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Abstract

:

Welfare assessment of dairy calves is commonly conducted through the observation of their behavior and the analysis of physiological parameters. Despite the large number of studies on this topic, there is a lack of research on the possible correlation between the physiological parameters and behavior at basal level in dairy calves. For this reason, the present study aimed to investigate the possible correlations between serum cortisol, neutrophil-to-lymphocyte ratio (N/L) and locomotor play behavior in 21 Friesian dairy calves within their first month of life. Every week, an arena test after blood collection was performed. A significant positive correlation between serum cortisol levels and N/L (rrm = 0.381; 95% CI = 0.083, 0.617; p = 0.012) and a negative correlation between time spent running and N/L (rrm = −0.351; 95% CI = −0.575, −0.077; p = 0.012) were found. On the contrary, no significant correlation between time spent running and cortisol levels was detected. Cortisol levels and N/L were higher in the newborn and had a constant decrease until reaching a stable value after the 24th day of life. These findings suggest a better predictivity of N/L, compared to serum cortisol, on locomotor play behavior.
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1. Introduction


Animal welfare is playing an increasingly important role in farms’ practices [1,2]. The raised concerns about animal wellbeing have considerably changed over the years [3]. Broom himself, in 1991 [4], had to revise and explain his initial approach which seemed to emphasize the importance of the physical state of the animals in assessing their welfare [5]. Duncan, in 1993, defined animal welfare as “all about how an animal feels” [6], emphasizing the role of the emotional state of the animal. During the same year, Rollin pointed out the “naturalness” of domestic animals, and the urge of satisfying their natural needs and desires [7]. The combination of these three key points (basic health and functioning, affective state and natural living) is the basis of the current assessment of welfare [3,8].



If, on the one hand, the analysis of semantic and ethical aspects of animal welfare seems very complex, on the other hand the scientific literature tends to agree that the primary way to gain information on animal wellbeing is through studying their behavior [9,10]. Specifically, play behavior is an indicator commonly used for the assessment of positive welfare in young calves [11,12,13] and other mammals [14,15,16]. Indeed, play was defined as a “luxury” behavior performed when welfare is not compromised [17,18]; the presence of the motivation to play seems to decrease when environmental conditions are poor [19,20]. According to Burghardt’s five criteria, play behavior is not “fully functional”; it is “autotelic” (self-rewarding); it differs from the “serious” form of the adult; it is performed “repeatedly”; and it is initiated when the animal is in a “relaxed field” (free from threats or intense resource competition) [21].



Social play and locomotor play are the two most common types of play recognized in calves [19,22]. Locomotor play emerges a few hours after birth, but newborn dairy calves are usually placed in individual pens, where they remain up to 8 weeks of age [23]. The percentage of inactive calves is higher on intensive farms than both pasture and semi-intensive farms [24], because the lack of stimuli and, in particular, the deprivation of maternal care and social contacts may compromise the animal welfare and consequently the expression of locomotor activity [25].



The presence of the mother is crucial to improve the welfare of calves because the mother-offspring bond could have a relevant impact in the development of the newborns, not only in altricial [26], but also in precocial species, such as ruminants [27,28]. Moreover, it was found that the presence of the mother is a key factor in eliciting both social and locomotor play behavior [19,29,30].



Another key factor that positively affects the locomotory play behavior is the space allowance [11,22]. For this reason, behavioral assessment of dairy calves is commonly conducted implementing the arena test (also called “open-field” test), which consists of releasing an animal into an open area and observing its behavior for a given period of time [31]. The spatial restriction of the individual pens combined with the space allowance of the arena test is a potential way to increase motivation of calves to perform locomotor play [32]. On the contrary, the presence of companions in the rearing pen was found to influence negatively the motivation to play in the arena [23].



