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Introduction

The current global concern over increasing antimicrobial resistance among animal and human pathogens has motivated efforts to reduce antimicrobial drug use in food animals and its impact on antimicrobial resistance. One such strategy is to use selective dry cow therapy (SDCT) in dairy cows, which involves treating only cows with intramammary infection (IMI) at dry-off. However, efficient methods are needed to identify cows with IMI at dry-off to implement SDCT. Automatic Milking Systems (AMS) data may help farmers identify cows with IMI when individual Somatic Cell Count (SCC) is not routinely tested. This study assessed the correlation between cow-level and quarter-level AMS parameters and IMI at dry-off.





Methods & Results

A total of 733 udder quarters (comprising both Primiparous [PRIM] and Multiparous [MULT] cows) were sampled and categorized for IMI based on bacterial growth and SCC. Data were aggregated both daily and into 7-day and 15-day intervals preceding dry-off. The quarter-level prevalence of bacterial growth at dry-off was 24.28% overall. When stratified by parity, logistic regression analysis at 15 days to dry-off revealed that the average difference in mastitis detection index (MDi) in PRIM, MDi, and standard deviation milk flow rate in MULT were associated with increased odds of IMI at dry-off. Similarly, data from 7 days to dry-off revealed that average peak milk flow rate in PRIM, and MDi in MULT were associated with increased odds of IMI at dry-off. However, an increase in average milk yield was associated with decreased odds of IMI.





Discussion & Conclusion

Our findings underscore the significance of MDi, milk flow rate, peak milk flow rate, and milk yield in predicting IMI at dry-off. Notably, stronger associations were observed with data collected 7 days preceding dry-off. Further research is warranted to refine and validate algorithms amalgamating these variables for precise IMI prediction in cows at dry-off.





Keywords: automatic milking systems, intramammary infection, dairy cows, dry-off period, selective dry cow therapy





Introduction

Bovine mastitis is an inflammation of the mammary gland, typically caused by bacterial infection through the teat canal (Bradley, 2002; Pyörälä, 2003). Mastitis is a painful condition that not only affects animal welfare but also causes substantial economic losses to dairies. These losses are primarily due to reduced milk yield, the cost of discarded milk, and other expenses related to diagnosis, treatment, culling, and labor (Cha et al., 2011; Khatun et al., 2017). On average, a single case of mastitis on United States (US) dairies cost between $110 to $440 (Liang et al., 2017; Rollin et al., 2015). The predominant bacterial pathogens causing mastitis are from the Enterobacteriaceae, Staphylococcaceae, or Streptococcaceae families. Mastitis is categorized into two types based on its symptoms: subclinical and clinical mastitis (Forsbäck et al., 2009). Subclinical mastitis is the more common form of the condition, affecting 20 - 50% of cows in a herd. It is characterized by an increase in somatic cell count (SCC) with no obvious clinical signs. Clinical mastitis, on the other hand, is characterized by visible changes in the milk or udder (Gonçalves et al., 2018).

Dry cow therapy (DCT) is an essential aspect of many dairy herds’ mastitis control program. This practice involves the intramammary infusion of long-acting antimicrobials into the teats of dairy cows at the end of lactation. The goal of DCT is to cure existing infections and prevent new ones during the dry period and subsequent lactation. Typically, intramammary antimicrobials are administered to all four udder quarters of every cow at dry-off, also referred to as blanket dry cow therapy (BDCT) (Higgins et al., 2017). In the US, BDCT has been adopted as a management practice by 80% of dairy herds (NAHMS, 2014) and is associated with high IMI cure rates of up to 87.5% in the dry period (Rowe et al., 2020). However, the global concern over increasing antimicrobial resistance in animal and human pathogens has motivated efforts to reduce antimicrobial drug use in food animals and its impact on antimicrobial resistance (Garcia et al., 2019). One such strategy is selective dry cow therapy (SDCT) which involves treating only cows with IMI at dry-off. However, efficient methods are needed to identify cows with IMI at dry-off for the implementation of SDCT (Cameron et al., 2015; McParland et al., 2019). Detection methods for IMI at dry-off include bacterial culture (Bradley et al., 2015; Patel et al., 2017), increase in somatic cell count (SCC) (Lipkens et al., 2019), California Mastitis Test (CMT; (Godden et al., 2017), and culture free algorithms that use individual cow and farm data, among others.

Culture-free algorithms require data at both cow and herd-level, such as records from Automatic Milking Systems (AMS). AMS involves the use of robots to milk cows multiple times a day without human interference (Kamphuis et al., 2008). This technology is gaining popularity in the dairy industry of many countries (De Koning, 2010) due to its ability to reduce labor costs, increase the number of times a cow is milked over a lactation period and improve animal welfare (Hovinen and Pyörälä, 2011). The AMS collects data on milk properties such as electrical conductivity, presence of red blood cells in the milk, as well as milk flow and cow behavior including time between milkings, feed consumption. This data is crucial for guiding both cow and milking management practices. Delaval® AMS uses information on electrical conductivity, blood, and milk interval, to generate the Mastitis Detection Index (MDi), which predicts IMI at the cow level (Khatun et al., 2018). Dairy operators may rely on the MDi alerts to identify IMI suspect cows since cows are not individually checked during milking (Bonestroo et al., 2022; Khatun et al., 2018).

