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Abstract

:

Simple Summary


Neonatal mortality represents a major cause of production loss in camelids, reaching rates higher than 25%; despite the increasing global importance of this species, most of the physiological features of the newborn dromedary camel remain unknown. Tailored reference values for dromedary calves are needed for a more accurate discrimination of healthy and sick animals. This study aimed at investigating the blood gases, acid-base and electrolyte profiles in healthy dromedary calves during the first 3 weeks of age, assessing possible associations with age. A total of 21 healthy dromedary camel calves aged between 1 and 21 days were sampled on the same day, and venous blood was analyzed through a VETSTAT® analyzer. Calves were divided in two groups; younger calves aged 1–10 d, and older calves aged 11–21 d. Age was associated with differences in K+, Na+, Cl−, sO2 and pCO2 between the two groups. These results suggest an effect of age on some blood parameters, and provide preliminary data regarding the blood gas, acid-base and electrolyte profiles in the healthy dromedary calf during the first 3 weeks of age.




Abstract


The importance of prompt evaluation and care of the newborn is essential for reducing neonatal mortality, which represents a major cause of loss in camelids. This study investigated the blood gases, acid-base and electrolyte profiles in healthy dromedary calves during the first 3 weeks of life, assessing possible associations with age. Twenty-one dromedary camel calves aged 1 to 21 days were sampled, and venous whole blood analyzed through a VETSTAT® analyzer. The following parameters were measured: sodium (Na+), potassium (K+), chloride (Cl–), hydrogen ion concentration (pH), partial pressure carbon dioxide (pCO2), partial pressure oxygen (pO2), total hemoglobin concentration (tHb), hemoglobin oxygen saturation (sO2), total carbon dioxide (tCO2), bicarbonate (HCO3–), base excess (BE) and anion gap (AG). Calves were divided in two groups; younger calves (1–10 d), and older calves (11–21 d). Statistical analysis showed an effect of age, with lower K+ (p < 0.001) and higher Na+ and Cl− (p < 0.05) mean concentrations in the younger calves compared to the older ones, and higher pCO2 and lower sO2 mean concentrations in the older group. These preliminary results firstly described the blood gas, acid-base and electrolyte profiles in the healthy dromedary calf during the first 3 weeks of age, suggesting an effect of age on some parameters.
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1. Introduction


Old World camel species include the Dromedary (Camelus dromedarius) and the Bactrian (Camelus bactrianus), which are native to the Middle East region and Northern Africa, and to central Asia, respectively. According to a recent study [1], the world camel population is growing and should reach 60 million heads in 25 years. This growth is mainly driven by the raising demand for camel meat and milk of distinguished quality [2], and by the increased use of dromedary camels as a production animal worldwide, thanks to the high level of sustainability of camel farming and to the ability of camels to cope with heat stress [3,4,5]. The dromedary represents an important sport and tourism resource in the Arabian Gulf countries, and it is also employed for packing, transport, and riding [6,7]. In Saudi Arabia (KSA) the dromedary camel plays a primary role in the history of the Kingdom, representing a national wealth and a source of income to the majority of citizens, particularly in desert areas.



Due to seasonality, the usual calving interval for the camel is 24 months but it might easily extend to 36 months [8]; neonatal mortality, beyond that affecting animal welfare, exerts a great economic impact on farm profitability in the dromedary camel species [9]. Calf losses slow down herd’s reproduction rate, thus reducing the income for meat production. The economic importance of calf mortality is also linked to the milk production, as the presence of the calf is essential for initiation and maintenance of the lactation [8]; consequently, calf mortality threatens the sustainability of the camel farming system, and affects food and milk production in marginal areas.



In a survey carried out in eastern Sudan, a 48% mortality rate was reported among calves under 6 months of age [10], while dromedary calf mortality rate between 30 and 50% has also been reported in Kenya [11], Tunisia [12] and Somalia [13]. In some camel herds in the UAE, dromedary calf mortality rates of up to 60% have been reported during the first 3 months of life, but with overall morbidity and mortality rates of 40% and 25%, respectively [14]. Many factors contribute to calf mortality, among which is calf diarrhea, that causes dehydration, together with electrolytes and acid-base imbalances. Inflammation of the intestinal lining impairs the calf’s ability to digest nutrients, leading to weight losses and other life-threatening disorders. A mortality rate of 39.9%, due to diarrhea, was reported in calves aged less than six months in Sudan [15]. Al-Harby et al. [16] evaluated calf scour morbidity and mortality rates in 1200 0–14 day old camel calves in Taif area (KSA); a 20% morbidity rate and 50% mortality rate were observed, respectively, with an equal distribution between winter and summer.



