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Hypocalcemia is a metabolic disorder that occurs when calcium leaves the blood to support milk production or for the growth of the fetus faster than calcium can be put back into the blood. Subclinical hypocalcemia (SCH) refers to clinically normal cows but with concentrations of calcium lower than measured in normal cows. A study was conducted to estimate economic losses and to identify risk factors associated with SCH in Holstein Friesian × Zebu crossbreed Cows in North-West Ethiopia. A total of 221 lactating dairy cows obtained from 81 dairy farms were selected and serum samples were collected and analyzed to estimate the level of calcium in the serum using an automated electrolyte analyzer (Roch, UVL Japan, 2014). Forty-seven cows obtained from 12 farms were grouped into two: cows with SCH and cows without SCH and milk yield was measured for eight consecutive days to estimate milk production loss associated with SCH. Prevalence was estimated and univariable and multivariable logistic regression analyses were used to identify determinants of SCH. The prevalence of SCH was 20.3% (51/221, 90% CI = 18.6%−28.1%). Grazing on pasture, membership to dairy cooperative, feeding above the cows' requirement (based on farmers' opinion), and previous experience of metritis reduced the odds of SCH (P < 0.05). The average economic losses associated with reduced milk production due to SCH were 11.25 Ethiopian Birr (ETB) (1 ETB = 0.023 US Dollar) and 3,026.25 ETB (69.6 US Dollar) per cow per lactation, respectively. The main findings of the study have shown that SCH was a problem in crossbreed dairy cows in Northwestern Ethiopia and identified few risk factors that could be targeted to mitigate the problem. Actually, in this study, the economic cost of SCH was significant and needs attention in the dairy extension and dairy health training programs.
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INTRODUCTION

With 7.2 million dairy cows, Ethiopia is endowed with the largest livestock population in Africa (1). However, the annual growth rate in milk production cannot satisfy the milk demand of the growing population (2). Challenges that the dairy sector in Ethiopia are facing such as the low genetic potential of indigenous breeds of cows, shortage of feed, livestock diseases, poor management practice, and lack of an organized marketing system (3). To balance the milk supply to the milk demand, besides increasing the number of dairy cows, increasing milk production per animal is an additional way to go through cross-breeding. The Ethiopian government is taking action to improve the genetic potential of indigenous cows for higher milk yield through crossbreeding with Holstein Friesian semen and the number of cows with Holstein Friesian blood levels is increasing currently. However, higher milk yield in high-producing dairy cows leads to an increase in the metabolic demand of the cow (4) which increases the incidence of metabolic disorders (5).

Hypocalcemia is one of the most important metabolic disorders in dairy cows worldwide (6, 7) that reaches peak incidence between calving and peak of lactation. Hypocalcemia occurs when calcium in the blood leaves to support milk production faster than calcium that can be put back into the blood from the diet, skeletal calcium stores, and renal conservation of calcium. Subclinical hypocalcemia (SCH) refers to when concentrations of calcium are lower than measured in normal cows but have no clinical symptoms of hypocalcemia (8–10). However, there is inconsistency regarding what concentration of total calcium in serum should be used as the cut-point. The most common cut-point cited is the concentration of calcium <2 mmol/l in the serum (9). SCH, as compared to clinical hypocalcemia, is considered to occur at high prevalence in the postpartum cow has an unrecognized problem that may contribute to the development of most postpartum production diseases (9) that are responsible for severe economic losses in terms of heavy reduction in milk yield, impaired fertility, and increased the risk of other metabolic diseases such as ketosis (11). There is also a strong relation between a low level of calcium and impaired immune function leading to infectious disease (4). A low level of calcium reduced muscular tone in teat end sphincters in hypocalcemic cows (12). A low level of calcium reduces a cow's innate immunity as a result it increases the chance of the cow being infected by mastitis-causing bacteria (4, 13). In Ethiopia, hypocalcemia is a common problem in dairy cattle (14–17). Although the severity of the disease is greater in clinical cases, subclinical cases are also important because they are far more frequent and are responsible for large economic losses. However, they cannot be easily diagnosed (4, 18) and are not well recognized by many farmers (9).

Although many articles have been published on hypocalcemia (6–8, 19), specific information on the epidemiology and economic impact of hypocalcemia in smallholder farms with low milk yields are limited. To get a better estimate of the costs of milk fever and SCH specifically for the situation in smallholder farms with low milk yields, more studies are needed. The identification of risk factors associated with the occurrence of hypocalcemia can help to improve programs for the prevention and control of milk fever in dairy herds. Worldwide, many studies have been conducted on the management of milk fever, and many risk factors were found to be associated with the occurrence of milk fever (19–21). In Ethiopia, there is likely an increased prevalence of SCH, as the Holstein Friesian blood level was found to be positively associated with the prevalence of hypocalcemia (14). Therefore, specific attention to risk factors for hypocalcemia in this country is valuable. Estimates of costs of hypocalcemia specifically the cost of SCH may motivate farmers to take preventive measures. By calculating the costs of SCH, awareness of the financial consequences of hypocalcemia can be created. Consequently, the possibility of financial returns from preventing hypocalcemia can be illustrated which is a first step to prevent hypocalcemia and an important part of farmers' motivation to implement control.