Several studies have reported on using AMS alerts to detect IMI during lactation (Bonestroo et al., 2022; Inzaghi et al., 2021; Jensen et al., 2016). However, we did not find any research investigating the use of AMS data to detect cows with IMI at dry-off. In this cross-sectional study, we aimed to examine the relationship between cow-level and quarter-level data at the end of lactation and the presence of IMI at dry-off. We hypothesized that AMS data may help identify cows at risk of IMI at dry-off, thus guiding the implementation of SDCT on the herds. This information would help dairy operations that use AMS to implement SDCT and improve the health of their cows.





Materials and methods




Study population

The study enrolled two commercial dairy herds (A and B) that use Automated Milking Systems (AMS) with the voluntary consent of their owners. Both herds were located in the San Joaquin Valley of California and raised Holstein-Friesian cows in free-stall barns. Farm A had 984 lactating cows, out of which 818 were milked using 14 AMS. Farm B had 5,342 lactating cows, and 787 of them were milked using 13 AMS. All the cows enrolled on both farm A were milked using AMS throughout the lactation. On both farms, a maximum of 62 cows were assigned to a single automatic milking machine. The average daily milking frequency was 2.0 milking/cow/day on Farm A and 2.2 milking/cow/day on Farm B.

Cows on both farms were given commercial pelleted concentrate feed during milking, with the amount determined by the cow’s lactation stage. To keep the cows cool, the AMS pens were equipped with heat abatement systems such as fans and soakers placed over the beds and feed bunks. Both farms used a combination of dry manure and almond shells as bedding, but the ratio of dry manure to almond shells was 1:1 for Farm A and 3:1 for Farm B.

The cows were separated into primiparous (PRIM) and multiparous (MULT) pens by parity. Both farms utilized the AMS alerts to identify cows with intramammary infections (IMI) during lactation. On Farm A, mastitis was identified using a criterion of a 3-day average MDi of above 1.8, coupled with milk diversion and electrical conductivity (EC) above 125 mS/cm. On the other hand, Farm B identified cows with intramammary infections (IMI) by noting an increase in EC above 0.5 mS/cm following an AMS alert and a decrease in milk yield per quarter. The two farms both conducted on-farm cultures, where Farm A treated only quarters with Gram-positive bacteria, while Farm B treated all quarters, both Gram-positive and Gram-negative bacteria.





Enrollment

All the cows in the AMS pens that were eligible for enrollment had four functional quarters, regardless of their parity. Any cows that exhibited obvious clinical illnesses at dry-off were excluded from the study. The enrolled cows were dried off between August 23 and December 27, 2021. The study included a total of 218 cows, with 105 in the PRIM group and 113 in the MULT group. A total of 733 quarter milk samples were collected, with 389 samples from primiparous cows and 344 from multiparous cows. A maximum of 4 and minimum of 3 quarter milk samples were collected per cow, averaging 3.36 quarters samples per cow.





Sample collection

Trained study personnel collected aseptic quarter milk samples following the guidelines of the National Mastitis Council (NMC, 2017). Whenever necessary, farm personnel assisted with sampling. The personnel wore disposable gloves throughout the process, which were changed between cows. First, the teats were wiped with a clean hand towel to remove gross contamination, and then dipped in a Povidone Iodine solution. A contact time of at least 30 seconds was allowed before wiping the teat ends with gauze soaked in 70% ethanol. The initial 1-3 squirts of milk from each teat were stripped onto the ground. Then, each quarter milk sample was collected in a sterile 2-ounce plastic vial held at a 45° angle. Sampling of quarters was done in chronological order, starting from Right Rear, Left Rear, Right Front, and Left Front. During the sampling process, the udder hygiene scores (UHS) were recorded using a 3-point scale. UHS-1 was given for a clean udder, free or nearly free of dirt, manure, or stains. UHS-2 was given for a slightly dirty udder with flecks of dirt, manure, or stains, while UHS-3 was given for an udder largely covered with dirt and manure. All the collected samples were transported in cold boxes with ice packs to Sequoia Veterinary Services milk quality laboratory (Tulare CA) within 4 hours of sampling for SCC, culture, and organism speciation by MALDI-TOF. Data from both dairies and enrolled cows were de-identified and stored in Microsoft Excel® 2019. Herd management data was obtained from Dairycomp305 and DeLaval DelPro software 5.6 (DeLaval International AB).





Bacterial culture and species identification

Bacteriological culture and bacterial organism speciation were conducted in accordance with the guidelines set by the National Mastitis Council (NMC, 2017). The milk vials were inverted several times to ensure proper mixing. Each sample was streaked onto the entire bovine blood agar plate using a sterile cotton-tipped applicator. The cultured plates were kept in an incubator at 37°C, and a visual examination of the colony growth (morphology, and hemolysis) was done after 24 and 48 hours. The Matrix-Assisted Laser Desorption/Ionization Time of Flight (MALDI/MALDI-TOF) extended direct transfer method was used for bacterial species identification of each colony type. If the species were too similar for speciation MALDI/MALDI-TOF, biochemical analysis (catalase reaction and gram stain) was performed.





Somatic cell count

Somatic cell counts were determined using a Fossomatic™ FC analyzer (FOSS North America, Eden Prairie, MN) on the day of sample collection. The fossomatic method is based on somatic cell DNA recognition. Each milk sample was mixed with a staining solution and the resultant mixture was placed in a flow cell where stained somatic cells were exposed to light of a specific wavelength. The cells then emit fluorescent light pulses of a different wavelength that are counted and displayed (Schwarz et al., 2020).





