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Abstract

Bovine leukemia virus (BLV) is the etiological agent of enzootic bovine leucosis (EBL), which is the most
prevalent neoplastic disease of cattle worldwide. Few studies have been conducted on BLV detection in Egypt,
and it is unknown whether BLV is prevalent in some areas. BLV seroprevalence has never been identified in
Beheira province. Therefore, the main objective of this research was to determine the seroprevalence of BLV
among cattle in Beheira. A total of 368 cattle plasma samples (219 dairy and 149 beef) from 6 dairy farms, 1
beef farm, and 9 slaughterhouses in eight districts covering most geographical areas of Beheira were investi-
gated using a commercial ELISA for the detection of anti-gp51 antibodies. Data were analyzed, and the risk
factors associated with BLV infection were evaluated. Out of the whole samples, 44 (11.9%) tested positive for
BLYV, and the seroprevalence rates in dairy and beef cattle were 31/219 (14.2%) and 13/149 (8.7%), respective-
ly. Cattle breed had a significant risk factor on BLV seroprevalence, as in Holstein cattle, it was 21.65% (OR=
3.1, P <0.004) higher than mixed local breed (8.20%) in dairy cattle. However, Colombian cattle showed the
highest seroprevalence (19.15%) among tested beef cattle breeds. Additionally, neither age nor farming system
had a potential risk on BLV seroprevalence in the tested dairy or beef cattle (P> 0.1). It is concluded that BLV
infection is widespread among cattle in Beheira province’s various localities, with a potential risk for cattle of
foreign breeds to contract the BLV infection.
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INTRODUCTION

Bovine leukemia virus (BLV) is an oncogenic virus belonging
to the family Retroviridae. It is the etiological agent of enzootic
bovine leucosis (EBL), which is the most prevalent neoplastic dis-
ease of cattle (Gillet et al., 2007; Aida et al., 2013). Once infected,
the animal becomes seropositive after three weeks and remains
persistently infected lifelong (Tajima et al, 1998; Nagy et al,
2007). Approximately 65% of infected cattle remain clinically nor-
mal, 30% develop persistent lymphocytosis and 5-10% develop
lymphosarcoma (Radostits et al.,, 2007). BLV infection commonly
impairs the cattle industry worldwide and causes considerable
economic losses due to early death of animals from lymphomas,
carcass rejection at slaughter, reduction in milk supply, lower
immunity, as well as effects on reproductive performance and
longevity (Berg et al, 2015; Mekata et al, 2015; Marawan et al.,
2021). BLV can be transmitted vertically and horizontally in addi-
tion to the other iatrogenic procedures involving the transfer of
infected blood between animals (i.e., dehorning, ear tattooing,
rectal palpation, and needle reuse), and is responsible for disease
propagation in a herd (Hopkins and DiGiacomo, 1997). Although
BLV-associated lymphosarcoma can affect both beef and dairy
cattle, the disease more frequently occurs in dairy herds (Juliare-

na et al., 2017).

The World Organization for Animal Health (WOAH) has clas-
sified EBL as one of the diseases that could significantly affect
global trade. Through the trade in breeding animals, BLV has in-
vaded every continent and is currently a common disease of cat-
tle worldwide (Polat et al., 2017). The prevalence of BLV in the cat-
tle population varies greatly between different countries, ranging
from (30-94%) in the United States (US), Asia, and South America
(Scott et al.,, 2006; Murakami et al., 2013; Polat et al., 2016; More
et al, 2017; LaDronka et al, 2018; Yang et al, 2019; Moe et al,
2020). On the other hand, the majority of the European nations
have already reached the desired prevalence level (0.2% infected
herds) or are on their way to achieve officially free status: mean-
while, the disease is still present in Romania, Bulgaria (Sandev
et al., 2015), Hungary, Croatia, and Estonia, Greece, Poland, Italy
and Portugal (Berg et al., 2015). In Africa, BLV infection has been
reported in Botswana, Namibia, Zambia, Tanzania, and South Af-
rica (Mushi et al., 1990; Kaura and Hlbschle, 1994; Schoepf et al.,
1997; Phiri et al, 2019; Suzuki et al, 2020). In Egypt, EBL cases
were first diagnosed in 1997 in an imported cattle herd (Zaghawa
et al., 2002). The WOAH (previously: OIE) considers that Egypt has
been free from BLV since 1997 (Polat et al,, 2017; Hamada et al.,
2020). Recently, BLV has been reported in few provinces by using
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serological and molecular methods (Zaher and Ahmed, 2014; Se-
lim et al, 2019; Hamada et al,, 2020; Metwally et al., 2020; Selim
et al, 2021).