Animals respond to environmental changes with both behavioral modifications and physiological mechanisms. Serum/plasma cortisol concentration is commonly used as biomarker of stress in mammals [33]. However, it is necessary to take into account the influence of circadian rhythm on the hypothalamic-pituitary-adrenal (HPA) axis and the lack of correlation between serum/plasma cortisol concentration and chronic stress [34]. Indeed, an increase in N/L ratio was reported to be more reliable than cortisol levels for long-term environmental changes and chronic stress assessment [35,36]. In fact, it is well established that stressful events cause a glucocorticoids release which is responsible for leukogram changes [37,38]. These changes are characterized by neutrophilia and lymphocytopenia, and consequently by an increase in neutrophil-to-lymphocyte ratio (N/L) [39]. In young calves, the interpretation of the leukogram must be performed carefully, because a high N/L was reported at birth, as well as a sharp fall in the ratio within the first two weeks of life [40]. The stress of labor and the release of corticosteroids at birth seems to be the primary cause of the pattern observed in leukograms of newborns calves [41].



Conforming to the Council Directive 98/58/EC [42] and in agreement with the scientific guidelines [43], the dehorning/disbudding of calves is accepted within the 21st day of age in Italy. However, dehorning can be performed without anesthesia/analgesia by means of cauterization (thermal or chemical)—or, rarely, by means of surgical procedure [44]. In the European Union, dehorning is performed in over 80% of dairy cattle farms and thermal cauterization is the preferred method for disbudding [1,45]. The procedure is undoubtedly stressful for the calves, and it should be taken into account in assessing potential welfare indicators.



By means of the physiological and behavioral indices, we can interpret the animal’s emotional/affective states [8] and welfare [46], but the scientific literature about the possible correlations between these variables in dairy calves is scarce. For this reason, the aim of the present study was to assess the possible correlations between locomotor play, N/L and serum cortisol of 21 dairy calves within the first month of life. Moreover, we determined the trend of these parameters over time considering the possible long-term impact of disbudding.




2. Materials and Methods


The study took place at the University of Pisa’s experimental dairy farm (Centro di Ricerche Agro-Ambientali “E. Avanzi”—CiRAA), where 21 Friesian female dairy calves were observed every week from the 3rd to 31st day of age (D3, D10, D17, D24, D31). Calves were kept under the same management conditions. Ready after birth, calves were separated from their dams and fed with 3 L of good-quality colostrum (≥50 g/L of Ig) evaluated with the optical Atago Brix N1 refractometer (Atago Co., Ltd., Tokyo, Japan) milked from the calves’ dam, or from the colostrum bank. Colostrum was administered as soon as the calf could drink (between 30 min and 2 h after birth) and between 4 and 8 h later the first meal. Calves received 3 L of colostrum, twice a day, until the third day of life [47]. On the fourth day, they received 3 L of whole milk twice. During the observation period (July 2017–July 2018), the rearing facility housed approximately 60 young subjects under the age of 2 months. Calves were housed in individual straw-bedded pens (1.4 m × 2.1 m) that allowed them to have visual, olfactory, auditory and some tactile contacts with the other young conspecifics in accordance with European Legislation (2008/119/CE). At the age of 2 months, the calves were weaned and relocated in group pens. The floors of the pens were covered with wheat straw.



Before each behavioral observation (D3, D10, D17, D24, D31), 5 mL of blood was collected from the jugular vein in the morning between 8 and 9 a.m. A 1 mL measure was placed in EDTA tubes and analyzed within one hour to perform the blood count (CBC) and to determine the N/L. The remaining 4 mL was placed in serum tubes to determine cortisol concentrations. The serum tubes were delivered to the Etovet laboratory of the Department of Veterinary Sciences—University of Pisa (Italy) and then centrifugated (2000× g, 4 °C, for 20 min). Serum was stored at −20 °C and then the cortisol concentration was determined using the commercial Cortisol ELISA® kit (DIAMETRA Srl, Via Pozzuolo, 14-06038 Spello-Perugia, Italy) previously used in other domestic species [48,49,50]. The CBC was determined with a ProCyte Dx® Analyser (IDEXX BioAnalytics, Vet Med Labor GmbH, Ludwigsburg, Germany).



Two hours after blood collection, each calf was taken into a large (4.5 m × 3.3 m) and isolated pen for the quantitative assessment of their behavior. To avoid any stress arising from forced handling, a “luring” method, with a feeding bucket, was used to cover the distance between the iron fence and the experimental pen. The behavior of each calf in the experimental pen was videotaped with a SONY HDR-CX190E for 20 min.