Definition of intramammary infection

Quarter-level intramammary infection (IMI) at dry-off was determined based on culture-positive results and an SCC ≥ 100,000 cells/ml for primiparous cows and or SCC ≥ 200,000 cells/ml for multiparous cows (Godden et al., 2016). A positive culture result was defined as ≥1 colony for all pathogens except for coagulase-negative Staphylococcus (CNS) (positive if ≥ 2 colonies) (Dohoo et al., 2011) and Bacillus species (positive if ≥ 5 colonies) (Arruda et al., 2013). This adjustment was performed to increase specificity thus reducing the occurrence of biased measures of association (Haine et al., 2018).





Data collection and management

Over the course of 15 days prior to dry-off, we collected daily reports generated by DeLaval® AMS systems. These reports contained quarter-level information on each cow for every milking. Additionally, we downloaded and stored weekly backups from DairyComp 305 during the study period. The backups contained cow-level data. Altogether, our final dataset consisted of 936,754 data points from a total of 218 cows, including 105 primiparous (PRIM) cows and 113 multiparous (MULT) cows.

A description of the variables and how they were aggregated is summarized in Table 1. The cow-level variables included parity (PRIM and MULT), number of mastitis cases in
current lactation (NMAST), last total milk yield before dry-off (LAST_MY_TOTAL, pounds), days in
milk at dry-off date (DIM_DO), mastitis detection index (MDi), and the udder hygiene score (UHS).
Quarter-level variables were bacterial culture (BACT_CULT), somatic cell count (SCC, cells/mL),
electrical conductivity (EC, mS/cm), milk yield (QT_MY, pounds), milk flow rate (MILK_FLOW,
lbs/min), peak milk flow rate (PEAK_MILK_FLOW, lbs/min), milking duration (MILK_DUR, min), and
presence of blood in milk (BLOOD, a numerical variable, ppm). When needed, these variables were
aggregated by day (when more than one milking was recorded for the same cow), as described in Table 1. A daily sum was calculated for the variables quarter milk yield and blood (DAILY_QT_MY and DAILY_BLOOD, respectively). The averages within a day were calculated for the variables EC, MILK_FLOW, PEAK_MILK_FLOW, and MILK_DUR. Additionally, the standard deviation was calculated for the same variables above for the days with more than one milking per cow. Besides daily minimum (MIN_MDi), maximum (MAX_MDi), and the difference between minimum and maximum (DIF_MDi) were calculated for the MDi variable.

Finally, cow-level and quarter-level continuous variables were categorized according to the DeLaval® AMS. An AMS alert was triggered if MDi > 1.4, and no alert was triggered if MDi < 1.3. The DAILY_BLOOD was categorized as negative if no blood was detected or positive blood if DAILY_BLOOD > 0. Somatic cell count was categorized into three groups: Group 1 (SCC ≤ 100,000 cells/mL), Group 2 (100,000 - 200,000 cells/mL), and Group 3 (SCC > 200,000 cells/mL). The number of mastitis cases in current lactation (NMAST) was categorized as 0 if NMAST = 0, 1 if NMAST = 1, and 2 if NMAST ≥ 2.





Datasets for the association between cow-level and quarter-level data and intramammary infection at dry-off

Two datasets (datasets 1 and 2) were generated based on data aggregation as described in the previous section and the time point before dry-off (Figure 1). Dataset 1 contained daily aggregated milking information for each enrolled cow for the last 15 days before dry-off. Dataset 1 included the daily averages and daily standard deviations of the following variables: EC, MILK_FLOW, PEAK_MILK_FLOW, MILK_DUR, DAILY_QT_MY, DAILY_BLOOD, MIN_MDi, MAX_MDi, and DIF_MDi. Additionally, the maximum number of days blood was in milk (MAX_BLOOD_15) and the total number of days blood was in milk (NDAYS_BLOOD_15) during the 15 days was calculated. Furthermore, the total number of days a quarter received an MDi alert (N_MDi_ALERT_15) during the 15 days were calculated. In dataset 2, the variables in dataset 1 were considered but for only the last 7 days before dry-off. However, because daily standard deviations could not be calculated, only information on the daily variation for this period (average and standard deviations of the daily standard deviations) was calculated.




Figure 1 | Data management and summarization. The data were first summarized within a day. Later the data for the 15 days and 7 days before dry-off were independently summarized. AVG, Average; STD, Standard deviation; DIF, the difference between minimum and maximum.







Statistical analysis

All analyses were stratified by parity due to known differences in risks for mastitis in primiparous and multiparous cows (Compton et al., 2007). Descriptive analysis of the cow-level and quarter-level variables was performed in both datasets 1 and 2 (stratified by parity, PROC FREQ, and MEANS, SAS 9.4). Following the descriptive analysis of the data, the dependent variable IMI was determined as previously defined (culture-positive results and an SCC ≥ 100,000 cells/ml for primiparous cows and or SCC ≥ 200,000 cells/ml for multiparous cows). Mixed univariate analyses were performed for all the cow-level and quarter-level variables using PROC GLIMMIX on SAS 9.4. Explanatory variables with P < 0.20 were included in the multivariate analyses (Bursac et al., 2008). The farm was included in all models due to known differences in management practices and the associated effect on the prevalence of mastitis. The farm was considered a fixed effect. The udder quarter was considered the experimental unit. The random effects were the cow and quarter within cows. Eligible predictors from the univariable models were offered to a multivariable mixed model. The forward stepwise selection method and the Akaike Information Criteria (AIC) were used for model selection with the method Laplace. If exclusion of a variable from the model resulted in >15% change in the estimate of association with IMI, the variable was considered as a confounder and retained in the model. The final model was run using PROC GLIMMIX (SAS 9.4) with the default Quasi-Newton method and final significance was declared at P <0.05.