Effective control and eradication programs of BLV depend
on the accurate diagnosis and prevalence data of the disease.
Therefore, a wide variety of techniques have been developed for
BLV diagnosis in different laboratories globally, depending on
the molecular methods to detect the integrated proviral genomic
material in host genome by PCR (Tajima and Aida, 2005; Takeshi-
ma et al,, 2016) and/ or other serological detection of anti-BLV
antibodies in animal serum, plasma, and milk (Kurdi et al., 1999;
Ladronka et al, 2018). A commercially available ELISAs are the
highly sensitive and easily implemented procedure, and can be
used to detect anti-BLV antibodies in clinical samples (Naif et al,,
1992; Polat et al., 2017). Preventive measures have been effective
in reducing the clinical effects of BLV infection. It is still debatable
whether this strategy, which is entirely based on strict sanitary
regulations and culling of the infected animals from the herd,
is effective. The success of this strategy in eradication of BLV in
several European nations serves as evidence of its effectiveness
(Gutiérrez et al., 2014).

Egypt comprises more than 18 million animals, of them about
5 million cattle heads (FAO stat, 2018), with the highest densi-
ty (approximately 20% of the total cattle population of Egypt)
presents in Beheira province, which is located in the Nile Delta,
the northern corner of Egypt. These cattle are reared in intensive,
semi-intensive, or smallholder systems (Abdi et al, 2020). How-
ever, the nation’s livestock numbers are decreasing gradually as a
result of the severe losses due to outbreaks of infectious diseas-
es (FAO stat, 2020). Even though BLV is widespread around the
world, epidemiological data on its prevalence in some regions
are still unavailable. Detailed epidemiological information on
the prevalence of BLV throughout Egypt is needed. Up to date,
there are few studies regarding BLV prevalence in Egypt, further-
more, BLV detection in Beheira province has never been reported.
Therefore, the aim of this study was to detect the seroprevalence
of BLV in dairy and beef cattle in Behaira province and to assess
the risk factors related to the infection.

MATERIALS AND METHODS

Ethical statement

Ethical approval for this study was obtained from the Institu-
tional Committee of Ethics in the Faculty of Veterinary Medicine,
Damanhour University, Egypt (No. DMU/VetINF-2019-/0146).
Permissions were obtained from the animal's owners for volun-
tary participation in the study and where permissions were not
granted. All methods for the study were carried out in accor-
dance with the relevant guidelines and regulations. All experi-
ments have been performed in accordance with the ethical stan-
dards laid down in the 1964 Declaration of Helsinki and its later
amendments.

Farms and Animals

A total number of 368 heads of cattle were investigated in
this study during the period from January 2022 to October 2022.
Dairy cows (n=219) and beef males (n=146) were sampled from
16 farms and slaughterhouses classified as 6 dairy farms, 1 beef
farm, and 9 slaughterhouses distributed in eight different dis-
tricts covering most of the geographical area of Beheira province
in northern Egypt namely: Nubariyah, Abu El Matamir, Edku, Abu
Hummus, El Delengat, Kafr El Dawwar, Damanhour, and Hosh Eis-
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sa (Figure 1). The number of tested farms was variable between
districts. The dairy herds were comprising female cattle, while,
the beef herd was comprising males, and the ages ranged from 2
to 12 years. However, males that had been collected from slaugh-
terhouses were of 2 years old. Samples were collected randomly
in all farms and slaughterhouses and the specific records of the
tested animals’ breeds, ages, sexes, and farming systems were
reported. Of note, about 10% of the animals were sampled from
each farm.

A)

Mediterranean Sea

Fig. 1. (A) The geographical map of Egypt shows the location of Beheira prov-
ince indicated by dark grey color. (B) The landscape shows the geographical
distribution of the eight investigated localities in Beheira which are indicated
by dark grey color and the numbers of tested samples from each district are
written in boxes.