In this study, we collected specific parameters needed to calculate costs of SCH per cow through questionnaires and the number of cows with SCH by testing serum samples collected from individual cows. We aimed to estimate the prevalence of SCH, to identify factors associated with SCH, and to estimate average economic losses associated with reduced milk production due to SCH in urban and peri-urban dairy farms with Holstein Friesian × Zebu crossbreed lactating dairy cows in Northwestern Ethiopia.



MATERIALS AND METHODS


Study Area

This study was conducted in and around Gondar town in Central Gondar zone, in Amhara National Regional State. Gondar town is located between 12°36' North latitude and 27°2' East longitude. The annual mean minimum and maximum temperature vary between 12.3–17.7°C and 22–30°C, respectively, with an annual average temperature of 19.7°C (1).



Study Herds and Cows

All cows used in the study were Holstein Friesian × Zebu crossbreed cows. The majority of herds were kept indoors and were hand-fed. Hay, wheat bran, crop residue, and brewery byproduct were used to feed the cows. Cows were milked by hand two times a day early in the morning and late in the afternoon by stripping (milking by thumb and index finger), squeezing (milking by five fingers), or both, depending on the habit of the farmer and the size of the teats.

This study consists of two separate studies: prevalence and risk factors study and milk production losses and economics study. In the prevalence and risk factors study, data were collected from 81 dairy farms to gain insight into the prevalence and risk factors associated with SCH. The 81 dairy farms were obtained by random selection from the extensive list of dairy herds in Gondar town. In the milk production losses and economics study, data were collected on 12 farms to evaluate the effect of SCH on milk production losses. For this later study, dairy farms that had relatively “large herds,” dairy farms with a herd size > 6 cows, with “the same” breed and management were selected based on their willingness to participate in the study.



Study Design
 
Selection of Cows for Prevalence and Risk Factor Study

A cross-sectional study was conducted to estimate the prevalence of SCH and to identify risk factors associated with SCH. As there was no formal list of dairy farms, a list of dairy farms was recorded by using information from veterinary clinics, artificial inseminators' records, and “Lame Bora” dairy cooperative aiming to represent the population of dairy herds in Gondar town. Based on random selection, 81 dairy farms were selected from the list. In the selected dairy farms, all lactating cows were taken if the number of lactating cows in a herd was ≤ 4. If the number of lactating cows within a herd was > 4, four cows were randomly selected. In that way, 221 lactating cows were participated in this study.

After proper restraining of the cows, about 5 ml of blood sample was collected from the jugular vein into 10 ml plain vacutainer tubes. Blood samples were stored in a vertical rack and transported to the laboratory within 5 h of sampling. The samples were properly labeled and stored in the icebox and transported to the University of Gondar Veterinary public health laboratory for serum separation. The serum was separated and transferred into Eppendorf tubes, Hamburg, Germany, labeled and kept at −20°C until the serum calcium was measured. Serum calcium was measured by using an automated serum electrolyte machine that uses atomic absorption spectrophotometer (HumaLyte Plus5 Ion-Selective Electrolyte Analyzer) and Roche-986, UVL, Japan, 2014. Cows with a serum calcium of <2 mmol/l were considered subclinically hypocalcemic otherwise free of SCH (9).



Design of the Questionnaire and Study Variables

For the risk factor study, a questionnaire aiming to collect data was prepared to address two main issues. First part of the questionnaire was addressed characteristics of the farmer and that of the herd. The second part of the questionnaire contained questions regarding each cow enrolled in the study such as, Holstein Friesian blood level (HFBL), parity, experience of the cow to common hypocalcemia-related health problems (lameness, metritis, retained placenta, uterine prolapse, abnormal vaginal discharge, dystocia, abortion, milk fever, clinical ketosis, and mastitis), and calving date were included. All questionnaires mainly contained closed questions. The original questionnaire was prepared in English before it was translated to the farmers' local language (Amharic) and subsequently translated back into English by an external translator to check consistency. The final questionnaire was administered by face-to-face interviews. The English version of the questionnaire is available (Supplementary Material 1). All the 221 lactating crossbreed cows from selected herds were examined for body condition score by visual inspection. Body condition was scored in three levels: poor, good, and very good. The information on the levels of HFBL was estimated based on artificial inseminator records and history from the farmers.

