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Editorial

 Concern of human disease due to gastrointestinal pathogens, Salmonella spp., Campy-
lobacter spp., Vibrio spp., Escherichia coli, and Yersinia enterocolitica continues worldwide. 
For prevention and control of outbreaks, it is important to have knowledge of the sources of in-
fection or the animal reservoirs. In Grenada, we isolated several potentially human pathogenic 
serovars of Salmonella from animals in the last few years. These included Salmonella enterica 
serovars Javiana,  Rubislaw, and Montevideo from free-living cane toads.1 A somewhat similar 
picture was evident with regard to mongoose, another wild animal in Grenada. The most com-
mon serovars were Javiana and Montevideo.2 Of these, serovar Javiana had emerged as a hu-
man pathogen in the United States a few years ago. Our isolates showed absence of resistance 
to the currently used antibiotics for cases of human salmonellosis, including ciprofloxacin and 
cefotaxime. In another recent study done in Grenada, we isolated S. Saintpaul and S. Montevi-
deo from blue land crabs. In the Caribbean, S. Saintpaul has been frequently isolated from hu-
mans.3 On the other hand, Rubislaw was the most common serovar from green iguanas (Iguana 
iguana), and some isolates showed reduced susceptibility to cefotaxime.4 Blue land crabs and 
green iguanas are used as human food in Grenada, which is a matter of concern when these 
animals may carry pathogenic Salmonella strains with drug resistance.

 Campylobacter spp. can cause not only gastroenteritis, but also extragastrointestinal 
manifestations including Guillain-Barrè syndrome (GBS). C. jejuni-related GBS is perhaps on 
the increase in some countries.5 GBS-like conditions can occur in animals, and further stud-
ies are required.6 Campylobacter jejuni and C. coli, including strains similar to those causing 
human disease have been isolated from animals in Grenada. However, we have not looked for 
the emerging species C. ureolyticus, which was called Bacteroides ureolyticus until recently. 
Hariharan et al7 isolated B. ureolyticus from many equine endometrial swabs 2 decades ago in 
Canada. It has become necessary to include C. ureolyticus in further epidemiological studies 
on Campylobacter spp. This species of Campylobacter appears to surpass C. coli as the second 
most common causative agent of Campylobacter-related human gastroenteritis in Ireland.8

 Potentially zoonotic vibrios have been isolated from shellfish, including conchs from 
Grenada.9 Little is known regarding the bacteria associated with the queen conch (Strombus 
gigas), and further research is needed on this shellfish used for human consumption in the Ca-
ribbean.

 Animals such as goats may harbor human pathogenic strains of E. coli, such as sero-
type O157:H7.10 Hariharan et al11 reported a case of diarrhea and systemic infection in a goat 
due to Escherichia fergusonii. This organism can cause disease resembling salmonellosis in 
ruminants, and diarrhea in humans as well. 

 Another re-emerging organism is Yersinia enterocolitica, causing unusual increase in 
human cases.12 Pigs are the main reservoirs of virulent serotypes of this organism.13 

 In summary, research on animal reservoirs of human bacterial pathogens need to con-
tinue for understanding the epidemiology, and for effective prevention and control.
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Editorial

 Cryopreservation of semen plays an important role in the preservation of genetic re-
sources and its efficiency has been affected by compromised post-thaw sperm quality.1 Con-
siderable evidence suggests that genetic differences have contributed to the wide variations 
in post-thaw semen quality, and have encouraged the selection of animals whose semen can 
withstand the cryopreservation procedure.2 In the case of boar, variations in semen freezability 
have been shown to be related to molecular genetic markers.2 However, a thorough analysis of 
the specific genetic markers facilitating freezability will be the most efficient approach to im-
prove the technology of semen cryopreservation. Specifically in the boar, such novel approach 
is based on transcriptome analysis of ribonucleic acid-sequencing or RNA-sequencing (RNA-
seq) data from spermatozoa from individuals with poor and good semen freezability. Moreover, 
transcriptome analysis of spermatozoa has identify potential messenger RNA (mRNA) profiles 
that could serve as marker for bull semen freezability has been reported.3 So far, RNA-seq data 
have been widely used in the analysis of different cellular tissues, but its application in tran-
scriptome study on semen freezability is limited. Therefore, it is hypothesized that transcrip-
tome study on poor and good freezability ejaculates, in conjunction with bioinformatics stud-
ies, will provide a more comprehensive approach for the identification of novel sperm-specific 
gene transcripts facilitating sperm cryo-tolerance.

 In animal breeding, even though there has been some progress in characterizing the 
major genes involved in sperm function,3 there has been no genetic selection of animals for 
semen cryopreservation. As regard boar semen, selection is important in an efficient cryo-
preservation protocol, and is mainly performed by the assessment of post-thaw sperm quality, 
such as computer-assisted semen analysis (CASA)-analyzed motion parameters, mitochondrial 
membrane status, functional and structural integrity of membranes, nuclear deoxyribonucleic 
acid (DNA) integrity, and the application of protein markers.4 Even though some sperm protein 
markers have been shown to be associated with high cryo-tolerance, their function is depen-
dent on the presence of mRNA.1 It has been suggested that the analysis of RNA from sper-
matozoa might provide valuable information about their biological function.3 In this respect 
high-throughput RNA-seq (Illumina RNA-seq), using the high-throughput next generation 
sequencing (HT-NGS) technology that provides greater resolution for transcriptome profiling 
compared with other microarray technologies,5 is performed to identify candidate genes as-
sociated with poor and good semen freezability. By utilizing sperm transcriptome profiling of 
RNA-seq data from different freezability groups, in combination with advanced bioinformatics 
screening, including transcriptome assembling, differentially expressed (DE) gene analysis, 
detection of markers for single nucleotide polymorphisms (SNPs), gene annotation and gene 
ontology analysis, multiple candidate genes associated with the sperm biological functions will 
be selected for further investigations, using a large animal population. Moreover, a validation 
procedure is required to reaffirm whether the candidate genes and putative SNP markers could 
contribute to high semen freezability. The DE genes are validated by quantitative real-time 
transcription polymerase chain reaction (qRT-PCR) analysis, whereas the KASP™ assay (LGC 
Genomics, Middlesex, UK) is used to analyze the SNP markers. Since the combination of tran-
scriptome and proteomic studies is necessary to provide more insights in the mechanisms re-
sponsible for differences in sperm cryo-tolerance among individuals,1 Western blotting analysis 
is performed to determine the expression levels of the sperm proteins of the respective mRNA 
transcripts.
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RNA-seq of spermatozoa will lay the foundation for more detailed investigation on a number of sperm-specific gene transcripts as-
sociated with poor and good semen freezability. Moreover, sperm transcriptome analysis, coupled with bioinformatics studies, will 
enable better understanding of the roles of the genetic markers in semen freezability, thus providing a new opportunity to efficiently 
improve the selection of animals for cryopreservation. It is envisaged that the genetic markers will have a great potential to improve 
the cryopreservation technology of semen from different animal species. Supported by a project from the National Science Centre, 
Poland (2015/19/B/NZ9/01333).
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Editorial