Results




Description of cow-level and quarter-level variables

A total of 105 primiparous and 113 multiparous cows were enrolled at dry-off. Table 1 shows the distribution of cow-level and quarter-level variables during the last 15 days before dry-off for primiparous (PRIM) and multiparous (MULT) cows, respectively.


Table 1 | Distribution of cow level and quarter level variables of primiparous (n = 105 cows) and multiparous (n = 113 cows) for the 15 days before dry-off.



The median udder hygiene scores of the PRIM and MULT cows at dry-off were 1 and 2, respectively. The mean number of DIM at dry-off was 307 ± 28 days and 312 ± 27 days for PRIM and MULT cows, respectively. The median SCC at the quarter level for PRIM and MULT cows were 41,000 cells/ml (15,000 - 135,000) and 93,000 cells/mL (33,000 - 317,000) respectively (Table 1).

The mean EC, MILK_FLOW, PEAK_MILK_FLOW for the PRIM cows for the last 15 days was 4.17 ± 0.75 mS/cm, 3.05 ± 0.83 lbs/min, 4.21 ± 1.07 lbs/min, respectively. For the MULT cows, mean EC, MILK_FLOW, and PEAK_MILK_FLOW was 4.28 ± 0.88 mS/cm, 3.23 ± 0.92 lbs./min, and 4.48 ± 1.18 lbs/min, respectively. The mean QT_MY was 17.76 ± 5.62 lbs for PRIM and 17.1 ± 6.78 lbs for MULT.





Milk flow parameters

Figures 2–5 show the pattern of daily quarter-level average milk flow rate (AVG_MILK_FLOW), average peak milk flow rate (AVG_PEAK_MILK_FLOW), the sum of milk yield per quarter (DAILY_QT_MY), and the difference between the daily maximum and MDi (DIF_MDi), respectively. Whereas the data were collected 15 days to dry-off, the majority of cow level and quarter level parameters were not statistically significant at 15 days to dry-off (Table 2), thus subsequent downstream analysis only focused on the last 7 days to dry-off. The AVG_MILK_FLOW for PRIM during the last 7-days before dry-off was 3.29 lbs/min in healthy quarters and 2.81 lbs/min in quarters with intramammary infection, while in MULT cows, the respective values were 3.17 and 3.06 lbs/min. The AVG_PEAK_MILK_FLOW during the last 7-days before dry-off for the healthy quarters and quarters with IMI infected were 4.42 and 3.97 lbs/min in PRIM and 4.41 and 3.56 lbs/min in MULT, respectively. For the 7 days prior to drying off, the average DAILY_QT_MY for healthy quarters and those with IMI for PRIM were 15.99 and 14.32 lbs, respectively, while for MULT these values were 17.12 and 10.06 lbs. Lastly, the average DIF_MDi during 7 days before dry-off for healthy and quarters with intramammary infection were 0.06 and 0.03 for PRIM and 0.11 and 0.13 for MULT.




Figure 2 | Variation of daily average milk flow rate in healthy quarters and those with intramammary infection during the 15 days before dry-off.






Figure 3 | Variation of daily average peak milk flow rate in healthy quarters and those with intramammary infection during the 15 days before dry-off.






Figure 4 | Variation of daily average milk yield per quarter in healthy quarters and those with intramammary infection during the 15 days before dry-off.






Figure 5 | Variation of daily difference in mastitis detection index in healthy quarters and those with intramammary infection during the 15 days before dry-off.




Table 2 | Association between cow-level and quarter-level variables and intramammary in primiparous cows at dry-off.







Milk culture and microbial identification

The proportion of quarters with bacterial growth at dry-off was generally similar in both PRIM (24.42%) and MULT cows (24.13%) (Table 3). Overall, the most predominant organisms recovered from the quarter milk samples at dry-off were coagulase-negative staphylococci (CNS) for both primiparous (47.41%) and multiparous (35.35%), followed by Corynebacterium spp. at 13.79% in primiparous and 19.19% in multiparous. Brachybacterium spp., Aerococcus spp., and Enterococcus spp. were the least common microorganisms (0.86%), among the primiparous, while Enterococcus spp (1.01%), Brevibacterium spp (1.01%) and other Gram-negative bacteria (1.01%) were the least common among the multiparous cows. Cows that had bacterial growth in at least one quarter sample at dry-off were 71.4% and 46% for primiparous and multiparous, respectively. There was no bacterial growth in 211 (54.2%) and 172 (50%) quarter milk samples from all primiparous and multiparous cows, respectively.


Table 3 | Quarter-level prevalence of mastitis pathogens at dry-off based on parity.



The proportion of PRIM and MULT quarters with high SCC (PRIM: >100,000 cells/ml and MULT: >200,000 cells/ml) were 72.3% and 61%, respectively. Cows with at least one quarter with high SCC were 72% and 96.6% for PRIM and MULT, respectively. The proportion of quarters with an IMI (based on high SCC and positive culture results) at dry-off was 24% for the MULT and 23% for the PRIM. The proportion of cows with an intramammary infection in at least one quarter at dry-off was 44.8% and 70.8% for PRIM and MULT, respectively.