An experienced observer analyzed each video through a continuous sampling method with BORIS®, Behavioral Observation Research Interactive Software [51]. The locomotor play behaviors were defined as “State Event” (SE)—when both the number of occurrences and duration of the behaviors were measurable—or “Point Event” (PE), when only the number of occurrences were measurable (Table 1). The relative duration (percentage of total time) of running behavior (SE) and the frequency of the remaining behaviors (PE) were measured and statistically investigated.



A second experienced observer analyzed 12% (50/420 min) of the videos for calculation of inter-rater reliability through the Cohen’s kappa coefficient (κ). The agreement between the two observers was found to be excellent (κ > 0.9); therefore, according to Hausman et al. [52], only a single observer video analysis was statistically evaluated.
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Table 1. Ethogram of locomotor play behaviors in Friesian dairy calves. SE: State Event; PE: Point Event.
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	Behavior
	Definition
	Reference





	Running (SE)
	Any gait faster than a walk, including trot and gallop.
	[32]



	Leap (PE)
	The two forelegs are lifted from the ground and stretched forwards, the forepart of the body is elevated and the calf moves forward. Movement upwards and forwards. During the last phase of the movement, the hind legs may be lifted from the ground.
	[22]



	Jump (PE)
	The two forelegs are lifted from the ground, the forepart of the body is elevated. Movement upwards. During the last phase of the movement, the hind legs may be lifted from the ground.
	[22]



	Turn (PE)
	The two forelegs are lifted from the ground and stretched forwards, and as the forepart of the body is elevated turned to one side, the calf moves sidewards. Movement upwards and sidewards. During the last phase of the movement, the hind legs may be lifted from the ground.
	[22]



	Buck (PE)
	The body ascends from front to back, the top of the head is level with or lower than the shoulders and both hind hooves are lifted off the ground; legs may be kicked outwards.
	[32]



	Kick (PE)
	One or both hind legs are lifted off the ground and extended outwards from the body. The calf can be stationary or moving.
	[53,54]








The disbudding/dehorning of the subjects was carried out between the 17th and the 21st day of age, in compliance with the Italian regulation in force (D. Lgs. 146/2001). A local anesthetic block of the cornual branch of the zygomaticotemporal nerve with 5 mL 2% lidocaine, 20 min prior to disbudding was used before the electric hot-iron thermocautery. The 21 calves involved in the present study received no nonsteroidal anti-inflammatory drugs (NSAID) treatment.



Statistical Analysis


We ran repeated-measures correlations (rrm) to test the relationships between cortisol, N/L and locomotory play [55]. For locomotory play, we considered either state events (i.e., time spent running), or point events (i.e., sum of the PE of play behaviors: leap, jump, turn, buck and kick). Repeated-measures correlations allow the test of association between two variables while taking into account the non-independence among observations, since we collected data on the same individuals on five different occasions. For cortisol levels and N/L ratio, we log transformed the data to meet the assumption of the normality of residuals. For all correlations, we corrected the reference p value for significance with a Benjamini-Hochberg adjustment to avoid a type I error in multiple hypotheses testing and considered the false discovery rate as 0.05 [56].



We tested whether cortisol levels, N/L and locomotory play changed in the first four weeks via Generalized Linear Mixed Models. We used the “glmmTMB” function in the “glmmTMB” package as this function allows different fit families and it is suitable to deal with zero-inflated data. We used individuals as random effect, and age in days as fixed effect. We tested different fit functions (the ones that are included in the package) and included or excluded a zero-inflation term based on the QQ plot residuals and residual vs predicted plot from the package “DHARMa” [45] (available online at https://cran.r-project.org/web/packages/DHARMa accessed on 12 November 2021). We ran pairwise contrasts using a Bonferroni-Holm post hoc correction via the function “emmeans” in the package “emmeans”. We considered p = 0.05 as level of significance. We ran all the analyses with R v 4.0.4.