Blood sampling and plasma separation

Blood samples were collected for the serological examina-
tion of the presence of anti-BLV antibodies. Blood was drawn
through the jugular vein in an aseptic manner, transferred to
EDTA vacutainer tubes, and centrifuged for 15 minutes at 3000
rpm at room temperature to separate the plasma. Before testing,
collected plasma were kept at -20°C.

Detection of anti-BLV antibodies by ELISA

All 368 plasma samples were serologically investigated for
the presence of anti-BLV antibodies via competitive ELISA, using
a commercial ELISA kit. Concisely, we used ID Screen Competitive
ELISA kit for the detection of anti-gP51 antibodies in individual
plasma samples (ID.vet, rue Louis Pasteur, Grabels- France). Steps
of ELISA were done according to the manufacturer’s instructions.
The optical density (OD) was measured at 450 nm by an ELISA
plate reader (Byonoy, Hamburg, Germany). The competition per-
centage (S/N %) of each sample was calculated as follows:

S/N =(OD sample)/(OD NC)x 100

OD sample: mean optical density value of the sample, OD NC:
mean OD value of negative control, and samples with an S/N
value < 50% were considered positive.

Statistical analysis

BLV seroprevalence in tested cattle was determined by
counting the positive samples. The significance of the differences
in the infection rates of the disease and risk factors were deter-
mined by the Chi-square (x?) test using online statistics software
http://vassarstats.net/ and GraphPad Prism version 7. A P value of
< 0.05 was considered statistically significant. Odds ratios (OR) at
95% confidence intervals were calculated using www.vassarstats.
net and GraphPad Prism version 7.
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RESULTS

Plasma samples of 368 cattle (dairy cows (n=219); beef calves
(n=146)) from eight different districts in Beheira province (Figure
1) were investigated for the presence of anti-BLV antibodies. The
total BLV seroprevalence was 44/368 (11.96%). Out of 219 dairy
cows, 31 (14.16%); and of 149 beef males, 13 (8.72%) were se-
ropositive for BLV antibodies (Table 1). The seroprevalence was
significantly different among districts in case of dairy cattle (p
<0.0001), but not in case of beef cattle breeds (p = 0.826) (Ta-
ble 1). In details, El Delengat district had the greatest seroprev-
alence of BLV (10/23, 43.48%) among the examined dairy farms,
followed by Nubariyah (20/57, 35.09%) and Abu Hummus (1/40,
2.50%). None of 27, 22, and 50 cows from Abu El Matamir, Edku,
and Kafr El Dawwar dairy farms respectively, were tested positive
(Table 1). Notably, anti-BLV antibodies were detected in beef cat-

tle in all investigated localities. Indeed, Hosh Eissa had the high-
est BLV seroprevalence (3/24, 12.50%), while Damanhour showed
the lowest (1/19, 5.26%). Other beef cattle plasma samples from
Abu Hummus, El Delengat, and Kafr El Dawwar showed a BLV
seroprevalence rates of (4/43, 9.30%), (2/37, 5.41%), and (3/26,
11.54), respectively (Table 1). The total BLV seroprevalence per
region was calculated in the districts that were including both
dairy and beef cattle. The highest seroprevalence was shown in El
Delengat (12/60, 20.0%), followed by Abu Hummus (5/83, 6.02%),
and Kafr El Dawwar (3/76, 3.95%) (Table 1).

In this study, an epidemiological investigation of risk variables
was conducted to establish the effect of age, breed, locality, and
farming system on the seroprevalence of BLV in both dairy and
beef cattle. Risk variables were examined as potential risk factors
for BLV positive cases, and the odds ratios and p value based on
the Chi-squared test were calculated. Variable factors with OR >1

Tablel. Seroprevalence of bovine leukemia virus in dairy and beef cattle from different localities in Beheira province.