Due to the critical issues highlighted above, health management of dromedary calves require care and understanding, particularly during the neonatal life, as they are susceptible to illness until they reach one year of age [8]. Notwithstanding the growing number of camels and the intensification of camel farming systems, there is a dearth in the literature regarding the physiology of newborn dromedary camels. It is essential to understand that young and adults are physiologically different, which justifies the need to obtain age-specific reference intervals. Several studies have indicated significant differences between the physiology of young and adult cattle [17,18,19,20,21], and the same can be found for other species such as horses [22], dogs [23,24] and pigs [25]. Some studies showed significant differences also in the hematological and biochemical profiles of growing dromedary calves from birth to the 4th week of age [26], and between young and adult [27,28,29]. Camel farms are often located far from diagnostic facilities and laboratories, and assessment of sick dromedary calves is still commonly mainly based on physical examination [30,31,32]. However, Old World camelids are legendary in their ability to preserve water, and this adaptation may hamper the accurate identification of early hypovolemia in critically ill camelids by physical examination alone, making the clinical estimation of fluid deficits particularly challenging [33]; for example, their small, ovoid erythrocytes are resistant to osmotic changes, and can continue to circulate in situations of increased blood viscosity. The increasing availability of pen-side blood gas analyzers can facilitate diagnostic work-up and permit evaluation of degree and nature of alterations in acid-base and electrolyte balance, which usually accompany diarrhea and other neonatal diseases. Blood gas and electrolyte analysis combined with appropriate reference ranges for healthy animals represents a prompt and useful tool in the early detection and close monitoring of disturbances; early diagnosis and treatment of neonatal disease, particularly infections, result in greater positive outcome [34]. Mean values for blood gas analysis of newborn dromedary calves immediately after birth have been investigated [26], but no information is available regarding the blood gas and acid-base profile in dromedary calves during the first weeks after birth. Tailored reference values for dromedary camel calves are urgently needed for more accurate differentiation of healthy and sick animals.



Therefore, the aim of the present study was to investigate the blood gas, acid-base and electrolyte profiles of healthy dromedary calves up to 21 days of life.




2. Materials and Methods


2.1. Sample Population


In March 2022, twenty-one dromedary camel calves aged between 1 and 21 days (d) were sampled. The animals were reared through a semi-intensive breeding system in a farm located in the Al-Qassim region (Centre of Saudi Arabia). About one hundred dromedary camel females were reared on the farm, distributed into pregnant and calf-rearing dams. The paddocks were provided with shaded areas. Pregnant animals were left free to graze on pastures for three hours/day and received alfa-alfa upon their return. Calf-rearing animals received alfa-alfa and concentrates. For both groups water was provided at libitum. All procedures were performed on the same day, to avoid environmental biases. The health status of each calf was assessed on the day of sampling through complete physical examination performed by veterinarians: body temperature, calf demeanor, mobility and reactivity, suckle reflex, feed intake, fecal consistency and hydration status were evaluated. Only calves that were deemed clinically healthy were enrolled in the study.




2.2. Blood Sampling and Analysis


Each calf was blood sampled by jugular venipuncture. A venous blood sample was collected from the jugular vein into 2.5 mL lithium-heparin syringes, and immediately analyzed by a VETSTAT® analyzer (IDEXX, Westbrook, ME, USA), with individual body temperature set for each calf. Before testing, all visible air bubbles were expelled from the syringe, which was continuously agitated to prevent formation of microclots. Single-use disposable cassettes were employed for the assessment of sodium (Na+, mmol/L), potassium (K+, mmol/L), chloride (Cl–, mmol/L), hydrogen ion concentration (pH), partial pressure carbon dioxide (pCO2, mmHg), partial pressure oxygen (pO2, mmHg), total hemoglobin concentration (tHb, g/dL), hemoglobin oxygen saturation (sO2, %), total carbon dioxide (tCO2, mmol/L), bicarbonate (HCO3–, mmol/L), base excess (BE, mmol/L) and anion gap (AG, mmol/L) in whole blood. Before performing the analysis, a temperature-correction was applied for each sample on the basis of the rectal temperature registered during clinical examination of the subject. To ensure optimal performance, standard reference cassette (SRC) measurements were checked on the day of sampling, by using SRC level 1 and SRC level 3 provided by the manufacturer.




2.3. Data Collection and Statistical Analysis


Calves were divided into 2 groups according to their age: between 1 and 10 d of age (n = 10), and between 11 and 21 d of age (n = 11). Mean values (±standard deviation, SD) for each parameter were calculated for both groups, and statistical analysis was applied to determine differences between the two age groups for each parameter (Student t-test for independent samples). Subsequently, the linear regression analysis was performed on the total number of calves to assess the possible effect and magnitude of each day of increasing age on the studied parameters. Statistical analysis was performed using Jamovi® ver. 2.3.21 for Windows. Significance was set for p < 0.05.





