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Abstract
Dairy business depends upon calf progeny and successful calf rearing is vital for livestock production and sustainability. Early life of calves is challenging and demands good husbandry practices. In dairy farming, male calves are usually reared for beef production and ignored as compared to female calves. Worm infestation is major threat in early life for survival in calves. The current study was designed to find out risk factors (age, sex and husbandry practices) responsible for worm infestation in Sahiwal calves. Sahiwal calves were selected from different farms in Tehsil Faisalabad for this study. With the help of pretested & well validated questionnaire, information regarding age, sex, drinking water, mangers, water troughs condition, animal bedding, condition of floor, housing, feeding, skin condition, belly condition, history regarding diarrhea, pica, teeth grinding, hydration status and deworming were collected. Using McMaster technique, fecal samples were examined for number of eggs per gram (EPG). It was observed that age had significant effect on worm infestation while sex had non-significant effect. Mud floor, grazing, unclean mangers and water troughs, cracks and crevices in walls, dung heaps were the associated risk factors of worm infestation. 
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Introduction
Livestock sector contributed 60.5 percent and 11.2 percent in agricultural and total GDP of Pakistan during 2018-19, respectively. Estimated cattle population was 47.8 million heads while buffalo population was 40 million heads with annual growth rate of 3.69 and 3.09 in the country during 2018-19, respectively. Cattle and buffalo contribution in total milk production in the country was 57, 871 thousand tons out of total 59, 759 thousand tons [1]. Dairy production is a significant bustle, particularly in light of the fact that milk has health benefits and it is devoured by the vast majority in the world [2]. Cattle is intensively reared, most developed and profitable enterprise. It is not only improving nutritional status but also contributing in economies of developing countries and providing support to small farmers as well as landless farmers [3]. Livestock sector is contributing in financial growth by creating job opportunities for various people involved in this business directly and indirectly. The importance of draught work in rural areas is not ignored and manure from animals is used as biological fertilizer.  By products in shape of hides and skins from livestock industry provides raw material for leather industry [4].
Dairy business depends upon calf progeny and its expansion needs to rear calves on scientific basis. The accomplishment of dairy business depends on good managemental practices and survival of the calf progeny produced [5]. Most important features in terms of calf management includes health management as well as provision of appropriate and well balanced nutrition which not only backing dairy industry but also preserve the good genetic material in terms of calves [6].
Early life of calf considered the most dangerous period for survival as the death cases are high during early years with deleterious effects on the economics of a dairy farm and its sustainability becomes questionable. Most death cases are reported with the symptoms of respiration and scours during starting life of calves [7]. The problem of worm infestation is usually neglected by farmer as apparently calves are healthy but have latent effect in terms of production performance. In addition, worm infestation decrease immunity so that calves are more vulnerable to other diseases which may lead to increase cost in terms of treatment and decrease value of the animal causing economic burden to a dairy farmer [8]. Worm Infestation usually categorized as production problem resulted due to low feed intake, scours and mortality in some cases [9]. Elevated feeding costs along with higher mortality rates in preweaning phase are the main hurdles to enhance productivity, resulting reduced number of heifer and bull calves available for raising to produce meat and milk [10]. 
Worm infestation is common in Pakistan, costing the dairy industry more than $26.5 million each year [11]. Worm infestation not only causes hindrance in animal growth and performance but also impact on expansion of this sector in the country. As a result, cost of animal increase due to slow growth, decrease production, rejection of various edible parts and hides which in terms decrease revenue causing major impact in economy [12]. 
Most of information in respect of worm infestation and risk factors in cow calves is available from other cow raising countries. There is a little information regarding worm infestation in Sahiwal calves in our local management conditions. Thus, the study was planned to sort out the occurrence and allied threats associated with worm infestation in Sahiwal calves under different management conditions.
Material and Methods
Animals and research design
The sample size was calculated as described by Thrusfield 2007 [13]. Three groups were made i.e., A, B and C. In each group seventy Sahiwal calves (70) were randomly selected from dairy farms, peri urban and rural areas. These were categorized as farm (category A), peri- urban (category B) and rural level (category C). With the help of pretested & corroborated questionnaire, information regarding drinking water, mangers and water troughs condition, animal bedding, condition of floor, housing, skin condition, belly condition, history of scour, teeth grinding, hydration status of calves, pica, use of anthelmintic and ongoing husbandry practices were obtained. 
Collection of fecal samples
To avoid injury and keeping in view the welfare prospect, stool samples were obtained after proper restraining of animals with adoption of all possible hygienic measures. After wearing gloves and with the help of liquid paraffin, samples were obtained from rectum. If there were no fecal material then with the help of finger rectal mucosa was stimulated. Samples were obtained measuring 5-10 gm and then kept in labeled zip-locked bags. Samples were analyzed as early as possible after collection. If fresh sample was unable to analyze then 10% formalin was added for preservation and then transferred to a refrigerator at 4–6 °C and analyzed within 7 days. Fresh stool samples from floor surface were also acquired after defecation.
Analysis of fecal samples    
Stool samples were analyzed in the lab of Livestock Management, UAF. Total eggs per gram of feces (EPG) were calculated by McMaster technique [14].
Statistical analysis
The collected data was studied with the help of frequency, percentage of animals that were infested with worms and subjected to chi square test using IBM SPSS (25) software package.
Results & discussion
Sahiwal calves were kept under different management conditions at farm, peri urban and rural level. It was observed that no farm was using cages for calf rearing and calves were reared on floor. Calf pen were used at farm (100%) and peri urban level (71.4%). Dung heap was present at farm surrounding in peri urban (72.86%) and rural level (95.71%). Observations noted regarding crack and crevices were (20%), (71.42%) and (87.14%) for farm, peri urban and rural level, respectively. It was observed that 12 (17.14%), 51 (72.86%), 11 (15.71%) calves were reared on paved floor using bricks at farm, peri urban and rural level respectively while 58 (82.86%) and 19 (27.14%) animals were reared on concrete floor at farm and peri urban level while concrete floor is not common at village level. (Table 1)
	