Data were collected on herd-level and cow-level variables. Six herd-level variables referring to dairy farmers' personal characteristics and herd characteristics were studied (Table 1). Five of the variables were recorded in two levels. One variable, the level of feeding, was recorded in three levels according to the farmers' opinion.


Table 1. Herd-level variables potentially related to subclinical hypocalcemia in dairy farms of North-West Ethiopia as included in the questionnaire.
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Sixteen cow-level variables were selected as potential risk factors and consequences of SCH were included in the questionnaire (Table 2). Average lactation length, parity, and body condition score were recorded into three categories the rest 13 variables were in two levels.


Table 2. Cow-level variables potentially related to subclinical hypocalcemia in dairy farms of North-West Ethiopia as included in the questionnaire.
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Milk Production Losses

Forty-seven cows obtained from 12 dairy farms were used to estimate the reduction in milk yield due to SCH. Each cow was matched with another cow in breed, parity, and milk yield within a farm; if a cow had no mach in a farm that cow did not participate in the study. To control the effect of breed and management on milk yield, dairy farms that had “the same” breed and management were used and serum separated from blood samples as mentioned earlier. Serum calcium was measured by using an automated serum electrolyte machine that uses atomic absorption spectrophotometer (HumaLyte Plus5 Ion-Selective Electrolyte Analyzer) and Roche-986, UVL, Japan, 2014. Cows with a serum calcium of <2 mmol/l were considered subclinically hypocalcemic otherwise free of SCH (9). The 47 cows were grouped into two: cows with SCH (N = 8) and cows free of SCH (N = 39) based on the level of calcium in the serum. As there was no standardized milk yield recording scheme operating on dairy farms in the study area, the 47 cows were hand milked, and the milk was put separately in a bucket. The half a day milk yield was measured using calibrated milk measuring jar over 8 days period in both groups of cows. Although cows were milked two times daily, only the late-afternoon milking (half a day milking) was measured. The average daily milk production loss due to SCH was estimated by subtracting the average daily milk yield in cows with SCH from the average daily milk yield of cows without SCH over the eight-day period. Finally, this amount was multiplied by two (doubled) (Equation 1) to get the daily milk yield estimate.




Statistical Analysis

The data collected from 81 farms that were used to test for potential herd-level and cow-level risk factors were analyzed as follows. The univariable screening was done using mixed logistic regression models with a random herd effect. Correlations between pairs of independent variables were evaluated using the Spearman rank correlations. If two variables had a correlation coefficient of ≥ |0.7|, only one of the variables was included in the further multivariable analysis. Both herd-level and cow-level risk factors that were statistically significant at P < 0.25 in the univariate analyses were tested starting from the most significant variable by removing one variable at a time in the same multivariate multilevel logistic regression models using backward reduction. Variables in multivariable models with P < 0.1 from the Wald test were retained. All the two-way interactions between variables in the final multivariable models were tested, but no significant interactions were found. Confounding was checked during the model building process by evaluating the change in the beta estimate of other variables when a variable was removed from the models. If this change in beta estimate was > 30%, the variable was considered a confounder. Dystocia and retained placenta were strongly correlated with metritis (r = 0.78); therefore, these two variables were excluded from the analyses. The data analysis was performed using Stata release14 (StataCorp LLC, USA).



Calculation of Economic Losses

Economic losses of SCH were estimated after estimating the average daily milk production losses of SCH by subtracting the average daily milk yield in cows with SCH from the average daily milk yield of cows without SCH over the 8 days period. Costs of SCH were calculated based on the average daily milk production loss due to SCH per cow in combination with information obtained from the questionnaire. As farmers did not have the information on the average daily milk production loss, we used the half-a-day milk yield measurement over the 8 days to estimate the average daily milk production losses associated with SCH. Economic losses were determined as costs per cow per lactation. To estimate these costs, we made the following assumptions:

1. Because the parity of cows was generally unknown to the farmers, all SCH animals were considered to occur in the same average parity.

2. Because dairy farmers did not have any cow records, lactation length was uncertain. Therefore, the costs of SCH per lactating cow were estimated at an average lactation length of 269 days.

3. The milk production level was considered constant throughout lactation.

4. Milk yield in the morning milking was considered equivalent to milk yield in the afternoon milking.

Cows with blood total calcium threshold <2 mmol/l were considered subclinical hypocalcemic (9).