3. Results


Among the 21 calves, 12 were males and 9 were females. Mean age for the 1–10 d group was 4.3 d, while it was 15.4 d for the 11–21 d group. Statistic for the pooled data is shown in Table 1. Regression analysis showed that the age of the calf was associated with changes in some of the variables evaluated. Specifically, younger neonates (1–10 d) had significantly lower mean K+ concentrations (p < 0.001), and higher mean Na+ (p < 0.05) and Cl− concentrations (p < 0.05) compared to older calves (11–21 d). Regarding blood gas values, pCO2 was lower for younger calves (p < 0.05) while sO2 was higher (p < 0.05) compared to 11–21 d old calves.



Linear regression analysis showed that the age of the calf, independently by the groups, was associated with changes in some of the variables evaluated, with diverse magnitude. In fact, K+ was shown to increase of 0.06 mmol/L each day of increasing age (p < 0.001); Cl− decrease of 0.26 mmol/L each day of increasing age (p < 0.05); sO2 decrease of 0.58% each day of increasing age (p < 0.05) and pCO2 showed a tendency to increase of 0.47 mmHg (p = 0.05). Mean concentrations of Na+ decreased significantly from younger to older dromedary calves (p < 0.05) but not linearly.




4. Discussion


In view of the increasing interest for the dromedary species and due to the paucity of knowledge regarding laboratory parameters, particularly when different ages are considered, this study focused the attention on physiological age-specific values of blood gases, electrolytes and acid-base in healthy dromedary calves up to 3 weeks of life. In the assessment of age as an independent variable, a single cut-off point of 10 d was applied, in view of previous findings on newborn bovine calves, which detected most significant changes in blood gases and electrolytes profile before and after 10 days of age [35]. The point-of-care (POC) analyzer employed in the present study was not specifically validated for camelids, but a recent study demonstrated that a similar POC analyzer can be a valid blood gas and biochemistry instrument for use with venous blood from clinically healthy New World camelids [36].



The hypothesis that reference ranges for blood gas and electrolyte parameters should be specific for the age of the patient was proven in other species [35,37,38,39], and corroborated also in the dromedary species by the results of the present study. The age of the dromedary calves has been in fact significantly associated with differences in both blood gas analysis and electrolyte. Being the first study reporting blood gas, acid-base and electrolytes concentrations in the young dromedary calf, the comparison with previous results in age-matched dromedaries is unfeasible, while some discussion can be made in comparison with newborn dromedaries immediately after birth [26], with adult dromedaries [40], and with newborns of other species.



Electrolytes concentrations were affected by the age of the calves. Mean concentrations of K+, Na+ and Cl− registered in 1–10 days old calves in the current study were similar to the mean concentrations reported by Tharwat et al. [26] in dromedary calves immediately after birth (4.4 ± 1 mmol/L, 156 ± 2.2 mmol/L and 116 ± 1 mmol/L, respectively). The significant rise of blood concentrations of K+ and the decrease of blood Cl− and Na+ concentrations from 1–10 d old calves to 11–21 d old calves in the present study seem to suggest a still on-going maturation process of homeostasis in the newborn. A study on donkey foals also showed an increase in K+ concentrations from samples collected within 1 day after birth to samples collected at day 14 and 21 of life [39], while no significant changes were found in Na+ and Cl− concentrations with age [39]. A study on equine foals showed no differences in the whole electrolyte profile during the first year of life [41], and therefore proposed combined average mean values for the electrolyte profile in foals aged <1 year. On the contrary, Viesselmann et al. [36] found that the age of the calf influenced the electrolyte profile in the bovine species, but with decreasing K+ and increasing Na+ and Cl− concentrations from 1–10 d old calves to 11–30 d old calves, in contrast with the present findings on the dromedary calf. Age-related differences in electrolytes concentrations have been reported for llamas [42]; reference ranges reported for Na+, K+ and Cl− in adult llamas (148–156 mmol/L, 4–5.3 mmol/L and 110–124 mmol/L, respectively) and in adult alpacas (140–156 mmol/L, 4–5.8 mmol/L and 104–119 mmol/L, respectively) were very similar to those found in the present study in the older dromedary calves group (11–21 d). This finding suggests that electrolytes concentrations in healthy calves older than 10 days of age are already comparable to those of adults [40].