	Calf housing
	Shed condition 
	Floor condition 

	
	Raising on floor
	Calf pen
	Cage used
	Dung heap near shed 
	Cracks in Walls
	Paved using brick
	Concrete
	Kacha Floor

	
	
	
	
	
	
	
	
	

	
	No.
	(%)
	No.
	(%)
	No.
	(%)
	No.
	(%)
	No.
	(%)
	No.
	(%)
	No.
	(%)
	No.
	(%)

	Farm Level
	70
	100
	70
	100
	0
	0
	0
	0
	14
	20
	12
	17.14
	58
	82.86
	0
	0

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Peri-Urban
	70
	100
	50
	71.4
	0
	0
	51
	72.86
	50
	71.42
	51
	72.86
	19
	27.14
	16
	11.2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Rural
	70
	100
	9
	12.86
	0
	0
	67
	95.71
	61
	87.14
	11
	15.71
	0
	0
	59
	84.28


Table 1: Housing of Sahiwal calves under different floor conditions

At farm and peri urban level, no grazing offered to animals while at rural level 45 (64.28%) animals were fed through stall feeding and 25 (35.71%) animals were fed through both stall and grazing system. (Table 2)
	
	Feeding System
	Teat Washing before Suckling
	Bedding used
	Kind of water offered for drinking

	
	Grazing
	Stall Feeding
	Stall+ Grazing
	
	
	Water (ground)
	Pound / Canal Water

	
	No.
	(%)
	No.
	(%)
	No.
	(%)
	No.
	(%)
	No.
	(%)
	No.
	(%)
	No.
	(%)

	
Farm Level
	0
	0
	70
	100
	70
	100
	70
	100
	0
	0
	70
	100
	0
	0

	
Peri-Urban
	0
	0
	70
	100
	0
	0
	63
	90
	0
	0
	70
	100
	0
	0

	
Rural
	0
	0
	45
	64.28
	25
	35.71
	60
	85.7
	0
	0
	62
	88.57
	8
	11.42









Table 2: Husbandry practices studied for Sahiwal calves at all levels
Most of the farmers practiced teat washing before suckling of calves. Most of the farmers not using any bedding material although sand was used in resting area. At farm and peri-urban level, ground water was used for drinking of animals while at rural level animals drink canal water during grazing at rural level.
At farm level there was regular routine of cleaning managers. Most feeding mangers at farm level were relatively clean and free of dung/soil then peri urban and rural level (Table 3).
	Farm
	Condition of manger
	 Cleaning frequency of manager
	Condition of Water trough
	Frequency of Water Change