[image: image]

Where:

ADMLCSCH = Average daily milk production losses per cow associated with SCH based on the half a day milk yield measurement over 8 days

DMYCȼSCH = Total half a day milk yield in liter in cows without SCH over an eight-day period

NCȼSCH= Number of cows without SCH

DMYCSCH = Total half a day milk yield in liter in cows with SCH over an eight-day period

NCSCH = Number of cows with SCH

Economic losses as a result of the reduction in milk yield associated with SCH per cow per day was estimated as
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Where:

ELCDSCH = Economic losses associated with SCH per cow per day

ADMLCSCH = Average daily milk production losses per cow associated with SCH based on the half a day milk yield measurement over 8 days

PM = The average price of milk per liter in Ethiopian Birr (ETB) during the study period

Economic losses per cow per lactation as a result of the reduction in milk yield associated with SCH was estimated as
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Where:

ELCLSuM = Economic losses per cow per lactation associated with SCH

ELCDSCH = Economic losses associated with SCH per cow per day

LL = Lactation length

Milk prices used in the calculations were derived from a questionnaire survey that was conducted among the owners of the participating farms. Data used to calculate costs of SCH are available in Supplementary Material 2.




RESULTS


Descriptive Statistics

The prevalence of SCH was 20.3% (51/221, 90% CI = 18.6–28.1%). There was a great variation in the prevalence of SCH among the different groups of cows. The highest prevalence of SCH was estimated in cows with poor body condition (40%) while the lowest was in cows with metritis (4.17%). Based on the univariate logistic regression analysis, six of the variables were significantly associated with SCH (p < 0.25) (Table 3).


Table 3. Descriptive statistics and univariate associations (P < 0.025) between potential risk factors and subclinical hypocalcemia (N = 221) with a random herd effect in dairy farms of North-West Ethiopia.
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Factors Associated With Subclinical Hypocalcemia

Four variables were excluded from the final multivariate model. Grazing on pasture, membership to dairy cooperative, feeding meeting and above the cows' requirement (based on farmers' opinion), and previous experience of metritis reduced the odds of SCH (Table 4).


Table 4. Final multivariate mixed logistic regression models describing the association (P < 0.05) between risk factors and subclinical hypocalcemia based on data on 221 cows of 81 dairy farms in North-West Ethiopia and modeling a random herd effect.
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Costs of Subclinical Hypocalcemia

Cows with and without SCH had an average daily milk yield of 9.45 and 9.90 L, respectively, as estimated by half-a-day milk yield measurement of 8 days. The minimum, average, and maximum values of the most important input items and economic loss associated with SCH are shown in Table 5. Daily milk yield of cows and milk price varied largely between farms.


Table 5. Descriptive statistics of model input parameters and economic loss associated with subclinical hypocalcemia based on half-a-day milk yield measured on 8 days in 47 Holstein Friesian × Zebu crossbreed lactating cows on 12 dairy farms in North-West Ethiopia.
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DISCUSSION


Prevalence of Subclinical Hypocalcemia

The objectives of this study were to estimate prevalence, identify factors associated with SCH, and estimate average economic losses associated with reduced milk production as a result of SCH in urban and periurban dairy farms keeping Holstein Friesian × Zebu crossbreed lactating dairy cows in Northwestern Ethiopia.

The prevalence of SCH was 20.3%. We collected samples regardless of the stages of lactation although the prevalence of SCH is expected to be high at the early stages of lactation (22). Therefore, the prevalence of SCH in the current would be much higher if the sampling were done at the early stage of calving, particularly in the first 48 h (9). To our knowledge, there are no studies on SCH in Ethiopia and other developing countries even though SCH is more common in dairy farms (23, 24) and is responsible for large economic losses than the clinical form (24). Higher milk yield in high-producing dairy cows leads to increased metabolic demand on the cow (4), resulting in an increased incidence of metabolic disorders (5). Therefore, it was not surprising to find the prevalence of 20.3% of SCH in the study farms which keep improved, high producing animals. Researchers from many parts of the world described that hypocalcemia (both clinical and subclinical) occur most commonly at the early stage of lactation (22, 25). For instance, Reinhardt et al. (9) from the United States of America reported a prevalence of SCH varying from 25 to 54%. However, the report was based on data at early lactation and there is a difference in production system and breed of cows that made comparison impossible.



Risk Factors of Subclinical Hypocalcemia

Grazing on pasture, level of feeding, metritis, and membership to dairy farmers' cooperative were associated with SCH. It is not surprising to find lower odds of SCH in herds grazing on pasture compared to herds that did not graze on pasture as a low calcium diet promotes efficient resorption of calcium from bone and absorption from the small intestine. Cows that were, according to the farmers, fed above their requirement had lower odds of SCH. This might be due to the fact that dairy farmers may feed dietary calcium that was enough to meet their cows' requirements. Feeding low calcium diets in the late dry period activate calcium homeostatic mechanisms, and the cow is thus capable of absorbing calcium more efficiently from the intestine and drawing calcium from the bone around the time of calving (20). However, there is no availability of formulated rations sufficiently low in calcium in the Northwestern Ethiopian market to implement the low-calcium principle. Alternatively, these farmers can prevent SCH by feeding their cows calcium-rich rations 3–4 days before parturition, vitamin D supplementation, reducing the dietary cation-anion difference, and magnesium supplementation in the late gestation period (4).