Association between cow-level and quarter-level variables and IMI at dry-off

Variables from two datasets (datasets 1 and 2) were investigated for association with IMI. A total of 10 variables of dataset 1 demonstrated association with intramammary infection at dry-off for PRIM cows (P < 0.20) (Table 2). On the other hand, only 4 variables in multiparous cows showed an association with IMI (P < 0.20) and were included in the multivariable model (Table 4). In dataset 2, up to 8 PRIM variables were associated with IMI at dry-off (P < 0.20) (Table 4), while 5 MULT variables were associated with IMI at dry-off (Table 5).


Table 4 | Variables associated with intramammary infection at dry-off by univariable generalized linear mixed models of multiparous quarters (n = 389) for the 15 days before dry-off.




Table 5 | Final multivariable logistic regression model describing the association of AMS variables and intramammary infection of primiparous quarters (n = 389) for the 15-days before dry-off.



Table 5 shows the results of the multivariable analysis for primiparous cows. Only the difference in mastitis detection index (DIF_MDi_15) was significantly associated with IMI in PRIM for dataset 1. The PRIM quarters with a greater difference in DIF_MDi_ranging from mean 0.07 to 1.07 had 370.25 greater odds of IMI at dry-off (CI:1.39->999.999). The statistical analysis found no significant association between IMI at dry-off and the standard deviation of the daily average peak milk flow rate during the 15 days (STD_PEAK_MILK_FLOW_15). Similarly, there was no significant association between IMI at dry-off and PRIM quarters with a one-unit increase in standard deviation during the 15 days of daily average peak milk flow rate (STD_PEAK_MILK_FLOW_15) (OR: 4.42, CI: 0.99-19.70). (Table 6). In multiparous cows, the variables mastitis detection index (MDi_CAT), average daily milk yield per quarter (AVG_DAILY_QT_MY_15), and the average daily standard deviation of milk flow rate during the 15-day period (AVG_STD_MILK_FLOW_15) were found to have a significant association with intramammary infection (IMI) at dry-off (P <0.05). The MULT quarters with MDi values >1.4 had 6.21 (CI: 1.63-23.65) greater odds of IMI at dry-off than quarters with MDi values <1.3. The MULT quarters with a one-unit increase in the AVG_STD_MILK_FLOW_15 from 0.31 to 1.31 lbs/min had 5.53 (CI: 1.08-28.47) greater odds of IMI at dry-off. A one-unit increase in average milk yield per quarter (AVG_DAILY_QT_MY_15) from 17.2 to 18.2 lbs was not significantly associated with IMI at dry-off (OR:0.95, CI: 0.88-1.02).


Table 6 | Final multivariable logistic regression model describing the association of AMS variables and intramammary infection of multiparous quarters (n = 344) for the 15-days before dry-off.



In dataset 2, the multivariate regression analysis for PRIM revealed that the mastitis detection index categorical variable (MDi_CAT), and average peak milk flow rate (AVG_PEAK_MILK_FLOW_7) were associated with IMI. A quarter with a mastitis detection index of >1.4 was not significantly associated with IMI at dry-off (OR: 0.09, CI: 0.01-1.12). Compared to quarters with an average peak milk flow rate (AVG_PEAK_MILK_FLOW_7) during the period of (4.25 lbs/min), PRIM quarters with a one-unit increase in average peak milk flow had 1.42 (CI: 1.01-2.03) greater odds of IMI at dry-off (Table 5). MULT quarters showed a significant association between IMI and MDi_CAT, AVG_DAILY_QT_MY_7, and farm (Table 6). A one-unit increase in average milk yield during the 7 days (AVG_DAILY_QT_MY_7) from 16.14 to 17.14 lbs was associated with a 9.4% decrease in the odds (CI: 0.88-1.00) of IMI at dry-off. The MULT quarters with mastitis detection index (MDi_CAT) ≥1.4 had 3.95 (CI: 1.12-13.86) greater odds of IMI at dry-off as compared to quarters with MDi values <1.3.






Discussion

The aim of the study was to identify cow-level and quarter-level variables associated with intramammary infection at dry-off in cows milked using automatic milking systems. In dairy operations that utilize AMS, individual cow milk is not routinely tested for somatic cell count (SCC). However, this information is essential in guiding the selection of cows for treatment when implementing selective dry cow therapy (SDCT) on a farm. Hence, the results of this study could serve as an alternative source of information to help such operations implement an effective SDCT program. SDCT is considered a judicious approach to using antimicrobial drugs treatment and control intramammary infection in dairy cows. In the SDCT method, cows with IMI or at high risk for IMI during the dry period and early during the next lactation are selected to receive intramammary antimicrobial infusion and sealant, while normal and low-risk cows receive only teat sealants at dry-off (NMC, 2017; Schwarz et al., 2020). Dairy herds using AMS rely on the alerts generated from the AMS algorithms to identify cows with mastitis during the lactation period. Such cows are segregated for further examination and treatment if warranted. The AMS algorithm utilizes milk properties such as electrical conductivity, milk yield milk flow, peak milk flow, and mastitis detection index among others (Haine et al., 2018; Hogeveen et al., 2021; Khatun et al., 2018). Although the AMS has enabled farmers to manage mastitis and udder health, the wide range of sensitivity (45-83%) and specificity (91-99%) of AMS algorithms remains challenging (Dohoo et al., 2011; Godden et al., 2016) and, thus subject to possible misclassification of a cow with or without IMI. More so, the AMS algorithm is not optimized for the detection of subclinical mastitis, the major indication for dry cow therapy. The big data generated by the AMS system may help us improve the current algorithms for the detection of subclinical infection and make more precise management decisions at dry-off (Lokhorst et al., 2019). Such algorithm for detection of subclinical IMI can be developed by incorporating all the validated AMS parameters that are associated with IMI such as electrical conductivity, milk yield milk flow, peak milk flow, and mastitis detection index among others (Haine et al., 2018; Khatun et al., 2018).