	
	Clean
	Dirty
	Clean Weekly
	No Schedule
	Clean
	Dirty
	Weekly
	None

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	No
	(%)
	No
	(%)
	No
	(%)
	No
	(%)
	No
	(%)
	No
	(%)
	No
	(%)
	No
	(%)

	Farm Level
	70
	100
	0
	0
	70
	100
	0
	0
	70
	100
	0
	0
	70
	100
	0
	0

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Peri-Urban
	54
	77.14
	16
	22.85
	55
	78.57
	15
	21.42
	57
	81.42
	13
	18.57
	70
	100
	0
	0

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Rural
	22
	31.42
	48
	68.57
	12
	17.14
	58
	82.86
	10
	14.29
	60
	85.71
	70
	100
	0
	0


Table 3: State of water trough and manger

There was no fungal growth observed at any level during current study. It was noted that at farm level specific schedule was observed for cleaning of manger area but no schedule was followed at rural level. All farms offered fresh water on daily basis. Cleaning of water troughs were practiced usually after one week of interval.
Farmers were using dewormer to control worm infestation in all three levels as described in Table 4 but regularity of deworming was fluctuates at different levels. It was observed that at peri-urban and rural level use of anthelmintics was practiced during once in a year in all group of animals whereas at farm level deworming were used twice during a year in all animals. Moreover, group of anthelmintic drug was changed to enhance its effect on different worms and to ensure good results in animals. 
	
	Use of Anthelminthic
	Frequency of Anthelminthic
	Use of Antiseptics
	Kind of Antiseptic
	Using Frequency

	
	
	Once
	Twice
	
	KMNO4
	Lime
	Weekly
	After 15 Days

	
	

No
	

%
	

No
	

%
	

No
	

%
	

No
	

%
	

No
	

%
	

No
	

%
	

No
	

%
	

No
	

%

	Farm Level
	
70
	
100
	
0
	
0
	
70
	
100
	
70
	
100
	
0
	
0
	
70
	
100
	
0
	
0
	
70
	
100

	Peri-Urban
	
70
	
100
	
65
	
95.86
	
5
	
7.14
	
11
	
15.71
	
0
	
0
	
70
	
100
	
0
	
0
	
0
	
0

	Rural
	
70
	
100
	
70
	
100
	
0
	
0
	
4
	
5.71
	
0
	
0
	
70
	
100
	
0
	
0
	
0
	
0


Table 4: Use of Anthelminthic and Antiseptics

At farm, peri-urban and rural level antiseptic was used without any specific schedule in water troughs as well as in various routine procedures where necessary. It was noted that
antiseptic usually used in all levels were lime used to sprinkle in water troughs to avoid growth of harmful microorganisms but there were no specific schedule in rural and peri urban level. After every 15 days lime was used as antiseptic to check growth of fungus and other harmful organisms in water troughs. It was also observed that Potassium per magnate was not being used in daily routine procedure at any farm.
Many calves were observed with the symptoms of pica at different level. Nonetheless pica described the insufficiency of minerals, but worm infestation enhances mineral deficiency and lead to pica which may predispose the animal for other ailments. During study it was observed that many calves were showing the symptoms of pot belly, dehydration, scour, anorexia, loss of body condition, distended belly and teeth grinding which indirectly indicates that effected animal might be suffering from worm load leading to deleterious effect on growth and development (Table 5).

	
	Loss of Condition
	Scour
	Pot belly
	Teeth grinding
	Dehydration
	Pica

	
	No
	%
	No
	%
	No
	%
	No
	%
	No
	%
	No
	%

	Farm Level
	12
	17.14
	9
	12.86
	5
	7.14
	6
	8.57
	10
	14.28
	11
	15.71

	Peri-Urban
	17
	24.28
	11
	15.71
	10
	14.28
	8
	11.4
	7
	18.57
	16
	22.86

	Rural
	24
	34.29
	17
	24.29
	18
	25.71
	16
	22.86
	19
	27.14
	20
	28.57


Table 5: Use of Anthelminthic and Antiseptics




It was observed that worm load was lower at farm and peri urban level as compared with rural level which showed highest EPG count than farm and peri urban level as described in Table 6.
	