	 Bovine	mastitis,	which	is	an	inflammation	of	the	mammary	gland	frequently	resulting	
from	bacterial	 infection,	causes	the	majority	of	economic	losses	to	the	dairy	producers.	The	
prevalence	of	mastitis	in	dairy	cattle	is	relatively	high.	Bovine	mastitis	can	be	classified	based	
on	clinical	futures	as	clinical	or	subclinical.	Both	forms	produce	significant	economic	losses	due	
to	rejected	milk,	degraded	milk	quality,	early	culling	of	cows,	drug	costs,	veterinary	expenses	
and	increased	labour	costs	for	the	farmer.	Moreover,	subclinical	mastitis	is	the	main	form	of	
mastitis	 in	modern	 dairy	 herds,	 exceeding	 20	 to	 50%	 of	 cows	 in	 given	 herds.	The	 cost	 of	
subclinical	mastitis	is	very	difficult	to	quantify,	but	most	of	the	researchers	agree	that	it	can	be	
up	to	40	times	more	common	than	clinical	mastitis.	In	India,	the	estimated	loss	due	to	mastitis	is	
around	Rs.	16,702	million	per	annum.	Subclinical	mastitis	was	found	more	important	in	India	
than	clinical	mastitis	especially	 in	cows	 (10-50%)	and	buffaloes	 (5-20%).	The	predominant	
causal	organisms	of	mastitis	are	cell-walled	bacteria,	although	mycoplasma,	yeast	and	algae	
have	 also	 been	 reported	 to	 cause	 mastitis.	 Various	 predisposing	 factors	 like	 physiological,	
genetic,	pathological	or	environmental	may	contribute	 to	 the	emergence	of	mastitis	 in	dairy	
cattle.	Presently	antibiotics	are	used	for	the	treatment	of	mastitis.	However,	therapeutic	success	
rate	is	poor	due	to	indiscriminate	use	of	antibiotics	leading	to	development	of	multiple	drug	
resistant	pathogens.	Besides	this,	major	problems	in	bovine	mastitis	with	intracellular	pathogens	
like	S.aureus	because	of	poor	cure	rate.	These	facts	highlight	the	need	for	completely	newer	
strategies	for	treatment	of	mastitis.

PERSPEctiVES foR nEw thERAPEutic StRAtEgiES

nanotechnology 

Wide	range	of	antibiotics	have	been	used	for	the	past	40	years	in	the	control	of	bovine	mastitis.	
However,	because	of	the	emerging	antibiotic	resistance	mainly	due	to	their	overuse	and	other	
possible	mechanisms	 for	 poor	 cure	 rate	 in	mastitis	 include:	 (i)	 low	 intracellular	 uptake	 of	
commonly-used	 drugs,	 (ii)	 the	 non-diffusion	 of	 acidic	 antibiotics	 at	 neutral	 extracellular	 or	
cytoplasmic	pH	through	the	lysosomal	membrane,	(iii)	the	very	poor	retention	in	cells.	For	all	
these	reasons,	activity	is	not	expected	to	be	very	long-lasting	when	antibiotics	are	administered	
as	aqueous	solutions.	Thus,	there	is	definitely	a	need	for	more	specialised	dosage	forms	to	be	
developed	for	use	in	the	treatment	of	S. aureus	bovine	mastitis.	Nanotechnology	has	enabled	
researchers	to	synthesize	nanosized	particles	(less	than	100	nm),	using	them	in	a	wide	range	
of	 applications,	 particularly	 in	 drug	 delivery.	Nanoparticles	 possess	 increased	 surface	 areas	
and	therefore	have	increased	interactions	with	biological	targets	(such	as	bacteria)	compared	
with	traditional,	micronparticles.	Moreover,	nanoparticles	are	much	more	likely	to	enter	cells	
than	micron	particles.	As	a	whole,	nano-antibacterial	particles	will	posses	stronger	effects	on	
bacteria	than	their	micro-counterparts.	The	nanoparticles	may	be	considered	potential	delivery	
systems	 in	 the	 treatment	of	bovine	mastitis	 since	 they	may	be	 taken	up	by	 the	phagocytes.	
Moreover,	 the	 literatures	 indicate	 that	 it	 is	possible	 to	 incorporate	antibiotics	 in	most	of	 the	
nanoparticles	delivery	system.	The	main	challenge	appears	 to	be	 to	obtain	a	high	antibiotic	
loading	within	these	delivery	systems.
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Mastitis Vaccines

Mastitis	vaccines	have	been	formulated	with	the	hope	of	reducing	the	incidence	mastitis	in	dairy	farming	and	promoting	the	profit	
of	industry.	The	use	of	killed	whole	cell	vaccines	to	manage	infectious	diseases	on-farm	in	dairy	cattle	is	common,	and	vaccination	
against	mastitis	pathogens	is	no	exception.	Many	researches	have	been	made	to	develop	a	vaccine	against	mastitis,	but	few	have	
claimed	satisfactory	outcomes.	It	is	clear	that	a	single	vaccine	will	not	prevent	mastitis	caused	by	the	plethora	of	pathogens	and	their	
different	mechanisms	of	pathogenesis.	All	vaccinations	should	be	done	according	to	manufacturer	recommendations.	Vaccinating	
both	cows	and	heifers	for	coliform	and	S.aureus	has	been	shown	to	be	worthwhile	in	different	study.	Coliform	vaccines	can	reduce	
the	incidence,	severity	and	duration	of	infections	in	both	lactating	cows	and	heifers.	S.aureus	vaccines	can	reduce	the	incidence	
of	new	intra-mammary	infection	as	well	as	increase	the	spontaneous	cure	rate,	and	should	be	used	in	herds	in	which	this	type	of	
organism	is	a	major	problem.

Bacteriophage therapy for Mastitis

One	of	the	alternative	treatments	for	mastitis	is	bacteriophage	therapy,	which	uses	pathogen	specific	bacteriophages	in	the	treatment	
of	a	bacterial	infection.	Some	studies	indicate	that	phage	therapy	could	produce	beneficial	effect	against	E.coli	and	S.aureus	induced	
mastitis	infection.	However,	additional	further	research	is	required	to	explore	the	therapeutic	potential	of	bacteriophages	to	treat	
clinical	and	subclinical	mastitis	associated	bacterial	infections.

cytokines

The	roles	of	the	various	immune	system	components	in	mammary	gland	defence	against	infection	are	not	well	understood.	However,	
cytokine	 production	 and	 leukocyte	 populations	 play	 important	 roles	 in	 host	 defence	 and	 pathophysiological	 processes	 during	
bacterial	infection.	Several	cytokines	have	been	identified	as	major	actors	during	the	acute-phase	reaction	(complement	component,	
interleukins	(IL)-1,	-2,	-6	and	-8	and	tumour	necrosis	factor	alpha).	They	possess	chemotactic	activity	responsible	for	leukocyte	
recruitment	and	activation	and	they	can	also	enhance	bactericidal	activity	of	phagocytes.	Many	experimental	studies	indicate	that	
infusion	of	cytokines	with	or	without	antibiotics	increased	the	cure	rate	in	S. aureus	infected	mastitis.	Finally,	cytokines	therapy	
seems	to	be	a	promising	approach	but	further	studies	have	to	be	done	to	confirm	therapeutic	interest.