The present study focused on two farms with AMS systems. The median Udder Hygiene Score (UHS) for primiparous and multiparous cows on both farms was 1, indicating that enrolled cows had clean udders that were free or nearly free of dirt, manure, or stains. The most predominant organisms in both the primiparous and multiparous quarters were Coagulase-negative staphylococci (CNS) followed by Corynebacterium species. Bradley et al., 2015, reported similar organisms on 12 herds from 6 European countries, with CNS (19.49%) and Corynebacterium species (37.83%) dominating. On the contrary, lower proportions of Corynebacterium spp. (6.7%) and CNS (13.1%) were reported in on Brazilian cow herds (Gonçalves et al., 2020). The low number of Staphylococcus aureus isolates in our study could be due to the adoption of good mastitis control program on these farms (Buggiotti et al., 2021; Grindal et al., 1991). In addition, non-aureus Staphylococcus and Corynebacterium spp have been reported as minor organisms and lack the ability to cause severe IMI cases (Taponen and Pyörälä, 2009). Blagitz et al. (2013) also suggested that they have a protective nature against major pathogens like Staphylococcus aureus. In our study, intramammary infection (IMI) was determined based on a quarter sample having both a culture-positive result and somatic cell count higher than the set threshold of 100,000 cells/ml for primiparous and 200,000 cells for multiparous cows. This definition of IMI enabled us to appropriately allocate healthy and IMI quarter samples thus reducing the likelihood of classifying quarters as false negatives (Malek dos Reis et al., 2011).

Furthermore, our results showed that four AMS parameters (mastitis detection index, quarter milk yield, quarter milk flow rate, peak milk flow rate) were associated with the presence of IMI at dry-off. Quarter milk flow rate is one of the most important parameters in predicting IMI, as a decrease in milk yield has been attributed to the onset of pathological changes in the mammary gland which reduces the milk production and milk yield concurrently (Gonçalves et al., 2020). This is attributed to the fact that inflammation of the mammary gland due to IMI induces cortisone production, which in turn inhibits milk letdown (Penry et al., 2017). Cows approaching the end of a lactation cycle also have reduced milk production, milk yield, milk flow rate, peak milk flow rate, and average milk duration. Reduced milk production at the end of the lactation cycle is more pronounced in the multiparous compared to the primiparous cows, possibly due to physiological nutrient channeling toward both milk production and growth in primiparous cows, while multiparous utilizes nutrients majorly for production (Wathes et al., 2007). Also, Buggiotti et al. (2021) argued that leucocytes of multiparous have stronger immune responses than primiparous.

With regards to milk flow rate, our results showed that an increased quarter peak milk flow rate was associated with greater odds of IMI. Similarly, previous studies also suggested that a high average peak milk flow rate (>4.4 lbs/min) occurring 7-14 days before dry-off due to weakening of the teat canal muscles, is associated with higher odds for IMI since the refractoriness in teat canal refolding post milking favors the invasion of the quarter by mastitis-causing pathogens (Inzaghi et al., 2021; Steeneveld et al., 2010). Furthermore, Grindal et al. (1991) suggested that cows with greater peak milk flow rates are more susceptible to infection. Our study shows different information for average and peak milk flow rate, but studies have revealed that they are strongly correlated (Zucali et al., 2021). On the contrary, a low quarter-level average peak milk flow rate (2.2 lbs/min) was reported to be associated with higher odds of IMI 7-14 days before mastitis occurrence (Hammer et al., 2012). Our statistical analysis revealed that IMI was associated with both low and high peak milk flow rate during 0-7 days before dry-off and a similar association was also reported by (Zucali et al., 2021).

Our results also revealed that increased milk yield was associated with lower odds of IMI. This finding was similar to earlier findings from a study in Canada (Pinedo et al., 2012) which revealed that lower milk yield before dry-off in dairy cattle may be attributed to poor udder health already in that lactation, especially in dairy cattle with higher risk of developing new IMI after calving. Wagemann-Fluxá et al. (2024) hypothesized that farmers manage AMS herds with higher quantities of milk at dry-off better to achieve higher production levels. As a result, improved udder health decreases the odds of IMI at dry-off. Furthermore, a higher concentration of lactoferrin, a multifunctional glycoprotein with antibacterial properties has been reported in cattle producing lower milk yields at dry-off (Vilar and Rajala-Schultz, 2020). On the contrary, a previous study in Belgium showed a higher milk yield in CNS-infected udder quarters as compared to healthy quarters (Piepers et al., 2013). The authors hypothesized that this could be attributed to a protective effect of current CNS infections against a future occurrence of infection caused by major mastitis pathogens (Piepers et al., 2013).