3. Results


We found a significant but weak positive correlation between cortisol levels and N/L (rrm = 0.381; 95% CI = 0.083, 0.617; p = 0.012) and a negative but weak correlation between time spent running and N/L (rrm = −0.351; 95% CI = −0.575, −0.077; p = 0.012) (Figure 1). We detected no significant correlation between time spent running and cortisol levels (rrm = −0.100; 95% CI = −0.332, 0.144; p = 0.415), between point events of locomotory play and cortisol levels (rrm = 2212−0.023; 95% CI = −0.262, 0.218; p = 0.851) and between point events of locomotory play and N/L ratio (rrm = −0.178; 95% CI = 0.437, 0.108; p = 0.211).



Cortisol levels and N/L were higher in the newborn and had a constant decrease until reaching a stable value after disbudding (Figure 2). N/L was significantly higher at D3 and D10 compared to D17, D24 and D31 (Table 2). The relative time spent running was significantly higher at D24 and D31 than at D3 (Table 2). The point events of locomotory play did not change significantly between times.




4. Discussion


Dairy calves’ play behavior is easy to recognize, it can be measured noninvasively and it is a cause and, at the same time, a consequence of good welfare [16,32]. Therefore, to improve the wellbeing of these mammals, play behavior should be allowed to be expressed to a greater extent, by ensuring a more gradual cow-calf separation and/or larger pens to keep calves together, ensuring them an adequate environmental and social stimulation [24]. For the present study, we excluded some behaviors reported as possible play behaviors [11,22]: head shaking, rubbing or scratching, ear flicking, tail swishing, quick transition from standing to lying and vocalization, because those behaviors could be also markers of stress or pain [32,43,57,58,59].



We found no significant correlations between the point events (PE) of locomotory play and cortisol levels or N/L. Therefore, we focused the discussion on the relative duration of running in the arena (percentage of total time spent by the calves running in the arena during the 20 min of observation). The relative time spent running by the calves tended to increase during the first 24 days of observation (D24 > D17 > D10 > D3). Indeed, the highest duration of running was observed at D24 and the time spent running at D31 was slightly lower than at D24.



The disbudding protocol adopted at CiRAA includes an evaluation of pain and, in case the calf shows clear signs of pain, NSAID are administered. According to Faulkner and Weary, in fact, the recommended treatment to prevent disbudding-related stress and pain is a combination of three drugs: a sedative, a local anesthetic and an NSAID [58]. Despite the disbudding procedure adopted for the 21 calves involved in the present study was carried out with only local anesthesia, no significant difference was observed between D17 and D24 for all the examined parameters. Moreover, the highest peak of running behavior and the lowest level of N/L were observed at D24. Therefore, it could be assumed that the pain did not negatively influence the long-term wellbeing of the calves and, accordingly, the pattern of physiological parameters reported in this study should be considered at basal level. Moreover, the peak of plasma cortisol seems to occur between 20 and 30 min after the hot-iron disbudding [57,60] and 60 min after the paste disbudding because the caustic burns continue to cause tissue damage while the thermal burns are only temporary [61]. The corticosteroid release is normally preceded by marked pain-related behaviors when the anesthetic treatment is not performed [61]. In general, the duration of the effects of hot-iron disbudding seem to not exceed 24–27 h [32,33,58], although some authors previously reported effects not exceeding 4 h [62].



The trend of N/L over time is consistent with previous studies in dairy calves [63,64] and beef calves [40]. Furthermore, the serum cortisol concentration decreased from D3 to D31 as previously reported [63,64,65]. The significant positive correlations between N/L and serum cortisol may constitute further evidence that glucocorticoids and leukogram are linked both at basal level and after a stress release. Since the physiological responses to the environment has been considered a more objective measurement of stress than behavioral observation [66], investigating both N/L and serum cortisol has integrated and amplified the significance of locomotor play behavior. In this regard, a significant negative correlation between N/L and running was found, while the lack of the same correlation between serum cortisol and running would seem to recognize a limited association between the HPA axis and play behavior at basal level. Moreover, the present findings could be representative of a higher predictivity of N/L, compared to serum cortisol, on locomotor play behavior.