Recombinant Mucolytic Protein

Nowadays	recombinant	protein	technology	plays	an	important	role	in	animal	disease	control.	An	alternative	to	the	use	of	antibiotics	
for	S. aureus	mastitis	may	be	the	use	of	a	recombinant	mucolytic	protein	such	as	lysostaphin.	The	potential	value	of	an	intramammary	
administration	of	lysostaphin	was	assessed	in	experimentally-induced	S. aureus	mastitis.	However,	the	authors	suggested	that	an	
improved	formulation	of	recombinant	lysostaphin	may	prove	to	be	an	effective	alternative	to	antibiotic	therapy	for	bovine	mastitis.	
The	advantage	is	that	it	can	potentially	circumvent	the	problems	associated	with	current	antibiotic	therapy	because	of	its	targeted	
specificity,	because	it	offers	low	toxicity	and	due	to	the	possible	benefits	of	not	having	to	discard	milk	containing	biologically-active	
residues.	

concluSionS

Mastitis	remains	a	major	challenge	to	the	worldwide	dairy	industries,	but	still	there	is	no	established	treatment	for	such	problem.	
Currently,	 the	use	of	antibiotics	 is	 the	most	common	method	of	 treatment	of	bovine	mastitis.	Nevertheless,	 this	 type	of	method	
has	some	demerits	due	to	low	cure	rate,	increasing	occurrence	of	resistance	and	the	presence	of	antibiotics	residues	in	the	milk.	
Therefore,	an	alternative	to	antibiotics	was	investigated	by	several	researchers	in	order	to	find	an	effective	approach	for	management	
of	bovine	mastitis.	Nanoparticles,	Vaccines,	Bacteriophages	and	cytokines	are	some	examples	of	valid	substitutes	to	antibiotics	to	
control	bovine	mastitis.
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ABSTRACT

Almost all the phages reported were long-tail or short-tail, belong to the Myoviridae or 
Podoviridae phage families, little information was available on tailless bacteriophages and their 
biological significance in therapy. Tailless bacteriophage φHN161 in this study was isolated 
from sewage water samples. This representative phage displayed a strong ability in eliminating 
pathogenic Escherichia coli O161. Mice challenged with E. coli O161 were treated with 
different doses of phage φHN161 for comparing sterilization rate and immunological reaction 
with those untreated mice in control group. Phage of higher dose was much more effective than 
of lower dose in eliminating host cells both in vitro and in vivo, while a lower dose of phage 
treatment could drastically reduce inflammation caused by E. coli O161 infection. Altogether, 
these observations expanded the diversity of phages that could be utilized as antimicrobial 
agents substitute in animals; these findings also reminded people to pay attention to the dosage 
of bacteriophages used in therapy.

KEYWORDS: Escherichia coli; Bacteriophage φHN161; Inflammatory cytokine.

INTRODUCTION

The World Health Organization estimates that 5 million children die of acute diarrhea each year.1 
E. coli strains of different serotypes continue to be among the most widely spread pathogens 
that trigger diarrhea in humans and animals.2,3 Among these various E. coli serotypes, the E. coli 
O161 is becoming an increasingly deleterious etiology as abuse of large number of antibiotics. 
For instance, E. coli O161 was proven to be associated with post weaning diarrhea and edema 
disease in weaned piglets in China.4 It can also be isolated from poultry in India, but E. coli strain 
of this serotype has never been reported as a member of the intestinal flora. Furthermore, from 
the second half of 2003 to the end of 2006, pigs in Chinese farms were infected by Porcine High 
Fever Syndrome (PHFS), which led tremendous losses to the domestic agricultural industry in 
China. E. coli O161 strains were isolated from infected swine showed high resistance to diverse 
antibiotics in antibiotic sensitivity tests. 

 Due to the antibiotics abuse, more and more E. coli strains show resistance to ordinary 
antibiotics. Nowadays, it is quite difficult to determine which measure should be adopted to 
heal infected animals.5,6 It is imperative to look for a new strategy to control the spread of E. coli 
O161. High incidence of antibiotic resistant bacteria resurrected phage therapy and rigorous 
studies with animals were conducted.7-9 Bacteriophage is considered as a promising substitute 
of antibiotics. Phage against Campylobacter jejuni has been taken as a good example in some 
developed countries.10 Phage therapy was not only used for treating infections, but also as 
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being more likely to reduce the prevalence of zoonotic bacterial 
diseases.11 Phages against E. coli diarrhea have been explored 
in Western veterinary applications.12-14 However, almost all the 
bacteriophages utilized in controlling bacterial diseases are 
long-tail or short-tail phages such as T415 or T7 family.16

 In the present study, phage φHN161 was selected 
for investigating the characteristics and influence of tailless 
bacteriophage and also, reports about the inflammatory reaction 
in vivo in phage therapy experiment.

MATERIALS AND METHODS

Bacterial strains

E. coli strains were isolated from organs of swine infected by 
Porcine High Fever Syndrome (PHFS) throughout China. These 
E. coli strains included strain 0608-102 (serotype O161, virulent), 
0406-26 (serotype O11, virulent) and 0507-125 (serotype O138, 
virulent). Isolated phages were tested for their host ranges on 42 
diarrhea-causing E. coli strains, including 16 E. coli containing 
the virulence factors kps MTII and iutA, which represent the 
major serotype that is resistant to amoxicillin, ceftriaxone and 
streptomycin. In addition, the test collection included 20 E. coli 
strains containing the virulence factors sfa/focDE and papC, 
which represent the major serotype that is resistant to TMP, 
diamox and quinolones. The remaining 6 E. coli strains contain 
the virulence factor afa/draBC and they represent the major 
serotype that is resistant to tetracycline, neomycin, gentamicin 
and kanamycin. All strains were identified as E. coli by species-
specific PCR and biochemical assay. The strains were kept at 
-80 °C in skim milk and were always grown in cultures at 37 °C.

Animals 

Eight-week-old SPF BALB/c female mice at 18 to 22 g were 
obtained from the experimental animal center of Wuhan 
University, Hubei province, China. Mice were randomly 
allocated to seven cages with ten mice each and housed under 
standard day length, temperature, and humidity conditions. 
Water and food were offered adlabium. Animals were cared for 
in accordance with guidelines for the care and use of laboratory 
animals. Six groups of mice (10 mice per group) were injected 
intraperitoneally with the lowest dose of E. coli O161 not cleared 
by the innate immune system (5.9 log10 CFU/mouse).8 Five of 
these groups were treated with different concentrations of phage 
φHN161 to give multiplicities (phage/bacteria) of 10, 1, 0.1, 
0.01 and 0.001 immediately after injection of E. coli O161. Mice 
in the remaining group were injected with sterilized Phosphate 
Buffered Saline (PBS) and served as control two (group 
seven). Besides, 10 mice were intraperitoneally injected with 
PBS and the same highest concentration of phage φHN161 as 
multiplicity=10 group, this group served as control one (group 
six) in order to ensure the accuracy of this trial.

BACTERIOPHAGE ENRICHMENT AND ISOLATION

Phage was isolated by a standard enrichment procedure from 
raw sewage taken from farm sewage treatment system.17 Briefly, 
10 ml sewage samples were centrifuged at 10,000 g for 15 min 
at 4 °C. The supernatants were filtered through a 0.22 μm-pore-
size filter, 8 ml of filtrate was added to 10 ml Luria-Bertani (LB) 
broth, and 0.02 ml (optical density at 600 nm, 1.4-1.5) of E. coli 
O161 strain was added. The mixture was incubated at 37 °C 
for 12 h. Debris and bacteria were removed by centrifugation 
at 10,000 g for 10 min, and supernatants were filtered through 
a 0.22 μm-pore-size filter. Phage activity in the supernatant 
was tested by a spot assay that entailed placing 10 μl of the 
supernatant on LB agar seeded with E. coli O161. The plates 
were checked for plaques after 12 h at 37 °C. 

