary infection of a single 
gland in dairy cows on the cow’s milk quality. J Dairy Res. 
2015 Aug;82(3):304-11.

Bokharaeian M, Toghdory A, Ghoorchi T, Ghassemi Ne-
jad J, Esfahani IJ. Quantitative associations between sea-
son, month, and temperature-humidity index with milk 
yield, composition, somatic cell counts, and microbial 
load: A comprehensive study across ten dairy farms over 
an annual cycle. Animals (Basel). 2023 Oct 13;13(20):3205.

Cameron M, Keefe GP, Roy JP, Stryhn H, Dohoo IR, McK-
enna SL. Evaluation of selective dry cow treatment fol-

lowing on-farm culture: Milk yield and somatic cell count 
in the subsequent lactation. J Dairy Sci. 2015 Apr;98(4): 
2427-36.

Correa DC, Nunes GT, Barcelos RAD, Dos Santos JR, Vogel 
FSF, Cargnelutti JF. Economic losses caused by mastitis 
and the influence of climate variation on the occurrence 
of the disease in a dairy cattle farm in southern Brazil. 
Trop Anim Health Prod. 2024 Feb 14;56(2):78.

Das R, Sailo L, Verma N, Bharti P, Saikia J, Imtiwati, Kumar R. 
Impact of heat stress on health and performance of dairy 
animals: A review. Vet World. 2016 Mar;9(3):260-8.

Debnath A, Elangbam S, Pandey A, Madhuri P, Michui D. 
The hidden dangers of winter: A brief review how cold 
stress affects cattle production. Int J Vet Sci Anim Husb. 
2024 Oct 24;9(6):152-6.

Dzidic A, Kaps M, Bruckmaier RM. Machine milking of Istrian 
dairy crossbreed ewes: Udder morphology and milking 
characteristics. Small Rumin Res. 2004 Oct;55(1-3):183-9.

Gasparik M, Stadnik L, Duchacek J, Vrhel M. Milkability 
of Holstein cows is significantly affected by the inci-
dence of clinical mastitis for weeks after diagnosis. J Dairy 
Res. 2022 Feb 14:1-4.

Gauly M, Ammer S. Review: Challenges for dairy cow pro-
duction systems arising from climate changes. Animal. 
2020 Mar;14(S1):s196-203.

Green MJ, Bradley AJ, Medley GF, Browne WJ. Cow, farm, 
and management factors during the dry period that de-
termine the rate of clinical mastitis after calving. J Dairy 
Sci. 2007 Aug;90(8):3764-76.

Hempel S, Menz Ch, Pinto S, Galan E, Janke D, Estelles F, 
Muschner-Siemens T, Wang X, Heinicke J, Zhang G, 
Amon B, del Prado A, Amon T. Heat stress risk in Euro-
pean dairy cattle husbandry under different climate 
change scenarios – Uncertainties and potential impacts. 
Earth Syst Dyn. 2019 Dec 5;10(4):859-84.

Intergovernmental Panel on  Climate Change. Climate 
change 2021: The physical science basis. Contribution 
of Working Group I to the Sixth Assessment Report of the 
Intergovernmental Panel on Climate Change. Masson-
Delmotte V, Zhai P, Pirani A, Connors SL, Pean C, 
Berger  S, Caud N, Chen Y, Goldfarb L, Gomis MI, 
Huang M, Leitzell K, Lonnoy E, Matthews JBR, Maycock 
TK, Waterfield T, Yelekci O, Yu R, Zhou B, editors. Cam-
bridge (United Kingdom) and New York (NY): Cambridge 
University Press; 2021. 2391 p.

Kiesner K, Wente N, Volling O, Kromker V. Selection 
of cows for treatment at dry-off on organic dairy farms. 
J Dairy Res. 2016 Nov;83(4):468-75.

Mylostyvyi R, Chernenko O. Correlations between envi-
ronmental factors and milk production of Holstein cows. 
Data. 2019 Jul 19;4(3):103.



29

Czech Journal of Animal Science, 71, 2026 (1): 21–29	 Original Paper

https://doi.org/10.17221/169/2025-CJAS

Nielsen NI, Larsen T, Bjerring M, Ingvartsen KL. Quarter 
health, milking interval, and sampling time during milk-
ing affect the concentration of milk constituents. J Dairy 
Sci. 2005 Sep;88(9):3186-200.

Niemi RE, Hovinen M, Vilar MJ, Simojoki H, Rajala-Schultz 
PJ. Dry cow therapy and early lactation udder health prob-
lems – Associations and risk factors. Prev Vet Med. 2021 
Mar;188:105268.

Nobrega DB, Langoni H. Breed and season influence 
on milk quality parameters and in mastitis occurrence. 
Pesq Vet Bras. 2011 Dec;31(12):1045-52.

Paudyal S, Melendez P, Manriquez D, Velasquez-Munoz A, 
Pena G, Roman-Muniz IN, Pinedo PJ. Use of milk electri-
cal conductivity for the differentiation of mastitis causing 
pathogens in Holstein cows. Animal. 2020 Mar;14(3): 
588-96. Erratum in: Animal. 2020 Mar;14(3):597.

Piscopo N, Matera R, Cotticelli A, Trapanese L, Tamburis O, 
Cimmino R, Salzano A. Investigation of climate effects 
on the physiological parameters of dairy livestock (cow 
vs. buffalo). Sensors (Basel). 2024 Feb 10;24(4):1164.

Tancin V, Ipema AH, Hogewerf P. Interaction of somatic 
cell count and quarter milk flow patterns. J Dairy Sci. 
2007 May;90(5):2223-8.

Vanhoudt A, van Hees-Huijps K, van Knegsel ATM, Sam-
pimon OC, Vernooij JCM, Nielen M, van Werven T. Ef-
fects of reduced intramammary antimicrobial use during 
the dry period on udder health in Dutch dairy herds. 
J Dairy Sci. 2018 Apr;101(4):3248-60.

Wagemann-Fluxa CA, Kelton DF, DeVries TJ. Associations 
of cow- and herd-level factors during the dry period with 
indicators of udder health in early-lactation cows milked 
by automated milking systems. J Dairy Sci. 2024 Jan;107(1): 
459-75.

Watson C. Dairy cow housing audit. In: Cockcroft P, editor. 
Bovine medicine. Chichester, UK: Wiley Blackwell; 2015. 
p. 338-46.

West JW. Effects of heat-stress on production in dairy 
cattle. J Dairy Sci. 2003 Jun;86(6):2131-44.

Received: December 3, 2025
Accepted: January 13, 2026

Published online: January 27, 2026