In this study, metritis was found to be associated with reduced odds of SCH. Hypocalcemia impairs immune function and muscle contraction (18). In such a situation, metritis is more prone to occur (26). Martinez et al. demonstrated that cows with low calcium at least once between 0 and 3 days in milk had 4.5-fold increased odds of metritis (26). In a recent study in multiparous cows, Rodríguez et al. (27) also found greater odds of SCH in cows with metritis. Contradictory to many reports, in this study, cows with metritis have lower odds of SCH. This could be due to unobserved confounding in our analysis.

Membership to dairy cooperatives reduced the odds of SCH. Farms registered in dairy cooperatives had a better opportunity of getting training about different health problems of dairy cows. It can also be explained in relation to the experience in dairy farming. Farmers register in dairy cooperatives when their experience in dairy management is enough to decide to continue in dairy farming. In our study, we used serum electrolyte analysis which is not a perfect test to identify the true status of SCH, with both the imperfect sensitivity and specificity. Therefore, the strength of the associations between independent and dependent variables has probably been underestimated suggesting that some risk factors could not be identified.



Costs of Subclinical Hypocalcemia

People first have to consider they have a problem before they will be motivated to solve that problem (28). Accordingly, one of the first prerequisites for dairy farmers to implement measures to control SCH is creating awareness that SCH is an economic problem. It is, however, less likely that Northwestern Ethiopian dairy farmers are aware of SCH as costly, and even may not know SCH as a problem at all. To our knowledge, there has never been a study that estimated the economic losses associated with SCH and milk fever in Ethiopia. By estimating the economic impact of hypocalcemia, it may be possible to motivate the prevention of hypocalcemia in Ethiopia.

The average economic losses associated with SCH were 11.25 ETB (1 ETB = 0.023 US Dollar) and 3,026.25 ETB per cow per day and per lactation, respectively. Although we tried to base the estimate of the costs of SCH as much as possible on actual data, it was not possible to obtain all the needed data from this study. Therefore, we had to make assumptions, for instance, it was assumed that milk production level was considered constant throughout lactation. Because of this assumption, there could be potentially under or overestimation of the economic impacts of SCH. Moreover, converting the 8 days measurement of SCH toward a whole year would impact the precision of the estimate of the economic losses associated with SCH. As there is no previous study that estimated economic losses associated with SCH in Ethiopia, it was not possible to compare the estimate in this study with the economic losses associated with SCH in other previous studies. However, as most of the input values in this study were based on data collected directly from cows and dairy farmers, the study gives valuable insight into the economic impacts associated with SCH.

It is less likely that Ethiopian dairy farmers are aware of the existence of SCH because there is no routine measurement of calcium level or any other parameters to monitor SCH. In a situation where farmers are neither aware of the prevalence nor of the economic consequences of SCH, it is unlikely that farmers will make efforts to prevent milk SCH. Therefore, counseling dairy farmers about the impact of SCH and the potential profit of milk fever control measures is important to motivate and change in behavior of dairy farmers to improve health of dairy cows. Moreover, dairy farmers should be informed about the importance of feeding cows with diets low in calcium in the late dry period and/or calcium-rich rations 3–4 days before parturition, vitamin D supplementation, and magnesium supplementation in the late gestation period in preventing SCH. Even though it was not possible to compare with previous results, the prevalence of SCH was high in Northwestern Ethiopian dairy farms. Few risk factors were associated with SCH indicating the importance of a better understanding of factors that predispose to deficiency of calcium in Holstein Friesian × Zebu crossbreed cows in North-West Ethiopia. Milk production losses estimated in this study were moderate. However, the economic estimate had shown that Northwestern Ethiopian dairy farmers are losing larger income due to SCH. The results in this study may be useful to aware other smallholder dairy farmers with low milk yields in Ethiopia and other countries with similar circumstances.




DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



ETHICS STATEMENT

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

SM and WJ conceived the study and did the statistical analysis, and economic models. SM, ZA, and SS collected the data. ZA and SS collected the samples and did the laboratory work. SM, TF, WM, and WJ supervised the project administration. ZA and SM prepared the original draft. All the authors revised and edited the manuscript and approved the final version of the manuscript for submission to a journal.



FUNDING

This study was financially supported by the University of Gondar, Ethiopia with grant Ref. No. CVMAS 13/1103/03/11.



ACKNOWLEDGMENTS

We would like to thank the dairy farmers participating in this study and the animal attendants for assisting us during sampling. Ato Mulu Birhan, Chairman of the Lamebora dairy cooperative, deserves special appreciation for motivating dairy farmers to participate in the study. We are thankful to Sewagegn from Aryam Health Clinic, Gondar, for allowing the laboratory facility and for guiding the laboratory work.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fvets.2022.771889/full#supplementary-material



REFERENCES

 1. Central Statistical Agency. Agricultural sample survey, 2016/17, Volume II: Report on livestock and livestock characteristics. Statistical Bulletin 585, Central statistical agency. Addis Ababa, Ethiopia:Federal democratic republic of Ethiopia (2017).