PURIFICATION AND HARVEST OF PHAGE
 
An aseptic pipette was cut to a suitable size and used to select 
single plaques for enlargement culturing. The plaques were 
propagated for purification for 5 times to ensure that all plaques 
formed were the same size. Thereafter, purified phage was 
incubated with E. coli O161 on LB agar base plate for 12 h. 
Subsequently, 8 ml of SM buffer 0.1 mol NaCl, 8 mmol MgSO4· 
7 H2O, 50 mmol Tris-HCl (pH 7.5) and 0.01% (w/v) gelatin) was 
applied to the agar, followed by incubation on a rotary shaker for 
3 h (40 rpm). The phage-containing SM buffer was aspirated, 
and the plates were washed with a further 1 ml of SM buffer. 
The phage suspension was sterilized by filtration through 0.22 
μm-pore-size filters. Then, NaCl was added to the colature to 
a final concentration of 0.5 mol/L and incubated on ice for 1 h. 
After centrifugation at 10,000 g (15 min at 4 °C), polyethylene 
glycol 8000 was added to the supernatant to a final concentration 
of 10% (w/v). The mixture was incubated overnight at 4 °C. 
Polyethylene glycol-precipitated phages were collected by 
centrifugation at 14,000 g for 15 min, the resulting pellets 
were resuspended in 5 mL of SM buffer and then centrifuged 
at 10,000 g for 20 min. Pure phage-containing supernatant was 
filtered before stored with more sterile SM buffer at 4 °C.

ELECTRON MICROSCOPY

Pure phage φHN161 was prepared in SM buffer to achieve 
titers in excess of 106 PFU/ml. Sample was negatively stained 
with 1% (w/v) uranyl acetate after addition of a drop of phage 
suspension onto a grid surface. The excess stain was removed 
immediately, and the morphology of the phage was observed 
with at 100 kV transmission electron microscopes (FEI Techno 
G2 20 TWN, America).

Enumeration of E. coli O161 and phage φHN161 in feces

Fecal samples of mice in each group were obtained and 
homogenized aseptically in PBS.17,18 Portions of the fecal samples  
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Figure 1: The morphology of phage φHN161.
Electron microscopy of phage φHN161 isolated from sewage water. The phage has 
a spherical head without a tail. Bar indicates 40 nm.

were serially diluted, poured onto MacConkey agar plates 
and cultured at 37 °C for 10 h to detect the challenge strain. 
Enumeration of bacteriophages was carried out by making serial 
dilutions of the filtered suspensions of feces. Each dilution 
of phage suspension was applied as a 10 μl spot in triplicate 
to the prepared bacterial lawn and allowed to absorb into the 
overlay agar. Plates were incubated in the normal way, and the 
number of plaques was counted on the appropriate dilutions 
giving between 10 and 100 plaques to obtain the phage titer per 
gram for each section of the fecal sampled. Colonies of E. coli 
O161 were identified by phage φHN161 susceptibility tests and 
confirmed by slide agglutination tests with single-factor serum 
of E. coli O161. 

MEASUREMENT OF CYTOKINE LEVELS

Since inflammatory cytokines are thought to be good markers 
of the severity of immunological reaction, we measured the 
levels of interleukin-1β (IL-1β) and tumor necrosis factor-α 
(TNF-α) in blood of the mice after treatment. Blood samples 
from each group (n=7) of mice were collected for 10 days 
during the enumeration experiment. Mice were euthanized by 
inhalation of ether. Cardiac blood was obtained aseptically. 
The blood samples were allowed to clot at 4 °C in sterile glass 
tubes and then centrifuged at 10,000 g for 5 min. Serum sample 
supernatants were preserved at -80 °C until cytokine levels were 
tested. The concentrations of IL-1β and TNF-α in serum were 
measured by using commercial enzyme-linked immunosorbent 
assay kits (NeoBioScience, Guangdong, China).

STATISTICAL ANALYSIS 

Bacterial counts, TNF-α and IL-1β levels were analyzed using 
the Student’s t-test. The significance of difference between 
phage-treated experimental groups and control was determined 
on log10-transformed data by a single-factor analysis of variance 
(ANOVA; SPSS for Microsoft Windows). 

RESULTS

Characteristics of bacteriophages from sewage and stool 
samples

Several pathogenic E. coli O161 strains, such as 0608-102, 0607-
130 and 0507-146, were selected as the indicator cells in phage 
isolation. Phage strains ΦHB161 and φHN161 showed excellent 
ability in eliminating their host bacteria. Plaques formed by 
ΦHB161 were approximately 2 mm in diameter, while plaques 
formed by φHN161 were 8 mm in diameter. A halo would appear 
around the plaque formed by φHN161 when the culturing time 
was lengthened to 22 h. Moreover, Infection of the E. coli O161 
with phage φHN161 led to a rapid lysis of the bacteria in vitro. 
With multiplicities of 10, 1 and 0.1, the infected cultures of E. 
coli became lucid in 4-4.5 h with ΦHB161. In contrast, φHN161 
is capable of lysing all cells in culture within 2 h coincidentally; 
strains that could be infected by one isolated phage contained the 
same somatic O antigen. 

 Among all the phages collected, electron microscopy 
revealed that phage φHN161 particle was tailless, its capsid was 
round, and the isometric capsid had a diameter of 40 nm (Figure 
1). The genome formed a tightly packed coil in some phage 
particles, while phage φHN161 in other phases showed empty 
core. Moreover, result of agarose gel electrophoresis showed 
phage φHN161 was dsDNA and approximately 15 kb in size. 
Enough is known of the characteristics of phage families,19 after 
ruling in and ruling out similarities to other phages according 
to the 8th report of the National Committee on Taxonomy of 
Viruses, information on morphology and genome suggests that 
phage φHN161 belongs to the Tectiviridae family.

Phage φHN161 therapy in vivo

The bacteria and the phage injected into the intraperitoneal cavity 
of the mouse were immediately transferred into blood. This is 
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Figure 3: Fecal phage counts after injected with the pathogen of E. coli O161 in vivo.
Numbers of phage φHN161 in fecal samples from phage-treated mice. The enu-
meration of phage φHN161 was carried out over 10 days in mice treated with phage 
φHN161 and E. coli O161.

Figure 2: The sterilization rate for mice injected with the pathogen of E. coli O161.
Enumeration of E. coli O161 CFU in vivo during 10 days. Five groups of phage-treated 
mice received intraperitoneal application of E. coli O161 (5.9 log10 CFU/mouse), and 
mice in each group were given intraperitoneal application of different doses of phage 
φHN161 (multiplicity=10, 1, 0.1, 0.01, 0.001). Mice in group seven were given 5.9 log10 
CFU/mouse intraperitoneally on day 0 without phage.

thought to be the most suitable in vivo situation for the phage-
bacterium interaction. To investigate whether tailless phage 
φHN161 could protect mice from E. coli bacterial disease, we 
first examined the effect of simultaneous injection of the phage 
and its host routinely. Half of mice that injected intraperitoneally 
with a median lethal dose (LD50) of E. coli O161 (6.2 log10 CFU/
mouse) died within 10 days. The mice treated with E. coli O161 
(LD50) concurrently with a lower dose of phage (4.2 log10 CFU/
mouse) were only partially protected (8/10 mice survived). 
The mice treated with E. coli O161 (LD50) simultaneously with 
intermediate (7.2 log10 PFU/mouse, 6.2 log10 PFU/mouse and 
5.2 log10 PFU/mouse) and higher dose (8.2 log10 PFU/mouse) 
of phage were all protected from death (10/10 mice survived). 
Mice appeared ostensibly normal during the following 10 days.