Dairy cattle Beef cattle Total No. of .
Locality No.of  No. of positive 95% CI P No. of  No. of positive o farms & abat- Pom;]we O//Total
samples %) o value samples %) 95% CI P value toirs 0 (%)
Nubariyah 57 20(35.09) 23.2-48.9 <0.0001 - - 0.83 1 20/57(35.09)
Abu El-Matamir 27 0(0.00) 0-155 - - 1 0/27(0.00)
Edku 22 0(0.00) 0-18.5 - - 1 0/22(0.00)
Abu Hummus 40 1(2.50) 0.13-14.7 43 4(9.30) 3.2-23.05 3 5/83(6.02)
El-Delengat 23 10(43.48) 23.9-65.1 37 2(5.41) 0.94-19.5 3 12/ 60 (20.0)
Kafr El-Dawwar 50 0(0.00) 0-8.88 26 3(11.54)  3.02-313 3 3/76(3.95)
Damanhour - - 19 1(5.26) 0.27-28.1 2 1/19(5.26)
Hosh Eissa - - 24 3(12.50) 3.28-33.5 2 3/24(12.50)
Total 219 31 (14.16) 149 13 (8.72) 16 44 /368 (11.96)
Table 2. Risk factors associated with bovine leukemia virus infection among dairy cattle.
Tested variable Positive /No of samples OR C1% of OR P value
(%) Lower Upper
Age
<4 years 0/16 (0.00) 0 0 Infinity 0.56
4-6 years 27/155 (17.42) 2.3 0.8 6.4 0.16
> 6 years 4 /48 (8.30) Ref.
Breed
Holstein 21/97 (21.65) 3.1 1.4 6.7 0.00
Mixed 10/ 122 (8.20) Ref.
Locality
El-Delengat 10/23 (43.48) 30 3.9 3322 0.00
Abu El-Matamir 0/27(0.00) 0 Infinity 0.59
Edku 0/22(0.00) 0 Infinity 0.64
Abu Hummus 1/40 (2.50) Ref.
Nubariyah 20 /57 (35.09) 21.1 2.7 165 0.00
Kafr El-Dawwar 0/50(0.00) 0 0 Infinity 0.44
Farming system*
Intensive 21/147 (14.29) 1 0.5 2.3 0.9
Semi-intensive 10 /72 (13.89) Ref.

* Semi-intensive farm (10 -100 heads), intensive farm (100 -1000 heads).
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were classified as susceptible to BLV infection, while those with
OR <1 were not. Regarding the age of dairy cows, it was noticed
that cows’ group 4-6 years old had a higher seroprevalence of
BLV (17.41%; ORs = 2.3; p = 0.16) than those of older than 6 years
(8.31%) (reference group) or cows < 4 years old (0.0%; ORs = 0; p
= 0.56), but that difference was not statistically significant (Table
2). In aspects of breeds of dairy cattle, it had been shown that
the mixed breed had a seroprevalence rate of 8.20%, meanwhile,
Holstein cows had a significantly higher seroprevalence (21.65%;
OR = 3.1; P= 0.004) (Table 2). Notably, the seropositive cases of
BLV had been detected only in three dairy farms out over the
six examined districts. The lowest seroprevalence was reported
in Abu Hummus (2.50%) which was used as a reference, thus a
significant increase in seroprevalence was reported in El Delengat
(43.48%; OR = 30; P= 0.0001), followed by Nubariyah (35.09%;
OR = 21.1; P= 0.0001) in comparison (Table 2). For the dairy cattle
farming system, there was no significant difference in seroprev-
alence rates between intensive (14.29%; OR = 1.0; P= 0.9) and
semi-intensive farms (13.89%) (Table 2).

To examine the predisposing factors for BLV occurrence
among beef cattle, the farming system, locality, and breed were
considered. As all investigated beef calves were around two years
old, age was ignored as a possible risk factor. A non-significant
difference in BLV seroprevalence was noticed between the beef
farm (15.38%; OR = 2.1; p= 0.37) and the slaughterhouses-orig-
inated samples (8.09%) (Table 3). The seroprevalence of BLV in
Abu Hummus which was used as a reference was (9.30%). An-
ti-BLV antibodies were reported in all examined districts with
non-significant differences whereas the seroprevalence rates
were 12.50%, 5.41%, 11.54%, and 5.26%; ORs = 1.4, 0.6, 1.3, and
0.5; and p = 0.68, 0.68, 0.5, and 0.5 in Hosh Eissa, El Delengat,
Kafr EI-Dawwar, and Damanhour, respectively (Table 3). Addition-
ally, for the beef cattle breeds, the mixed cattle breed (reference
group) showed the lowest seroprevalence (2.25%), thus a signif-
icant increase was noticed in the Colombian calves (19.15%; OR
=10.3; p = 0.0006), followed by the Holstein calves (15.38%) but
not significant (OR = 7.9; p = 0.07) in comparison (Table 3).