Despite the fact that N/L is largely considered a measure of the stress response [67], conventionally, stress is estimated by measuring circulating cortisol concentration [66,68]. Blood sampling is an invasive medical procedure and cortisol could offer the advantage of being measured non-invasively in saliva [48,69] and hair [70,71,72]. However, when a withdrawal is required, N/L might still be a good biomarker because determining a stress leukogram is a quicker and cheaper procedure compared to determining plasma/serum cortisol [73].




5. Conclusions


Despite the scientific literature on N/L, serum cortisol and locomotor play behavior in assessing the welfare of dairy calves is quite consistent, the correlation between these parameters is not widely described. The present study found a better predictivity of N/L, compared to serum cortisol, on locomotor play behavior, and a significant correlation between N/L and serum cortisol at basal level. Considering the advantages of assessing stress levels with N/L instead of cortisol, our findings could contribute to improving the possible application of this parameter. Further research into the variation and correlation between these parameters towards different stimuli is needed to elucidate the possible involvement of N/L in stress assessment of dairy calves.
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Figure 1. (a) Significant correlation between neutrophil-to-lymphocyte ratio (N/L) and cortisol (rrm = 0.381; 95% CI = 0.083, 0.617; p = 0.012). (b) Significant correlation between N/L and relative duration of running (rrm = −0.351; 95% CI = −0.575, −0.077; p = 0.015). Values for N/L and cortisol are log10 transformed. Data are based on 21 dairy calves observed every week from the 3rd to 31st day of age at CiRAA (Centro di Ricerche Agro-Ambientali “E. Avanzi”—University of Pisa). Different colors indicate different individuals, dashed red lines indicate the overall trend. 
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Figure 2. Estimated model means and 95% confidence intervals based on Generalized Linear Mixed Models to understand the differences in cortisol (a), neutrophil-to-lymphocyte ratio (N/L) (b) and relative time spent running (c). Data are based on 21 dairy calves observed every week from the 3rd to 31st day of age (D3, D10, D17, D24, D31) at CiRAA (Centro di Ricerche Agro-Ambientali “E. Avanzi”—University of Pisa). Dotted lines indicate the approximate time of disbudding. 
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Table 2. Significant pairwise comparisons (p < 0.05) after pairwise contrasts using a Bonferroni-Holm post hoc correction. Estimated means are in Figure 2. Data are based on 21 dairy calves observed every week from the 3rd to 31st day of age (D3, D10, D17, D24, D31) at CiRAA (Centro di Ricerche Agro-Ambientali “E. Avanzi”—University of Pisa).
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Response Variable

	
Family Fit

	
Contrast

	
Ratio

	
95% CI

	
t-Value






	
Cortisol

	
Tweedie

	
D3/D10

	
1.89

	
1.07–3.33

	
3.24




	

	

	
D3/D17

	
3.49

	
1.90–6.39

	
5.94




	

	

	
D3/D24

	
5.22

	
2.61–10.45

	
6.88




	

	

	
D3/D31

	
6.33

	
3.12–12.85

	
7.52




	

	

	
D10/D17

	
1.84

	
0.98–3.47

	
2.80




	

	

	
D10/D24

	
2.76

	
1.35–5.65

	
4.10




	

	

	
D10/D31

	
3.35

	
1.62–6.95

	
4.78




	

	

	
D17/D31

	
1.82

	
0.85–3.89

	
2.26




	
N/L

	
Gaussian

	
D3/D17

	
1.93

	
0.93–2.93

	
2.85




	

	

	
D3/D24

	
3.04

	
1.24–4.83

	
4.83




	

	

	
D3/D31

	
3.04

	
1.23–4.84

	
4.84




	

	

	
D10/D17

	
1.95

	
0.94–2.96

	
2.96




	

	

	
D10/D24

	
3.10

	
1.26–4.93

	
4.93




	

	

	
D10/D31

	
3.10

	
1.24–4.95

	
4.95




	
Running time

	
Tweedie-zero inflated

	
D3/D24

	
0.33

	
0.12–0.90

	
−3.16




	
D3/D31

	
0.38

	
0.35–1.04

	
−2.72
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