INTRAPERITONEAL TREATMENT WITH PHAGE ΦHN161 
ELIMINATES INTESTINAL E. COLI O161 IN MICE

E. coli is responsible for a large proportion of the morbidity 
and mortality due to acute diarrhea. Phage φHN161 was 
therefore tested for its ability to control systemic infection. 
Phage φHN161 were used at higher (6.9 log10 PFU/mouse, 
group one), intermediate (5.9, 4.9 and 3.9 log10 PFU/mouse, 
groups two, three and four, respectively) and lower doses (2.9 
log10 PFU/mouse, group five) to reduce the number of E. coli 
O161 in vivo. When phage φHN161 was co-administered with 
E. coli in mice, significant reductions of the pathogen in the fecal 
samples were recorded at each multiplicity over the duration of 
the 10 day experiment (Figure 2). Meanwhile, titers of phage 
decreased to various extents in all groups (Figure 3); they were 
eradicated and no phage could be detected on the last day of the 
experiment. The results from groups one and two indicated that 
approximately all the E. coli O161 were eradicated by phage 
φHN161 within the first day, there was a slight decrease in the 
titer of phage φHN161 (6.146±6.151 log10 PFU/g fecal sample 

for group one, 5.164±5.278 log10 PFU/g fecal sample for group 
two) in 48 h. The mean E. coli bacterial colony number in fecal 
of mice treated with the lower dose of phage was 4.340±4.406 
log10 CFU/g fecal sample after 48 h of phage administration, and 
the mean titer of phage φHN161 in this group was 1.975±1.483 
log10 PFU/g fecal sample, numbers of the fecal E. coli O161 
were reduced further and were undetectable at the end of the 
experiment in this group. In contrast, the mean E. coli number 
of the control two treated with bacteria only was 4.397±4.512 
log10 CFU/g fecal sample at 48 h. Reduction of E. coli O161 
number in fecal were significantly different (p<0.001) between 
the phage-treated and the untreated group by one-way ANOVA; 

Cytokine levels in serum during the enumeration of E. coli O161

The levels of the inflammatory cytokines IL-1β and TNF-α in 
the serum were analyzed. Although phage φHN161 at different 
doses eliminated all the E. coli O161 in vivo, only lower dose 
of phage treatment can drastically reduce inflammation cause 
by E. coli O161 infection, while treatment of higher dose of 
phage concurrently with E. coli O161 induced inflammation. 
The mean concentration of the inflammatory cytokine IL-1β in 
group one was 47.674±41.421 pg/ml after 10 days, while the 
mean concentration of IL-1β in group five was 5.408±3.410 pg/
ml after 10 days (Figure 4). This reduction of IL-1β in group five 
was significantly different from that of the group one (p<0.005). 
No significant difference was observed between the higher 
phage-treated group and the group seven by Student’s t-test; the 
mean titer of TNF-α in the lower dose of phage-treated group 
was 30.291±4.468 pg/ml over the experimental period (Figure 
5); in the higher dose phage treated group, the mean titer of 
TNF-α was 84.2421±49.551 pg/ml. Similarly, the reduction 
of the level of inflammatory cytokine TNF-α was significantly 
different between group one and group five (p<0.0001) by 
Student’s t-test.
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Figure 5: The mean level of TNF-α in serum of phage-treated mice
TNF-α level in serum of all the 7 groups were recorded for 10 days. Mice in group one to five were 
treated with phage as well as E. coli O161. Mice in control one (group six) were treated with phage 
only. Mice in control two (group seven) were treated with E. coli O161 only.

Figure 4: The mean level of IL-1β in serum of phage-treated mice
IL-1β level in serum of all the seven groups were recorded for 10 days. Mice in group one 
to five were treated with phage as well as E. coli O161. Mice in control one (group six) were 
treated with phage only. Mice in control two (group seven) were treated with bacteria only. 

DISCUSSION

In this study we have demonstrated that a single dose of a phage 
φHN161 can successfully decrease the rate of mortality due to E. 
coli O161 infection of acute diarrhea in the mouse model. This 
protection was shown through the results of therapy experiment 
in vivo and the significant decrease in the numbers of E. coli O161 
organisms found in the successfully treated animals, indicating 
that the bacterial viruses used were able to locate and kill E. coli 
O161 before the animal succumbed to septicopyaemia.

 It was also found that the differences in the efficacies of 
phage administration may be due to the rate and dose of phage 
delivered to their targets. This explanation is supported by the 
observation that the E. coli O161 administered to group one was 
eradicated in a shorter time by phage φHN161 than the bacteria 
administered to other groups. 

 One common limitation of phage as antimicrobial 
agent is that they are rapidly removed by the immune system. In 
addition, a critical obstacle for environmental phage treatment is 
the constant evolution of bacterial resistance to phage.20 Merril 
et al, indicated the possibility of isolating a long-lasting phage21 
subsequent second and third treatments of phage on purpose 
of compensating for the loss of phage have been reported, and 
this method is also demonstrated to be effective.17 The results 
obtained in this report are remarkable: just one single phage 
φHN161 injection is sufficient for effective recovery. That is to 
say, before the phage φHN161 is cleared by immune system, 
all the host pathogens have been eradicated. Furthermore, it 
is encouraging to administer a cocktail of similar phages with 
strong lysing ability in commercial production.

 Levels of the inflammatory cytokine are certainly 
an important criterion to judge the efficacy of a treatment. 
Interestingly, results revealed that the faster bacteria were 
cleared, the more neutralization antibody was produced. Two 
assumptions are raised to explain this phenomenon: (i) Intensive 
inflammation occurs for the reason that innate immune system 
of mice contacts with phage within extremely short time, i.e., 
if all of the E. coli O161 were eliminated in the first day, there 

would be large number of phage offspring released, the innate 
immune system of mice would have to deal with phage beyond 
manageable level within 24 h; (ii) the interaction between phages 
and bacteria might have some bad impact on mice. Accumulation 
of data that document an immense diversity in phage efficiency 
and host susceptibility, even within a narrow phylogenetic group 
of bacteria, suggests that phage-host interactions are even more 
complex than previously proposed from model studies and that 
any given phage-and-host community is characterized by a 
diversity of different properties.22

 It was clear in our in vivo experiments that lower dose of 
phage φHN161 was well tolerated by the animals, it drastically 
reduced inflammation, bacterial rebound or adverse effects due 
to rapid bacterial lysis were not observed in this group. Mice 
treated with lower dose of phage, in fact, remained healthy 10 
days after treatment, when the experiment was ended. The mean 
level of TNF-α of mice treated with a lower phage dose was 
30.291±4.468 pg/ml. In contrast, the mean TNF-α level of group 
treated with E. coli O161 as control was more than 60 pg/ml after 
10 days. We do not expect that phage therapy will completely 
abolish the disease in the first few hours, but only reduce it to 
a manageable level in systemic areas. A lower dosage of phage 
treatment is adequate in rescuing animals. The conclusion 
that a multiplicity of 0.001 is much more suitable than other 
multiplicities is confirmed by the level of IL-1β. Significant 
difference in the mean IL-1β level between experimental group 
five and control two was also recorded in 10 days (p<0.001). 