DISCUSSION

The Egyptian bovine sector is well integrated with cropland

since there are limited natural pastures. Egypt continues to put
policies in place to increase animal production. It is clear that an
increase in cattle imports over the past ten years has boosted the
performance of the cattle industry (FAO, 2018; Abdi et al., 2020).
As Beheira province is the largest producer of agricultural crops
needed for animal nutrition, it is comprising the highest number
of cattle in entire the country. Therefore, this study was conduct-
ed to provide a sero-epidemiological survey on BLV infection
among both dairy and beef cattle in such an important region of
Egypt, with a focus on the risk factors related to its occurrence.

This study’s overall BLV seroprevalence was 11.96% (44/368).
To date, few studies have investigated the serological prevalence
of BLV infection among cattle in north Egypt and this research
is the first detection of BLV positive cases in Beheira province.
Our previous report on the molecular detection of BLV in Egyp-
tian cattle was the only investigated BLV in dairy farms in Behei-
ra, however the number of samples was few and totally tested
negative (Hamada et al,, 2020). By comparing the BLV infection
rate among the eight investigated districts in the province, the
seropositive cases were reported in six regions (Nubariyah, Abu
Hummus, El Delengat, Kafr EI Dawwar, Damanhour, and Hosh
Eissa) while cattle from Abu El Matamir and Edku were negative
(Table 1). Additionally, the highest seroprevalence was in Nubari-
yah (35.09%) and the lowest was in Kafr El Dawwar (3.95%). These
findings reported a higher total BLV seroprevalence in Beheira as
well as in its examined districts than the previous seroprevalence
rates of BLV in the neighbor regions and some other governor-
ates in the Egyptian Delta such as Menofia (6.0%) and Qalyubia
(5.0%) (Selim et al., 2019). This could be reasonable because the
majority of cattle in Beheira were imported foreign breeds and
reared in intensive farms of high density (Abdi et al.,, 2020; Met-
wally et al., 2020).

Noticeably, the BLV seroprevalence in the investigated dairy
cattle was 14.16% with a significant increase than in beef cattle
(8.72%). This could be reflective to the ages and breeds of the
investigated cattle. As most of the dairy cows were females older
than three years, while the beef calves were about two years old
males and most of them were submitted to slaughter. Therefore,
the dairy herds were able to maintain the BLV infection with a
higher prevalence than beef cattle due to longevity and the pos-
sible vertical and horizontal transmission of the disease (Hop-
kins and DiGiacomo, 1997; Juliarena et al,, 2017). In this study
the reported BLV seroprevalence in dairy cattle was close to or
lower than that reported in dairy cattle of some close geograph-
ical areas as Alexandria (20.3%), Kafr el-Sheikh (16.2%), Menofia
(18.5%), and Qalyubia (17.1%) as determined by ELISA (Selim et

Table 3. Risk factors associated with bovine leukemia virus infection among beef cattle.

Tested variable Positive / No of samples OR CI%ofOR P value
(%) Lower Upper

Farming system

Beef farm 2/13 (15.38) 2.1 0.4 9.7 0.37

Slaughterhouses 11 /136 (8.09) Ref.

Locality

Hosh Eissa 3 /24 (12.50) 1.4 0.3 5.6 0.68

Abu Hummus 4/43(9.30) Ref.

El Delengat 2/37(5.41) 0.6 0.1 32 0.68

Kafr El-Dawwar 3/26(11.54) 1.3 0.3 6.2 0.5

Damanhour 1/ 19 (5.26) 0.5 0.06 52 0.5

Breed

Colombian 9/47(19.15) 10.3 2.44 48.5 0.00

Holstein 2/13(15.38) 7.9 1 61.9 0.07

Mixed 2/89(2.25) Ref.