Contrary to previous reports (Bonestroo et al., 2022; Hammer et al., 2012; Khatun et al., 2017), the present study revealed that electrical conductivity was not associated with IMI. This could be attributable to the fact that electrical conductivity varies depending on the prior treatment and cure process of the cows which alters the physical properties of milk (Norberg et al., 2004). Given that the studied cows were subjected to BDCT in the previous lactation, it was possible that the electrical conductivity couldn’t significantly increase to an IMI predictive magnitude. A previous study revealed that alveoli milk had a lower electrical conductivity than teat milk therefore fore stripping the teats before actual milking could have led to the recording of lower electrical conductivity values by the sensors (Khatun et al., 2019). The use of electrical conductivity along with different AMS algorithms has been reported in previous studies with varying sensitivity (99%) and specificity (60%); sensitivity of 90% and specificity of 90% were reported in a recent study (Khatun et al., 2018).

For this study, we collaborated with DeLaval® AMS manufacturer to provide data access. Farmers using DeLaval® AMS routinely use the mastitis detection index (MDi) to check for mastitis. MDi is a composite variable that incorporates electrical conductivity, blood in the milk, and milk interval. The mastitis detection index threshold 1.4 is used by farmers to flag a cow as having IMI, and it has been proven to predict IMI accurately. The present study revealed that an increase in the mastitis detection index above the 1.4 threshold used by farmers for the selection of cows suspected of IMI was associated with higher odds of IMI (OR:6.21, CI: 1.63-23.65). It has been suggested that the performance of the mastitis detection index might be attributed to the influence of milk fat, breed, and color due to blood or color in milk (Rasmussen and Bjerring, 2005). Based on the results revealed in our study, it might be misleading for farmers to rely solely on mastitis detection index alerts as a criterion to select cows suspected of having IMI at dry-off. Further studies evaluating the sensitivity, specificity, and other performance parameters of MDi for cows at dry-off are needed.

We would like to mention some of the limitations of this study. Firstly, we only used one brand of AMS which might have yielded different results if we had used different brands. Secondly, the samples were collected only during the summer and early fall of one year. Previous studies have shown that the increase in temperature during this season can adversely reduce the population of bacteria in the environment, which could have affected our study’s findings (Amimoto et al., 2021; Hillerton et al., 1987). Furthermore, only two dairy farms were enrolled in our study. However, the present study revealed that farm B was significantly associated with lower odds of IMI at dry-off than farm A (OR = 0.40, CI: 0.19-0.88). It has been suggested that this could be due to the significant increase in bacteriological cure due to the treatment of Gram-negative bacteria (Schukken et al., 2011). We, however, used MALDI-TOF techniques to classify our microbial population. Given its high level of classification accuracy, the MALDI-TOF technique has been utilized in large and small-scale studies (Barreiro et al., 2010). This, therefore, prevents the misclassification of closely related organisms like the Aerococcus species and Lactococcus species as Streptococcus species (Murray, 2010).





Conclusion

Our results show that the most predominant organisms were Coagulase-negative staphylococci (CNS) followed by Corynebacterium species irrespective of parity. The isolation of Staphylococcus aureus was however low in our study. Our results indicate that mastitis detection index, milk flow rate, and peak milk flow rate were associated with higher odds of IMI at dry-off. An increase in milk yield per quarter was associated with lower odds of IMI at dry-off. In the primiparous, mastitis detection index was not associated with intramammary infection 7 days before dry-off. Stronger associations were observed with data collected 7 days before dry-off. Further studies are warranted to develop and validate algorithms integrating these variables to predict intramammary infections in cows at dry-off.
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7 days before dry-off 15 days before dry-off

95% CL 95% C
Odds Ratio Odds Ratio
Upper Lower Upper

Intercept 001 <0.01
Average milk yield 0.94 0.88 1.00 0.05 0.95 0.88 1.02 0.12
Aversge STD milk NC 553 1.08 28.47 0.04
flow rate
Mastitis detection index

1 Reference

0 395 112 13.86 0.03 621 1.63 23.65 <0.01
Farm A Reference
Farm B 0.40 0.19 0.88 002 061 1.00 1234 0.05

CL, 95% confidence limits.
NC, Not Calculated.
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OEBPS/Images/table2.jpg
7 days before dry-off 15 days before dry-off

Variable 95% CL 95% CL

Lower Upper Lower Upper
Average milk flow rate 155 1.02 234 0.04 1.57 1.02 242 0.04
Average STD milk flow rate NC 7.96 1.09 57.88 0.04
STD milk duration 1.00 ‘ 1.00 1.00 0.13 1.00 1.00 1.00 0.70
STD milk electrical conductivity 116.51 0.20 >999.99 0.13 1.50 059 3.82 039
The difference in mastitis 0.06 <0.01 50.50 0.42 452.46 5.62 >999.99 <0.01

detection index

Average peak milk flow rate 142 103 1.95 0.03 1.49 1.06 2.09 0.02

Average STD peak milk flow rate 6.42 152 27.06 0.01
STD milk flow rate 318.04 0.12 >999.99 0.14 8.07 172 37.81 <0.01
STD maximum mastitis >999.99 <0.01 >999.99 0.46 5.98 0.88 40.56 0.07

detection index

STD difference mastitis >999.99 <0.01 >999.99 0.88 50.83 253 >999.99 0.01
detection index

STD peak milk flow rate 32.03 0.33 >999.99 0.13 5.79 170 19.74 0.01
Number of days with MDi alert 2.65 | 0.62 11.33 0.19 0.44 0.99 161 0.06
Mastitis detection index

1 Reference

0 0.12 0.01 0.99 0.05 | 0.07 <0.01 1.09 0.06

The univariable generalized linear mixed model analysis was on datasets of primiparous quarters (n = 389) collected at 15-days before dry-off.
CL= 95% confidence limits.