 Recently, well controlled animal studies, which have 
successfully applied phage therapy to multiple types of bacterial 
infections as Campylobacter jejuni, Staphylococcus aureus,23 
Salmonellae.21,25 and E. coli O157,23-28 have spawned new 
enthusiasm for an old idea. The success of the tailless phage trial 
against E. coli O161 both in vivo and in vitro indicates that phage 
φHN161, which has strong therapy potential, seems to be a 
distinguished candidate, although further study of the routes and 
timing of phage, the pharmacokinetics as well as discovering 
mechanism by which phage exerts to influence on animals needs 
to be conducted to determine if bacteriophage therapy is an 
alternative method in treatment of bacterial disease.
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ABSTRACT

The records of 1085 crossbred cattle daughters of 57 sires maintained during 1974-2004 at 
Instructional Dairy Farm of Govind Ballabh Pant University of Agriculture & Technology, 
Pantnagar, Uttarakhand, India were used to evaluate sires for first lactation performance traits. 
The data were analyzed to estimate the breeding values of sires using least squares methods 
(LSM), best linear unbiased prediction (BLUP) and derivative free restricted maximum likeli-
hood (DFREML) method. The average breeding values of sires estimated by all 3 methods 
were similar and estimated for age at first calving (AFC), first lactation period (FLP), first 
dry period (FDP) and first calving interval (FCI) as 1359.95 days, 356.56 days, 177.58 days 
and 534.15 days respectively. The estimated breeding values (EBV’S) showed large genetic 
variation between sires for first lactation. The EBV’S of sires had very high and significant 
product moment correlations and rank correlations among all first lactation traits. These re-
sults revealed that estimated breeding values of sires estimated for first lactation traits by LSM 
method showed small genetic variation in comparison to BLUP and DFREML methods. The 
LSM method was found to be more efficient, accurate, and stable with lowest genetic variation.

KEYWORDS: Best linear unbiased prediction (BLUP), Derivative free restricted maximum 
likelihood (DFREML), Breeding value; Genetic Variation; First lactation traits.

ABBREVIATIONS: LSM: Least Squares Methods; BLUP: Best Linear Unbiased Prediction; 
DFREML: Derivative free restricted maximum likelihood; EBV’S: Estimated Breeding Val-
ues; FCI: First Calving Interval; AFC: Age at First Calving; FDP: First Dry Period; REML: 
Restricted Maximum Likelihood.

INTRODUCTION

In India, most of the progeny testing is limited to organized farms with small herd size and this 
is a limiting factor in assessing the sires breeding values. Today, the need for sire evaluation for 
the additive genetic value (breeding value or transmitting ability) to its progeny has been recog-
nized. Therefore, accurate, efficient and early evaluation of breeding value of sires is of prime 
importance. With advancement in computing power, many procedures have been proposed for 
evaluating sires based on the records of their progeny. In recent past the best linear unbiased 
prediction (BLUP) procedure has been widely used as standard method of sire evaluation. 
However, Henderson1 opined that analysis of variance and covariance may give biased com-
ponents of variance from selected population by BLUP method; whereas restricted maximum 
likelihood (REML) can give biased free estimate. Hence, the sire evaluation using advanced 
statistical techniques based on derivative free REML methods were also used to judge the ef-
fectiveness of different methods.
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 In the present study, the breeding values of sires were 
estimated, evaluated and ranked on the basis of DFREML as 
described by Meyer,2 would be expected to enhance the accu-
racy of selection of bulls. However, an animal model in Indian 
breeds has been used preciously.3,4 Hence, in this paper an at-
tempt is made to compare effectiveness of different methods of 
sire evaluation on the basis of first lactation traits in crossbred 
cattle.

MATERIALS AND METHODS

The data for the present study were obtained from the perfor-
mance records of 1085 crossbred daughters of 57 sires main-
tained at Instructional Dairy Farm of Gobind Ballabh Pant Uni-
versity of Agriculture and Technology, Pantnagar, Uttarakhand, 
India during 1974-2004. They were used to estimate breeding 
value of sires for first lactation and life time traits. The exotic 
breeds used were Holstein Frisian (HF), Jersey (J) and Red Dane 
(RD) and the indigenous breeds were Sahiwal (S) and Rathi (R). 
The crossbreds were HFxS, JxS, RDxS, HFxSxRD, RDxSxJ, 
HFxRxJ and HFxSxRDxJ. Cows with abnormal and incomplete 
records were excluded from the study. The data on sires having 
at least 3 daughters per sire were included for sire evaluation of 
sires. Each year was divided into 3 seasons i.e. summer (March 
to June), rainy (July to October) and winter (November to Feb-
ruary) based on climatic conditions. Daughters were grouped 
into 7 genetic groups on the basis of their breeding history. Pe-
riod of study was divided into 7 periods, each period of 5 years 
in which their daughters were born.

STATISTICAL ANALYSIS 

As the data in the present study were non-orthogonal in nature 
with unequal subclass numbers, they were subjected to least 
squares analysis of variance without interactions using different 
models to examine the effect of genetic as well as non-genetic 
factors on various first lactation traits as per standard procedures 
of Harvey.5 The model was based on the assumption that differ-
ent components fitting in the model were linear, independent and 
additive. While sire was treated as random effect, the other ge-
netic and non-genetic factors (genetic group, season and period) 
were taken as fixed effects in the model. The main objective of 
sire evaluation is to obtain an accurate and unbiased estimate of 
breeding value of bulls and ranking them on the basis of perfor-
mance of their daughters so as to enable the breeders to choose 
the best bull for subsequent improvement of the herd. Many sire 
evaluation methods based on performance of adequate number 
of progeny recorded have been proposed. The following four 
methods of sire evolution were used to estimate the breeding 
values of sires.

Least Squares Method (LSM)

The least squares method (LSM)5 was used to estimate the 
breeding value of sires, using the following statistical model. 

Yij = µ + Si + eij

Where,

Yij =jth dependent single trait of the daughter of ith sire
µ =population mean
Si =effect of ith sire
eij =random error assumed to be normally and independently 
distributed with mean zero and variance σ2 i.e. NID (0,σe

2
 ).

Best Linear Unbiased Prediction (BLUP F90-Dairy Pack, 2004)

BLUP F90 and related programs were developed in the lab of 
Misztal et al6 with the purpose of providing comprehensive com-
puting capabilities to problems related to mixed models in ani-
mal breeding. 

 Dairy pack provides basic animal model which allows 
data of animals in the pedigree to be included in the analysis so 
that all known relationships can be taken into account. Other 
effects, fixed and random, can be including for comprehensive 
use of mixed model. Fixed effects such as herd-year-season can 
be performed during the analysis; therefore, no added step of 
data preparation is required. Normally, all traits used in dairy 
pack should be continuous rather than ordinal scale for proper 
use in the analysis of linear mixed model. Model with single 
record per animal can be analyzed by BLUP univariate (single 
trait) animal model as follows:
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of fixed effects, a is vector of random additive genetic effects, 
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and 2, β1, β2 is vectors of fixed effects, a1, a2 is vector of random 
additive genetic effects, ε1, ε2 is vector of random residual effect, 
X, W and Z are incident matrices related to fixed and random 
effects, A is a numerator relationship matrix, G is a matrix of 
direct genetic variance-covariance for trait 1 and 2. R is matrix 
of residual variance-covariance for trait 1 and 2.