 2. Tegegne A, Gebremedhin B, Hoekstra D, Belay B, Mekasha Y. Smallholder dairy production and marketing systems in Ethiopia: IPMS experiences and opportunities for market-oriented development. IPMS (Improving Productivity and Market Success) of Ethiopian Farmers Project Working Paper 31. Nairobi: ILRI (2013).

 3. Getabalew M, Alemneh T, Akeberegn D. Dairy Production in Ethiopia - Existing Scenario and Constraints. Biomed J Sci Tech Res. (2019) 16:12304–9. doi: 10.26717/BJSTR.2019.16.002903

 4. Goff JP. The monitoring, prevention, and treatment of milk fever and subclinical hypocalcemia in dairy cows. Vet J. (2008):176:50–7. doi: 10.1016/j.tvjl.2007.12.020

 5. Mulligan FJ, Doherty ML. Production diseases of the transition cow. Vet J. (2008):176:3–9. doi: 10.1016/j.tvjl.2007.12.018

 6. Lean IJ, DeGaris PJ, McNeil DM, Block E. Hypocalcemia in dairy cows: meta-analysis and dietary cation anion difference theory revisited. J Dairy Sci. (2006) 89:669–84. doi: 10.3168/jds.S0022-0302(06)72130-0

 7. Mulligan FO, Grady L, Rice D, Doherty M. Production diseases of the transition cow: Milk fever and subclinical hypocalcaemia. Irish Vet J. (2006) 59:697–702.

 8. DeGaris PJ, Lean IJ. Milk fever in dairy cows: a review of pathophysiology and control principles. Vet J. (2009) 176:58–69. doi: 10.1016/j.tvjl.2007.12.029

 9. Reinhardt TA, Lippolis JD, McCluskey BJ, Go? JP, Horst RL. Prevalence of subclinical hypocalcaemia in dairy herds. Vet J. (2011) 188:122–4. doi: 10.1016/j.tvjl.2010.03.025

 10. Wilhelm AL, Maquivar MG, Bas S, Brick TA, Weiss WP, Bothe H, et al. Effect of serum calcium status at calving on survival, health, and performance of postpartum Holstein cows and calves under certified organic management. J Dairy Sci. (2017) 100:3059–67. doi: 10.3168/jds.2016-11743

 11. Kimura K, Reinhardt TA, Goff JP. Parturition and hypocalcemia blunts calcium signals in immune cells of dairy cattle. J Dairy Sci. (2006) 89:2588–95. doi: 10.3168/jds.S0022-0302(06)72335-9

 12. Oltenacu P, Ekesbo I. Epidemiological study of clinical hypocalcemia in dairy cattle. Vet Res. (1999) 25:208–12.

 13. Földi J, Kulcsar M, Pecsi A, Huyghe B, de Sa C, Lohuis JACM, et al. Bacterial complications of postpartum uterine involution in cattle. Anim Reprod Sci. (2006) 96:265–81. doi: 10.1016/j.anireprosci.2006.08.006

 14. Anteneh S, Guadu T, Fentahun T, Chanie M. Incidence of Milk Fever on Dairy Cows and its Risk Factors in Gondar Town, Northwest Ethiopia. Int J Nat Sci. (2012) 4:104–7. doi: 10.3329/ijns.v2i4.13287

 15. Ayele G, Mekibib B, Sheferaw D. Major postpartum problems of dairy cows managed in small and medium scale production systems in Wolaita Sodo, Ethiopia. Afr J Agric Res. (2014) 9:2775–80. doi: 10.5897/AJAR2013.7946

 16. Fasil N, Juta TS, Sheferaw D. Major Health Challenges of Dairy Cattle in Hawassa Town SNNPRS, Ethiopia. Vet Sci Tech. (2016) 7:367. doi: 10.4172/2157-7579.1000367

 17. Akalu A. Status of Parturient Paresis (Hypocalcaemia and Milk Fever) on Dairy Farm in Addis Ababa City, Ethiopia. Eur J Appl Sci. (2017) 9:6–10. doi: 10.5829/idosi.ejas.2017.06.10

 18. Murray RD, Horsfield JE, McCormick WD, Williams HJ, Ward D. Historical and current perspectives on the treatment, control and pathogenesis of milk fever in dairy cattle. Vet Rec. (2008) 163:561–5. doi: 10.1136/vr.163.19.561

 19. Houe H, Ostergaard S, Thilsing-Hansen T, Jorgensen RJ, Larsen T, Sorensen JT, et al. Milk fever and subclinical hypocalcaemia- an evaluation of parameters on incidence risk, diagnosis, risk factors and biological effects as input for a decision support system for disease control. Acta Vet Scand. (2001) 42:1–29.