NC = Not Calculated.

Mastitis detection index 0= MDi<1.3;

MDi > 14.





OEBPS/Images/table4.jpg
7 days before dry-off 15 days before dry-off

95% CL 95% CL

Variable Lower Upper Lower Upper
Average milk yield ‘ 0.94 0.88 0.99 0.03 0.94 0.88 1.01 0.09
Average STD milk flow rate NC 3.05 0.67 13.88 0.15
Mastitis detection index

1 Reference Reference

0 3.53 ; 1 12.34 0.05 0.12 0.01 0.99 0.05
Udder hygiene score |

1 Reference Reference

2 222 0.96 5.12 0.15 212 0.96 4.66 0.15

3 112 0.34 37 L11 0.35 3.47
STD maximum mastitis >999.99 0.03 >999.99 0.10 170 0.09 31.37 0.72

detection index

STD milk yield 0.31 0.07 144 0.13 0.86 0.67 1.09 0.21

CL, 95% confidence limits.
NC, Not Calculated.
Mastitis detection index 0= MDi<1.3; 1 = MDi > 1.4.

Udder hygiene score 1 = A clean udder free or nearly free of dirt or manure, or stains; 2 = slightly dirty, flecks of dirt, manure, or stains; 3 = much of the udder was covered with dirt and manure.
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Daily data - Daily data
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5 days before dry-off days before dry-off (day -7)
(day -15) Dry-off (Day 0)

Summarized within a day (AVG, STD, MIN, MAX, DIF)
For the last 7 days before dry-off, no STD available

Summarized the daily values from day -15 to day 0 (AVG, STD, MIN, MAX, DIF)

Summarized the daily values from day -7 to day O
(AVG, MIN, MAX, DIF)
No STD: cows were allowed only one milking/day





OEBPS/Images/table3.jpg
Pathogen Primiparous (n = 389) Multiparous (n = 344)
%
Acinetobacter spp. 13 11.21 6 6.06
Aerococcus spp. 1 0.86 2 2.02
Bacillus spp. 8 6.90 7 7.07
Brachybacterium spp. 1 0.86 2 2,02
Brevibacterium spp. 2 172 1 101
CNs* 55 47.41 35 3535
Corynebacterium spp. 16 13.79 19 19.19
Enterococcus spp. 1 0.86 1 1.01
Escherichia coli 0 0.00 2 2.02
Other gram-positives 15 12.93 14 14.14
Other gram-negatives 1 086 1 101
Staphylococcus aureus | 2 172 3 3.03
Streptococcus uberis 1 0.86 6 6.06
Samples with
growth (Isolates") 95 (116) 2442 83 (99) 24.13
No growth? 211 5424 172 50.00
Contaminated 83 21.34 89 25.87

'More isolates than samples are reported, due to mixed infections (2 isolates per sample).
2Isolates that yielded a growth but were not speciated were considered no growth.

*Coagulase-negative staphylococci.
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Difference in mastitis detection index

MULTIPAROUS QUARTERS (7 = 344) PRIMIPAROUS QUARTERS (7 =389)

“Biibikbitu . bobbbbbbdd-ie.

0.75

m&hé#«'.ll - ibbbbiin_ala

-15-14-13-12-11-10-9 -8 -7 6 5 -4 -3 -2 -1 -15-14-13-12-11-10-9 -8 -7 -6 -5 -4 -3 -2 -1
Days

o
thn
o

uoljoajul AewieLl .Ul

0.25

0.00





OEBPS/Images/table1.jpg
Primiparous Multiparous

Variable (unit measure)

Mean STD Min STD Min
Electrical conductivity (mS/cm) 4.17 0.75 0 7.74 4.28 0.88 0 6.69
Milk flow rate (Ibs./min) 3.05 0.83 0 6.48 323 0.92 0 6.29
Milk yield per quarter (Ibs.) 17.76 5.62 0 40.26 171 6.78 0 79.4
Blood in milk (ppm) 0.005 0.07 0 1.00 0.004 0 1 0.06
Peak milk flow rate (Ibs./min) 421 1.07 0 9.46 448 L18 0 9.06
Days in milk (Days) 307 28 262 419 312 27 273 429
Median  25th pct'  75th pct* Median  25th pct'  75th pct*
Somatic cell count (Cells/ml) 41,000 15,000 135,000 93,000 33,000 317,000
Udder hygiene score 1 1 2 1 1 2

STD, standard deviation.
'pet, percentile.
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7 days before dry-off
95% CL

Lower Upper

15 days before dry-off

Intercept
Average peak milk flow rate 142
STD average peak milk flow rate

The difference in mastitis
detection index

Mastitis detection index
1

0 0.09
Farm A Reference
Farm B 0.51

CL= 95% confidence limits.
NC = Not Calculated.
Mastitis detection index 0= MDi<1.3;

MDi = 14.

1.01 2.03
NC
NC
Reference
0.01 L12
0.21 123

370.25

95% CL
Lower Upper

<0.01

NC
099 19.70 0.05
1.38 >999.99 0.04

NC
0.24 151 0.28