*Age of all beef cattle ranged from 1.5- 2 years.
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al., 2020), but higher than that in Alexandria (7.4%) as reported in
an earlier serological study (Zaher and Ahmed, 2014).

The beef sector in Egypt is narrow scale, beef farms are
limited, and is comprising male calves and infertile females for
meat supply (Abdi et al., 2020). Therefore, the investigated beef
samples were collected from nine slaughterhouses distributed in
five regions and only one beef farm. The findings showed a de-
crease in BLV prevalence (8.72%) than our previous report that
was conducted on the molecular detection of BLV among beef
cattle (28.0%) in Egypt, in which we found 77.4% BLV prevalence
in Cairo and 4.8% in Qena governorates (Metwally et al., 2020).

Egypt is importing the majority of its live dairy cattle from
other countries like Germany, the Netherlands, and the US due to
the low milk production of local cattle breeds. Egypt continues to
rely on imported live beef cattle and frozen meat due to a short-
age in beef cattle breeds and meat products. The primary sources
of live beef cattle for Egypt include Sudan, Brazil, Spain, Colom-
bia, Ukraine, Hungary, and India with the majority of these ani-
mals being destined for immediate slaughter (FAO, 2018; Abdi et
al., 2020). The dairy cows included in this study were two breeds,
local mixed breed and Holstein foreign breed. Interestingly, Hol-
stein cows had a significantly higher seropositivity to BLV than
mixed-breed cows. On the other hand, samples taken from beef
calves were representing three different breeds named: Colom-
bian, Mixed, and Holstein. The Colombian calves showed the
highest BLV seroprevalence compared to the mixed or Holstein
individuals. These findings indicate that the BLV is widely distrib-
uted among imported foreign breeds of cattle in Beheira prov-
ince. This is consistent with previously reported data showing a
100% infection rate in one farm in the province of Damietta that
comprised Holstein cows (Hamada et al., 2020). Additionally, in
Assiut, upper Egypt, Zaghawa et al. in 2002, reported 50.3% of
BLV infection following serological screening of a dairy herd of
Holstein Friesian cattle imported from the US (Zaghawa et al,
2002). In contrast, Metwally et al. (2020) reported a BLV preva-
lence of 77.4% among beef calves of the mixed breed that were
presented for slaughter in Cairo, which is a considerably higher
rate than which we found among the mixed breed cattle in this
study. This may be due to the random origin of the beef calves
that were sold live either in livestock markets or to butchers or
directly to slaughterhouses in Cairo, the largest and capital city
of Egypt.

Loose housing in dairy farms and direct contact between
calves and adult cattle in beef farms act as potential factors for
the spread of BLV infection (Kobayashi et al., 2010). Consequent-
ly, BLV transmission is likely to be spread more in large-sized than
small-sized herds as previously reported (Kobayashi et al., 2010;
Haghparast et al., 2012; Selim et al., 2020). Contrary to expecta-
tions, there was no significant difference in the seroprevalence
between the investigated semi-intensive or intensive farms in the
investigated dairy population. Similarly, the findings revealed no
discernible difference between samples obtained from slaughter-
houses and beef farming herds. It seems unlikely that herd size
alone would be a risk factor for higher within-herd BLV preva-
lence; instead, it appears that the risk association is caused by in-
termediary factors, like herd management techniques (Ladronka
et al, 2018; Selim et al.,, 2021).

We found that dairy cows 4-6 years old had a higher sero-
prevalence than younger animals or elderly ones, supporting
earlier observations (Erskine et al, 2012; Morovati et al, 2012;
Selim et al., 2020). An increased seroprevalence in older cows in
dairy herds as a result of the longer exposure time is likely linked.
Moreover, cattle over 4-5 years old are more likely to develop
the malignant form of B-cell lymphoma (Zaghawa et al,, 2002;
Radostits et al., 2007; Gutiérrez et al., 2014). Overall, the current
study provided strong evidence that BLV infection is widespread
among cattle in Beheira province’s various localities, with a po-
tential risk for cattle of the foreign breeds to contract the infec-
tion. Therefore, further research is needed to determine the risk
of virus prevalence on large herd scales for the dairy and beef
industries and to molecularly characterize the prevalent BLV gen-

otypes in Beheira province.