 20. Oetzel GR. Meta-analysis of nutritional risk factors for milk fever in dairy cattle. J Dairy Sci. (1991) 74:3900–12. doi: 10.3168/jds.S0022-0302(91)78583-4

 21. Seifi HA, Mohri M, Zadeh JK. Use of pre-partum urine pH to predict the risk of milk fever in dairy cows. Vet J. (2004) 167:281–5. doi: 10.1016/S1090-0233(03)00114-X

 22. Seifi SA, Kia S. Subclinical Hypocalcemia in Dairy Cows: Pathophysiology, Consequences and Monitoring. Iranian J Vet Sci Technol. (2018) 9:1–5. doi: 10.22067/VETERINARY.V9I2.69198

 23. Roche JR. The incidence and control of hypocalcaemia in pasture-based systems. Acta Vet Scand Suppl. (2003) 97:141–44.

 24. Oetzel GR. Non-infectious diseases: Milk fever. In: Encyclopedia of Dairy Sciences. Fuquay JW, McSweeney PLH. ed. San Diego: Academic Press, (2011).

 25. Abuom TO, Njenga MJ, Wabacha JK, Tsuma VT, Gitau GK. Incidence and risk factors of periparturient conditions in smallholder dairy cattle herds in Kikuyu Division of Kiambu District, Kenya Ethiopia. Vet J. (2012) 16:85–102. doi: 10.4314/evj.v16i2.8

 26. Martinez N, Risco CA, Lima FS, Bisinotto RS, Greco LF, Ribeiro ES, et al. Evaluation of peripartal calcium status, energetic profle, and neutrophils function in dairy cows at low or high risk of developing uterine disease. J Dairy Sci. (2012) 95:7158–72. doi: 10.3168/jds.2012-5812

 27. Rodríguez EM, Arís A, Bach A. Associations between subclini-cal hypocalcemia and postpar-turient diseases in dairy cows. J Dairy Sci. (2017) 100:7427–34. doi: 10.3168/jds.2016-12210

 28. Janz NK, Becker MH. The health belief model: a decade later. Health Educ Q. (1984) 11:1–47. doi: 10.1177/109019818401100101

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Mekonnen, Alelgn, Saudik, Molla, Fentie and Jemberu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fvets-09-771889-t005.jpg
Parameter

Daily milk yield of cows
without SCH? (in L)

Daily milk yield of cows
with SCH (n L)

Average lactation length

Price of milk per liter
during the study period

Total Calcium ion (mmol/L)
Reduction in milkk
prodution per day in
SCH cows (in L)
Economic loss per cow
per day in ETB"
Economic loss per cow
per lactation in ETB

aSubclinical hypocalcemia.

Minimum

30
23

0.82

DEthiopian Birr (1 ETB = 0.023 US Dollar).

Average

9.90

945

269
25

178

045

11.25

3,026.25

Maximum

26

25

450
27

252

27

12,150





OPS/images/math_1.gif
o DMYegsen _ Ty DMYosany, ()
Negscn % 8 Negscu < 8

ADMLescr





OPS/images/fvets-09-771889-t003.jpg
Variable

Herd size

Membership to dairy cooperative

Pasture grazing

Opinion on the level of feeding

Deworrming status

Average lactation length in (months)

Advice about milk fever

Exotic breed blood level

Parity

Lameness

Metritis.

Retained placenta

Uterine prolapse

Abnormal vaginal discharge

Dystocia

Abortion

Milk fever

Clinical ketosis

Mastitis

Milk yield per cow(iter)

Pregnant status

Body condition score

#Subclinical hypocalcemia.
b0dds ratio.

“Confidence interval.
9Reference category.

Level

< 5 animals
6-0 animals
> 9 animals
No
Yes
No
Yes
Below
Meet
Above
No
Yes
1-7
89
=10
No
Yes
<50
>50
1time
2 times
=3 times
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
<9
>9
No
Yes
Poor
Good
Very good

Number of animals examined

36
8
9%
113
108
185
36
E
150
18
a1
174
52
68
101
45
176
72
149
51
56
114
196
2
197
2%
182
39
218

177
44
194
27
180
41
211
10
212

168

1
110
132
89

108
108

SCH? (%)

9(25)
25 (28)
17(18)

31(27.49)

20 (18.52)

46 (24.86)

5(13.89)

19 (35.85)

29(19.39)

3(16.67)

9(19.15)

42 (24.14)

11 (21.15)

15 (22.06)

25 (24.75)

8(17.78)

43 (24.43)

14 (19.44)

37 (24.89)

11(21.57)

11 (19.64)

29 (25.44)

44 (22.45)
7(8)

50 (25.38)
1(8.17)

39 (21.49)

12 (30.77)

50 (23.47)
1(12.5)

42 (23.79)

9(20.45)

48 (24.74)

3(11.11)

43 (23.89)

8(19.51)

49 (28.22)
2(20)

49 (23.11)

2(22.22)

41(24.4)

10 (18.87)

24 (21.62)

27 (24.55)

29(21.97)

22(24.72)
2(40)

23 (21.29)

26 (24.07)

OR® (75% CI°)

Ref.d

1.17 (0.69-1.97)

065 (0.38-1.11)
Ref.