	Eggs per gram (EPG)

	
	EPG 1-400
	EPG 401-800
	EPG 801-1200
	EPG 1201-1600
	EPG 1601 or more

	
	No
	%
	No
	%
	No
	%
	No
	%
	No
	%

	Farm Level
	9
	12.85
	5
	7.14
	3
	4.29
	1
	1.43
	0
	0

	Peri-Urban
	13
	18.57
	6
	8.57
	4
	5.71
	2
	2.86
	1
	1.43

	Rural
	21
	30
	14
	20
	9
	12.85
	5
	7.14
	3
	4.29



Table 6: EPG describing worm load between various farm conditions
The observation noted during study was similar as described by Sriasih et al. 2021 [15], Nurcahyo et al. (2021) [16], Conceicao et al. (2021) [17], Kimeli et al. (2020) [18], Adelakun et al. (2020) [19], Aimen et al. (2018) [20], Berihu Haftu (2014) [21], Bilal et al. (2009) [13] that grazing may influence worm infestation as compared with animals reared at farm without provision of grazing. Worm load in terms of EPG was high in animals on grazing as compared with animals without grazing. Grazing was offered only at rural level and it influence the occurrence rate of worm infestation as described by many researchers.
At rural and peri urban level, activity of deworming was observed only once in a year so worm intensity in terms of EPG was noted high as compared with farm level where deworming in animals was done twice during a year with change of dewormer salt which in terms beneficial for decreasing worm load and help to increase weight gain and overall good health of animals. The same observation was illustrated by Nurcahyo et al. (2021) [15] that animal receiving dose of dewormer showed lower occurrence rate and worm load was lower as compared with those animals that did not receive any dewormer dose and showed higher occurrence rate. It was observed that at farm level, neonatal calves were dewormed and injected against the internal and external parasites within 1 month of age to protect the ill effect of worms and associated diseases.
Floor condition may contribute to increase worm load as mostly mud floor was used at rural level (84.28%) while concrete floor constructed for rearing of animals at farm level (82.86%). Consequently, kacha and paved floor influence worm load as compared with rearing of animals on concrete floor which has lower risks of worm load. 
Table 7 describes worm load in various age groups in terms of EPG and result of chi square test while considering age group as a risk factor.
It was observed that occurrence of worms was noted more in calves than older animals. 
Prevalence in terms of EPG were high in calves which were living in rural area than peri-urban and farm level.
	Level
	Age
	Total

	
	1-3 Month
	4-6 Month
	

	Farm
	34
	36
	70

	Peri Urban
	31
	39
	70

	Rural
	41
	29
	70

	Total
	106
	104
	210



	Range of Age
	EPG
	Total

	
	1-400
	401-800
	801-1200
	1201-1600
	1601-1800
	Negative
	

	1-3 Months
	29
	17
	13
	8
	3
	36
	106

	4-6 Months
	11
	6
	6
	2
	1
	78
	104

	Total
	40
	23
	19
	10
	4
	114
	210





	Chi-Square Test

	 
	Value
	df
	Asymptotic Significance (2-sided)

	Pearson Chi-Square
	35.998
	5
	0.00000095*

	Likelihood Ratio
	37.248
	5
	0.00000053

	Linear-by-Linear Association
	29.599
	1
	0.000000053

	N of Valid Cases
	210
	 
	 


*Significant (p<0.05)
Table 7: Various age groups of Sahiwal calves infested with worms in terms of EPG kept under different management conditions
The findings observed in current study is supported by the findings of Chowdhury et al. (2017) [22], Aimen et al. (2018) [20], Regea (2019) [22], Vithyashankar et al. (2021) [4], Nurcahyo et al. (2021) [16] that occurrence rate of worms are lower in old animals, higher in young claves, moderate in adults.
Results of current study are also supported with the findings of Aimen et al. (2018) [20], Lalrinkima et al al. (2016) [24], Shoaib et al. (2016) [25] and Raza et al. (2013) [26] as they all described that worm infection was higher in 1-2 months old calves and lowest in more than 6 months old calves. 
The results of present study are in accordance with Sriasih et al. 2021 [15], who studied occurrence of worms in 3 to 12 weeks old calves. Occurrence rate is lower in older calves than neonatal calves. This may be due to the facts that calves have least resistance against disease, growing dietary necessities for development that strive with existing nutrients for expansion of disease resistance level and that effective husbandry practices for calf rearing are ignored that leads to high burden of worm load in early life. As per the results, it is obvious that age influence the occurrence rate of worms in different age groups which is higher in calves than young and adult stock.
The result of chi square test in table 8 also described that the age had significant effect in occurrence of worm infestation in calves. 