Derivative Free Restricted Maximum Likelihood Method 
(DFREML)

In DFREML method the density function of the multivariate dis-
tribution is maximized after correcting all observations first for 
the fixed effects without taking consideration of the first or sec-
ond derivatives in the analysis. Single and multiple trait models 
were used for estimation of different variance and covariance 
components. In multiple traits two or three traits were consid-
ered simultaneously.

For DFREML estimation following animal model was consid-
ered:

Yijk = X bi + Z uj + eijk

For three traits the model can be represented as:

y1

=

X1 0 0 0 b1

+

Z1 0 0 0 u1

+

e1

y2 0 X2 0 0 b2 0 Z2 0 0 u2 e2

y3 0 0 X3 0 b3 0 0 Z3 0 u3 e3

Y4 0 0 0 X4 b4 0 0 0 Z4 u4 e4

Where,

Yijk =kth observation of jth random effect of ith fixed effect
bi=Vector of observation of fixed effect i.e. season and period 
of calving 
uj=Vector of additive genetic effect (random effect/sire effect)
X=Design matrix/incident matrix of fixed effect
Z=Design matrix/incident matrix of random effect
eijk =Vector of residual errors.
With E(y)=Xb and variance V.

The variance covariance structure given by

Var

u1

=

Aσ2
a1 Aσa12 Aσa13 0 0 0

u2 Aσa21 Aσ2
a2 Aσa23 0 0 0

u3 Aσa31 Aσa32 Aσ2
a3 0 0 0

e1 0 0 0 Iσ2
e1 Iσe12 Iσe13

e2 0 0 0 Iσe21 Iσ2
e2 Iσe23

e3 0 0 0 Iσe31 Iσe32 Iσ2
e3

The following are the assumptions of the model:

Var (u)=G

Var (e)=R
and Cov (u, e/) 0
So that, V(y) =ZGZ/+R

 The normal distribution of a variable y with mean µ 
and standard deviation σ, the normal distribution of this variable 
represented as: y~N (µ, σ2).

The mathematical distribution of the density function for this 
normally distributed variable is: 

( )
2

21
21f(y) = 

2
ye σµ

σ π

− −

 This is known as probability density function (PDF). In 
case of multivariate, multidimensional normal distribution PDF 
follows, y~N (Xb, V). Where, N is the length of y and V is the 
variance of the parameter. This function ƒ(y) gives the probabil-
ity of finding a certain ‘y’ such that the parameters are given. 
The parameters are the means in Xb “location parameters” and 
the variances in V “dispersion parameters”. Observed data gives 
probability of having such data for certain parameter value. So 
the probability density function can be used as a likelihood func-
tion.

 When the data y is known; the ƒ(y) is a likelihood 
function which can be maximized in parameters; in other words, 
find the parameters for which ƒ(y) has highest value is to be 
found. 

 The effectiveness of different sire evaluation methods 
was judged by the estimated breeding value of sires taken as 
twice the sire genetic group solution plus sire solution within 
sire genetic group for that trait. After estimation of breeding val-
ue of sire, the sires were given ranks as per their genetic merit.

 After estimation of breeding value of sires, the sires 
were ranked as by their genetic merit. The Spearman’s rank 
correlation between breeding values of sires derived by various 
methods was used to judge the effectiveness of different meth-
ods. The rank correlation was estimated as per Steel and Torrie7:

 

2

2
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1
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i

s

d
r

n n
= −

−
∑

 

Where,

r=rank correlation coefficient
n=number of sires under evaluation

id =difference of rank between paired items under 2 methods

The significance of rank correlation was tested by t-test as given 
below:
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 It was compared with t-table value with (n-2) degree of 
freedom.

RESULTS
 
In the present study, the breeding values of sires were estimated 
and sires ranked on the basis of breeding value of their progeny 
by 3 different sires evaluation methods and presented in Table 1. 
The estimated overall average breeding values of sires by LSM, 
DFREML and BLUP methods for age at first calving (AFC), first 
lactation period (FLP), first dry period (FDP) and first calving in-
terval (FCI) were found to be 1359.95 days, 356.56 days, 177.58 
days and 534.15 days respectively. The EBV’S for AFC, ranged 
from 1296.20 to 1414.70 days, for FLP 330.70 to 399.80 days 
for FDP 171.40 to 188.90 days and for FCI 509.50 to 562.00 
days respectively. By DFREML method the estimated breeding 
value for AFC ranged from 1162.00 to 1522.20 days, for FLP 
305.90 to 449.70 days, for FDP 137.80 to 254.60 days for FCI 
470.20 to 616.20 days respectively. By BLUP method the esti-
mated breeding value for AFC ranged from 1204.40 to 1512.70 
days, for FLP 302.80 to 447.70 days, for first dry period 151.00 
to 226.20 days and for FCI 469.30 to 610.60 days respectively.

 The estimated breeding values of sires estimated for 
first lactation traits by LSM method showed small genetic varia-
tion in comparison to BLUP and DFREML methods. The BLUP 
method was considered to be second more appropriate method 
than the DFREML method. The product moment correlations 
between the breeding value of sires and the rank correlations 
between the rankings of sires by various methods are presented 
in Table 2. Accuracy of the methods of sire evaluation was de-

termined by comparing the simple (product moment correlations 
and spearman’s rank correlation) correlation of breeding value 
of sires estimated by various sire evaluation methods for first 
lactation traits. The simple correlations and rank correlations 
among all the three methods of sire evaluation were very high 
and significant. The product moment correlations among LSM 
and DFREML and BLUP methods of sire evaluation ranged 
from 0.974 to 1.00, where as the rank correlations among breed-
ing value of sires ranged from 0.994 to 0.998 for first lactation 
traits.  
 
 Top 10 sires ranked on the basis of estimated breed-
ing values of sires for first lactation traits by all 3 methods are 
presented in Table 3. The top 10 sires ranked on the basis of first 
lactation traits revealed that all sires would not rank same for all 
the methods. However, the rank of sires for different sire evalu-
ation methods revealed that 4-5% top sires almost had similar 
rank for all the methods. 
 
 In comparison of these methods of sire evaluation LSM 
method was found to be more efficient, accurate, and stable 
with lowest genetic variation. The rank correlation coefficients 
amongst breeding value of sires by different methods of sire 
evaluation showed reasonably high degree of agreement (79%) 
in the ranking of sires.
 