0.60 (0.41-0.87)
Ref.

0.49 (0.27-0.89)
Ref.

0.43 (0.20-0.64)
0.358 (0.16-0.79)
Ref.

1.34 0.84-2.16)
Ref.

1.05 (0.63-1.77)
1.23 (0.76-1.97)
Ref.

1.49 (0.91-2.45)
Ref.

1.87 (091-2.05)
Ref.

0.89 (051-1.54)
1.24 (0.78-1.97)
Ref.

1.34 (0.78-2.39)
Ref.
0.13(0.04-0.42)
Ref.

1.63 (1.04-2.56)
Ref.

0.47 (0.13-1.62)
Ref.

0.83 (051-1.33)
Ref.

0.38 (0.18-0.79)
Ref.

0.77 (0.47-1.27)
Ref.

083 (0.38-2.09)
Ref.

0.95 (0.37-2.44)
Ref.

0.72 (0.46-1.13)
Ref.

1.18 (0.82-1.70)
Ref.

1.17 (0.80-1.69)
Ref.

0.41 (0.14-1.20)
0.48 (0.16-1.40)

P value

0.72
0.36

012

0.012
0.14

0.47

0.91
0.62

0.36

0.37

0.81
0.59

0.54

0.05

0.21

0.48

0.65

0.55

0.81

0.95

0.41

0.61

0.63

0.34
0.43





OPS/images/fvets-09-771889-t004.jpg
Variable

Grazing on pasture

Opinion on level of
feeding requirement

Metritis

Membership to dairy
farm association

20dds ratio.
bConfidence interval.
©Reference category.

Level

No
Yes

Below requirement

Meet the requirement
Above the recuirement
No
Yes
No

Yes

OR® (90% CIb)

Ref.s
0.30 (0.12-0.74)
Ref.

037 (0.19-0.68)
0.19(0.06-0.65)
Ref.
0.12(0.02-0.67)
Ref.

0.54 (0.31-0.96)

P value

0.08

0.01

0.03

0.04

0.08





OPS/images/math_2.gif





OPS/images/math_3.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Reduced Milk Production, Economic Losses, and Risk Factors Associated to Subclinical Hypocalcemia in Holstein Friesian × Zebu Crossbreed Cows in North-West Ethiopia



		Introduction



		Materials and Methods



		Study Area



		Study Herds and Cows



		Study Design



		Selection of Cows for Prevalence and Risk Factor Study



		Design of the Questionnaire and Study Variables



		Milk Production Losses









		Statistical Analysis



		Calculation of Economic Losses







		Results



		Descriptive Statistics



		Factors Associated With Subclinical Hypocalcemia



		Costs of Subclinical Hypocalcemia







		Discussion



		Prevalence of Subclinical Hypocalcemia



		Risk Factors of Subclinical Hypocalcemia



		Costs of Subclinical Hypocalcemia







		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Veterinary Science

Reduced Milk Production, Economic
Losses, and Risk Factors Associated
to Subclinical Hypocalcemia in
Holstein Friesian x Zebu Crossbreed
Cows in North-West Ethiopia





OPS/images/fvets-09-771889-t001.jpg
Group variables

Farmer's characteristics

Herd characteristics

Variable

Membership of a dairy
cooperative

Receiving expert advice
about hypocaloemia

Herd size

Level of feeding

Use of pasture grazing
Deworming experience

level

No/Yes

No/Yes

<5 animals, 6-9
animals, and >9
animals

Below the requirement
Meet the requirement
Above the requirement
No/Yes

NorYes





OPS/images/fvets-09-771889-t002.jpg
Variables

Exotic breed blood level
Parity

Lameness

Metritis

Retained placenta

Uterine prolapse

Abnormal vaginal discharge
Abortion

Dystocia

Mastitis

Milk fever

Clinical ketosis

Average lactation length in months
Average milk yield per day
Pregnant status

Body condition score

Level

<50, >50
1,2,>3
NorYes
NorYes
No/Yes
NorYes
NorYes
NorYes
No/Yes
NorYes
No/Yes
NorYes
1-7,8-9, 210
<9,>9
NorYes

Poor, Good, Very Good










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Veterinary Science