Blood gas analysis was performed on venous blood, and although some parameters related to the oxygenation ability are affected by the sampling site, some others were reported to be similar in arterial and venous blood in humans [43,44,45]. No correlation has been shown between arterial and venous blood samples for pO2 and sO2 in some animal species, underlining that reliable measurement for pulmonary gas exchange evaluation should only be performed on arterial blood samples [46,47]. Moreover, camelids have small, ellipsoid red blood cells with an unusually high concentration of hemoglobin, and this factor can affect the accuracy of oximetry in camelids [48]. For new world camelids (namely llama and alpaca), an arterial sample is recommended for the evaluation of respiratory parameters, preferably paired with a venous sample [49], as arterial parameters are influenced by of the high hemoglobin affinity for oxygen in these species. This implies that the present findings regarding sO2 on dromedary calves cannot reflect the effective percentage of hemoglobin fully combined with oxygen, lacking in clinical significance. Instead, studies in dogs [50,51] and equine [52,53] suggested that venous pH, pCO2 and actual HCO3- measurements are in sufficient agreement with the arterial value, provided that circulatory status is not impaired. Arterial sampling can be technically difficult [54,55] particularly in hypovolemic subjects, and carries the risk for some complications, especially when dealing with large animals under field conditions. The jugular vein can provide representative samples of whole-body metabolism, since this vessel is of large caliber and has normally relatively high blood flow [56]. Therefore, the choice for sampling venous blood in this research was made in order to obtain an accurate but also easily replicable method to assess blood gas, acid-base and electrolyte values in young dromedary calves, especially to support diagnosis in critical emergency situations. As the influence of body temperature on the values of some blood gas parameters has been previously demonstrated [46], a temperature-correction was applied for each sample analysis on the basis of the rectal temperature registered during the clinical examination; this is particularly important considering that pH, pO2 and pCO2 values are automatically corrected according to the patient temperature by the VETSTAT® analyzer.



Mean pCO2 concentrations were affected by age in the present study, with increasing values in older dromedary calves; this could be partly ascribed to differences in respiratory rate according to age. The pCO2 values in 1–10 d old dromedary calves (43–57 mmHg) were similar to those reported for age-matched newborn bovine calves (43–58 mmHg) [35], but higher than those reported for newborn foals (42.2 ±2.1 mmHg) and donkey foals (37.1–38.9, [39]; 42.9–41.2, [47]). In these last studies however, researchers sampled the newborns immediately after birth and until 96 hours after birth, thus involving younger newborns compared to those of the present study. The high pCO2 values registered in the older dromedary calves group (11–21 d) in this study were similar to those from adult dromedaries [40], suggesting that high pCO2 can be a distinctive feature of the old world camelids, maybe an attribute adaptive for life in areas with high environmental temperatures and low water availability, and that this feature is already expressed in calves older than 10 days of age. Concentrations of tCO2 were not different in the two groups in the present study, and they were in agreement with those reported in the adult dromedary [40].



No difference in pH values were found in the present study between the different age groups, underlining how lungs, kidneys, and the buffer system interact and respond to physiologic changes in order to tightly regulate blood pH [57]. The mean pH values of both groups in this study (7.34–7.38) were higher than the mean pH registered in the newborn dromedary calf at birth (7.29 ± 0.03) [26], and superimposable to the mean pH reported for adult dromedary (7.35 ± 0.03) [40]. When compared to newborns of other species, the dromedary calves show the lowest pH range values (7.26–7.4); pH ranges were in fact 7.37–7.5 in healthy newborn calves within 30 days after birth [35], 7.35–7.5 in the juvenile llama <1 year [49], and 7.41–7.48 in the donkey foals at 24 hours of age [39]. The fact that a similar pH range was registered in the adult dromedary (7.28–7.44) [40], suggests a distinctive trait of this species, and needs to be taken into account when a clinical evaluation of sick dromedary calves is performed, in order to avoid overestimation of acidemia or underestimation of alkalemia in this species. While a minimum pH cut-off value of 7.36 is suggested for diagnosing acidemia in bovine calves aged 7 to 26 d [58], the present study suggests that a pH value of 7.34–7.38 can be considered as normal for healthy dromedary calves between 1–21 d of age, as these values were found to be the mean pH values in the two groups of healthy dromedary calves enrolled.