	Age Groups
	Sum of Squares
	Degree of freedom
	Mean Square
	F value
	P value

	Between Groups
	130.359
	1
	130.359
	34.317
	0.00000002*

	Within Groups
	790.122
	208
	3.799
	 
	 

	Total
	920.481
	209
	 
	 
	 


*Significant (p<0.05)
Table 8: Analysis of variance showing effect of age group on EPG
Table 9 describe the effect of gender on worm infestation, worm infestation in terms of EPG and result of chi square test considering gender. The male and female calves were equally prone to worm infestation. Gender did not influence the occurrence rate of worms as there is no influence of gender and statistically non significant relation was observed.
	Gender
	Farm level
	Peri Urban
	Rural
	Total

	Male
	24
	23
	29
	76

	Female
	46
	47
	41
	134

	Total
	70
	70
	70
	210



	Gender
	EPG
	Total

	
	1-400
	401-800
	801-1200
	1201-1600
	1601-1800
	Negative
	

	Male
	15
	9
	5
	2
	1
	44
	76

	Female
	25
	14
	14
	8
	3
	70
	134

	Total
	40
	23
	19
	10
	4
	114
	210



	Chi-Square Tests

	 
	Value
	Degree of freedom
	Asymptotic Significance (2-sided)

	Pearson Chi-Square
	2.556
	5
	0.768*

	Likelihood Ratio
	2.716
	5
	0.744

	Linear-by-Linear Association
	0.075
	1
	0.785

	N of Valid Cases
	210
	 
	 


*Significant (p<0.05)
Table 9: Worm infestation in terms of EPG among female and male calves
Same findings were illustrated by Lalrinkima et al. (2016) [23], Kingsely et al. (2013) [27] that there were no influence of gender on occurrence rate of worms in male and female animals. Male and female are at similar risk to get infection from worms. Results of this study are in contrast with those of Obi et al. (2020) [28] who elaborated that occurrence rate is higher in male and low in female. Vithyashankar et al. (2021) [4] and Shoaib et al. (2016) [25] illustrated that female animals have higher chance of worm infestation as compared to male animals. Aimen et al. (2018) [20] also illustrated that gender had significant effect on occurrence rate of worms as the male had higher occurrence rate than female counterparts.
The findings are in contrast with the results described by the Raza et al. (2013) [26] and Khan Afridi et al. (2007) [14] that gender influence the worm infestation as the occurrence rate was noted high in male calves as compared with female counterparts describing that male are more vulnerable to worm infestation than female animals under same conditions.
The result of chi square test in table 9 also described that the gender had non significant effect in occurrence of worm infestation in calves. 
Table 10 describe that effect of gender on occurrence of worm infestation in terms of egg per gram. Calves of both gender were equally likely to have chances of worm infestation. Worm infestation in terms of egg per gram was not dependent on gender of calves and both genders are vulnerable to worm infestation.
It was concluded that prevalence in terms of EPG were high in calves which were reared in rural area than peri-urban and farm level (Table 10). It was observed that age had significant effect on worm infestation as the young calves were at higher risk than older calves (table P ≤ 0.05). 
Effect of gender was observed non significant on the occurrence rate of worms as male and female calves were equally prone to worm infestation. Mud floor, cracks and crevices in walls, dung heaps, grazing, unclean mangers and water troughs were the associated risk factors of worm infestation.

	Gender
	No. of calves
	Mean
	SE Mean

	Female
	136
	45.33
± 0.743
	21.75

	Male
	74
	12.33
± 1.032
	32.70



Table 10: Worm infestation in terms of EPG among female and male calves
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