DISCUSSION

The estimated overall average breeding values of sires by 
LSM, DFREML and BLUP methods for AFC, FLP, FDP and 
FCI were 1359.95 days, 356.56 days, 177.58 days and 534.15 
days respectively. The EBV’S for AFC, ranged from 1296.20 to 
1414.70 days, for FLP 330.70 to 399.80 days for FDP 171.40 to 
188.90 days and for FCI 509.50 to 562.00 days respectively. By 
DFREML method the estimated breeding value for AFC ranged 

Traits Sire evaluation 
method

Average 
breeding value

Minimum B.V. 
(% below average)

Maximum B.V. 
(% below average)

Number of sires 
over average BV 

(% of sires)

Number of sires 
below average BV 

(% of sires)

AFC LSM 1359.95 1296.20 (4.69) 1414.70 (4.03) 26.00 (45.61) 31.00 (54.39)

DFREML 1359.95 1162.0 (14.56) 1522.20 (11.93) 27.00 (47.37) 30.00 (52.63)

BLUP 1359.95 1204.70 (11.42) 1512.70 (11.23) 27.00 (47.37) 30.00 (52.63)

FSP LSM 271.51 270.50 (0.37) 272.30 (0.29) 21.00 (36.84) 36.00 (63.16)

DFREML 271.50 268.80 (1.00) 273.50 (0.74) 25.00 (43.86) 32.00 (56.14)

BLUP 271.50 269.80 (0.63) 272.80 (0.48) 25.00 (43.86) 32.00 (56.14)

FDP LSM 177.58 171.40 (3.48) 188.90 (6.37) 32.00 (56.14) 25.00 (43.86)

DFREML 177.58 137.80 (22.40) 254.60 (43.37) 32.00 (56.14) 25.00 (43.86)

BLUP 177.57 151.00 (14.96) 226.20 (27.38) 32.00 (56.14) 25.00 (43.86)

FCI LSM 534.15 509.50 (4.61) 562.00 (5.21) 33.00 (57.89) 24.00 (42.11)

DFREML 534.15 470.20 (11.97) 616.20 (15.36) 31.00 (54.39) 26.00 (45.61)

FLP LSM 356.56 330.70 (7.25) 399.80 (12.13) 27.00 (47.37) 30.00 (52.63)

DFREML 356.56 305.90 (14.21) 449.70 (26.12) 27.00 (47.37) 30.00 (52.63)

BLUP 356.56 302.80 (15.08) 447.70 (25.56) 27.00 (47.37) 30.00 (52.63)

Table 1: Average breeding value estimates for first lactation traits by different methods of estimation.
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from 1162.00 to 1522.20 days, for FLP 305.90 to 449.70 days, 
for FDP 137.80 to 254.60 days for FCI 470.20 to 616.20 days 
respectively. By BLUP method the estimated breeding value for 
AFC ranged from 1204.40 to 1512.70 days, for FLP 302.80 to 
447.70 days, for first dry period 151.00 to 226.20 days and for 
FCI 469.30 to 610.60 days respectively (Table 1). These esti-
mates showed large genetic differences between the ranges of 
breeding values of sires for first lactation traits. Similar results 
were also reported by Dalal et al,8 Bajetha,9 Moges et al,10 Singh 
and Singh,11 Bajeetha and Singh12 and Bajeetha et al.13 
 
 The estimated breeding values of sires estimated for 
first lactation traits by LSM method showed small genetic varia-
tion in comparison to BLUP and DFREML methods. The BLUP 
method was considered to be second more appropriate than the 
DFREML method. The results obtained in the present study are 
in conformation to the reports of Tajane and Rai,14 Sahana and 
Gurnani,15 Deulkar and Kothekar,16 Kumar17 and Mukharjee.18 

However, Dhaka and Dahia,19 Dahia,20 Bajeetha.9 Dubey et al21 
and Bajeetha and Singh12 reported BLUP as best procedure in 
comparison to other procedures of sire evaluation.

 Accuracy of the methods of sire evaluation was deter-
mined by comparing the simple (product moment correlations 
and spearman’s rank correlation) correlation of breeding value 

of sires estimated by various sire evaluation methods for first 
lactation performance traits. The simple correlations and rank 
correlations among all the three methods of sire evaluation were 
very high and significant. The product moment correlations 
among LSM and DFREML and BLUP methods of sire evalu-
ation ranged from 0.974 to 1.00, where as the rank correlations 
among breeding value of sires ranged from 0.994 to 0.998 for 
first lactation traits (Table 2). 

 In the present study, all the estimates of simple and rank 
correlations were highly significant. These findings agreed with 
the reports of Dalal et al,22 Dubey et al,21 Banik and Gandhi,23 
Bajetha,9 Mukharjee et al,4 Kumar et al3 and Moges et al.10

 
 The top 10 sires ranked on the basis of first lactation 
traits revealed that all sires would not rank same for all the 
methods. However, the rank of sires for different sire evaluation 
methods revealed that 4-5% top sires almost had similar rank for 
all the methods (Table 3). Similar results were also reported by 
Dalal et al,22 Bajetha,9 Dubey et al,21 Moges et al,10 Singh and 
Singh,11 Singh et al25 and Bajeetha and Singh,12 Lodhi et al,24 
Lodhi et al26 and Singh and Singh.27 
 
 In comparison of these methods of sire evaluation LSM 
method was found to be more efficient, accurate, and stable 

Traits under study

AFC FLP FDP FCI FSP

LSM DFREML BLUP LSM DFREML BLUP LSM DFREML BLUP LSM DFREML BLUP LSM DFREML BLUP

LSM - 0.99 0.99 - 0.99 0.99 - 0.99 0.99 - 0.99 1.00 - 0.99 0.99

DFREML 0.97 - 0.99 0.99 - 0.99 0.98 - 0.99 0.98 - 0.99 0.99 - 0.98

BLUP 0.99 0.98 - 0.99 0.99 - 0.99 0.98 - 0.99 0.99 - 1.00 0.99 -

Table 2: Spearman’s Rank and Product moment correlation among different sire evaluation methods.

Table 3: Top 10 sires ranks on the basis of estimated breeding values of sires for first lactation traits by different methods.

Rank
AFC FLP FDP FCI

LSM DFREML BLUP LSM DFREML BLUP LSM DFREML BLUP LSM DFREML BLUP

1. 25 25 25 20 20 20 43 43 43 20 20 20

2. 38 46 38 21 64 21 23 35 23 25 25 25

3. 32 32 58 64 21 64 50 23 50 47 47 47

4. 58 58 32 42 42 42 19 50 19 42 53 42

5. 24 38 24 26 26 26 12 12 12 53 42 53

6. 40 24 46 44 44 44 26 26 35 21 56 56

7. 46 40 40 23 29 22 15 66 15 56 61 21

8. 26 41 53 22 50 23 66 19 66 45 45 45

9. 47 52 47 50 32 50 35 59 26 61 21 61

10. 34 34 26 29 22 29 33 28 59 29 29 29
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with lowest genetic variation. The rank correlation coefficients 
amongst breeding value of sires by different methods of sire 
evaluation showed reasonably high degree of agreement (79%) 
in the ranking of sires.

CONCLUSION

These results indicated that the estimated breeding values 
(EBV’S) of sires had very high and significant product moment 
correlations and rank correlations among all lifetime traits 
estimated by all the methods. These estimates indicating that 
there was higher degree of similarly (about 85-90%) in ranking 
of sires by different methods. However, the ranks of sires for 
different traits revealed that 4-5% top sires had similar rank 
for all life time traits. In comparison of these methods of sire 
evaluation LSM method was found to be more efficient, accurate 
and stable with lowest genetic variation. The rank correlation 
coefficients amongst breeding value of sires by different methods 
of sire evaluation showed reasonably high degree of agreement 
(79%) in the ranking of sires. 
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