None of the other acid-base parameters significantly differed among calves of different ages. This may be due to the fact that, within few days after birth, the main metabolic adaptations to the extrauterine life have already taken place; when evaluating hematological and biochemical parameters in the newborn of many species according to age, in fact, most of the significant changes were detected during the very first hours after birth [47,59,60], mostly due to the effect of parturition and to the newborn adaptation to the extrauterine life. Regarding HCO3−, the mean and lower and upper limits registered in the present study were very similar to those reported in the adult dromedary [40] and in the newborn donkey foal [39,47], while lower and higher mean HCO3− concentrations were reported in 7-day-old foals [59] and in the calf [35], respectively. The BE, commonly used in evaluating the metabolic status of patients [61] ranged from −1.1 to 4.3, almost superimposable to the range reported for adult dromedaries (−2 to 4) [40]; when compared to newborns of other species, mean BE concentrations in the present study were lower than those reported in healthy bovine calves of similar ages [35], and more similar to findings on the newborn foals and donkey foals [47,56].



The linear regression analysis showed that a progressive increase of K+, decrease of Cl− and sO2, and borderline increase of pCO2 is seen when all the calves were considered as a whole unique group, highlighting that these changes occur linearly, along age progression.



In the present study, some efforts were adopted to avoid possible confounding variables; a single farm was enrolled, and all dromedary calves were sampled on the same day, in order to reduce farm and environmental influences on blood results. All these aspects reduced the availability of calves that could be enrolled, representing a limitation of the study. Due to the special environmental conditions in which dromedaries are reared, and to their unique physiology especially regarding water metabolism, specific blood variable ranges are needed for this species, and according to the present study, age should be considered as an influencing factor.




5. Conclusions


Although the number of calves enrolled prevents from establishing definite reference ranges, the present study provides preliminary data for evaluating blood gas, acid-base and electrolyte concentrations in young dromedary calves. This is of fundamental importance in the diagnosis and correction of imbalances resulting from the most common diseases affecting the newborns during the first month of life, such as diarrhea. According to the present study, when compared to newborns of other species, the dromedary calf presents some unique characteristics, such as a lower pH range and higher pCO2 concentrations. Further studies on a greater number of calves are advisable to corroborate these results, and to evaluate possible influences of other variables such as gender, breed and ease of parturition on the blood gas, acid-base and electrolyte profile of the dromedary calf.
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Table 1. Mean (±SD) data and min-max ranges for each venous blood gas analysis variable in the two age-groups of clinically healthy dromedary calves.






Table 1. Mean (±SD) data and min-max ranges for each venous blood gas analysis variable in the two age-groups of clinically healthy dromedary calves.













	Variable
	Group
	N
	Mean
	SD
	Range





	Temperature (°C)
	1–10 d
	10
	38.5
	0.28
	38.1–39



	
	11–21 d
	11
	38.4
	0.26
	38–38.7



	Na+ (mmol/L)
	1–10 d
	10
	154.4 *
	4.30
	147–163



	
	11–21 d
	11
	151.2
	2.71
	147–155



	K+ (mmol/L)
	1–10 d
	10
	4.0 **
	0.44
	3.2–4.6



	
	11–21 d
	11
	4.9
	0.44
	4.3–5.6



	Cl− (mmol/L)
	1–10 d
	10
	116.9 *
	4.01
	111–124



	
	11–21 d
	11
	114.1
	2.12
	111–117



	pH
	1–10 d
	10
	7.38
	0.02
	7.35–7.4



	
	11–21 d
	11
	7.34
	0.05
	7.26–7.4



	pCO2 (mmHg)
	1–10 d
	10
	50.3 *
	4.22
	43–57



	
	11–21 d
	11
	57.5
	6.98
	50–71



	pO2 (mmHg)
	1–10 d
	10
	37.6
	16.14
	24–37



	
	11–21 d
	11
	31.9
	2.74
	27–36



	sO2 (%)
	1–10 d
	10
	66.3 *
	8.18
	62–80



	
	11–21 d
	11
	58.8
	4.77
	60–67



	tCO2 (mmol/L)
	1–10 d
	10
	28.6
	2.10
	24.3–31



	
	11–21 d
	11
	30.60
	1.41
	28.1–33



	BE (mmol/L)
	1–10 d
	10
	2.1
	1.61
	−1.1–4.3



	
	11–21 d
	11
	2.0
	1.65
	0.0–4.2



	HCO3- (mmol/L)
	1–10 d
	10
	27.1
	1.99
	23.0–29.3



	
	11–21 d
	11
	28.4
	1.32
	26.5–31



	AG (mmol/L)
	1–10 d
	10
	14.2
	1.32
	12.8–16.6



	
	11–21 d
	11
	13.7
	1.78
	9.7–15.9



	tHb (g/dL)
	1–10 d
	10
	11.3
	2.12
	5.4–12.8



	
	11–21 d
	11
	11.1
	2.01
	7.5–14.4







* Significant differences between groups with p < 0.05; ** Significant differences between groups with p < 0.001.
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