CONCLUSION

The findings of this study presented new insights on the se-
roprevalence of BLV in dairy and beef cattle in Beheira province,
Egypt. In this study, higher seroprevalence rates of BLV were re-
ported in dairy cattle, and epidemiological risk for seropositivi-
ty in imported dairy and beef cattle of foreign breeds was also
noticed. When these data combined with the fact that imported
cattle breeds were kept in Egypt to create industrial cattle herds,
there is a risk that the virus will spread throughout the entire
population of cattle. To fully understand the wide prevalence of
BLV infections in Egypt, further large-scale research is required.
Additionally, the use of control strategies for prevention of the
EBL occurrence in the Egyptian cattle farms is highly needed.

ACKNOWLEDGMENTS

The authors would like to acknowledge the veterinarians in
the cattle farms and slaughterhouses for helping in the collection
of samples as well as the owners of animals for providing the
animal’s data.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

REFERENCES

Abdi, A, Roushdy, S., Beillard, M.J,, 2020. Egypt Livestock and Products.
Annual GAIN report 2019. Egyptian Beef Prices Stable, U. S. Beef
Imports Challenged. pp. 1-12.

Aida, Y., Murakami, H., Takahashi, M., Takeshima, S.N., 2013. Mechanisms
of pathogenesis induced by bovine leukemia virus as a mod-
el for human T-cell leukemia virus. Front. Microbiol. 4, 1-11.
doi:10.3389/fmicb.2013.00328.

Berg, C., Bgtner, A, Browman, H., De Koeijer, A., Depner, K., Domingo,
M., 2015. Scientific opinion Enzootic bovine leukosis. EFSA Panel
on Animal Health and Welfare (AHAW) Enzootic bovine leukosis
Panel members. EFSA Journal 13, 4188. doi:10.2903/j.efsa.2015.

Erskine, R.J., Bartlett, P.C.,, Byrem, T.M., Render, C.L., Febvay, C., Houseman,
J.T., 2012. Using a Herd Profile to Determine Age-Specific Prev-
alence of Bovine Leukemia Virus in Michigan Dairy Herds. Vet.
Med. Int. 2012, 350374. doi:10.1155/2012/350374.

FAO stat, 2018. Agency, U. S., Development, I. Livestock production sys-
tems spotlight Cattle and buffaloes and poultry sectors Livestock
production systems spotlight Cattle and buffaloes, poultry sec-
tors in Egypt. http://www.fao.org/ag/againfo/programmes/en/
ASL2050.html.

FAO stat, 2020. World Food and Agriculture - Statistical Yearbook 2020.
doi:10.4060/cb1329en.

Gillet, N., Florins, A., Boxus, M., Burteau, C., Nigro, A, Vandermeers, F.,
2007. Mechanisms of leukemogenesis induced by bovine leuke-
mia virus: prospects for novel anti-retroviral therapies in human.
Retrovirology 4, 1-32.

Gutiérrez, G, Rodriguez, S.M., De Brogniez, A, Gillet, N., Golime, R,, Burny,
A., 2014. Vaccination against &-retroviruses: The bovine leukemia
virus paradigm. Viruses 6, 2416-2427. doi:10.3390/v6062416.

Haghparast, A., Tabatabaei Zadeh, S.E., Mohammadi, G.R., 2012. Preva-
lence of Bovine Leukemia Virus (BLV) antibodies in bulk tank milk
of dairy cattle herds of Mashhad area, North East of Iran. J. Anim.
Vet. Adv. 11, 276-280

Hamada, R, Metwally, S., Polat, M., Borjigin, L., Ali, A.O., Abdel-Hady,
AA., 2020. Detection and molecular characterization of bovine
leukemia virus in Egyptian dairy cattle. Front. Vet. Sci. 7, 608. doi
10.3389/fvets.

Hopkins, S.G., DiGiacomo, R.F., 1997. Natural transmission of bovine leu-
kemia virus in dairy and beef cattle. Vet. Clin. North Am. Food
Anim. Pract. 13, 107-128.

Juliarena, M.A,, Barrios, C.N., Lutzelschwab, C.M., Esteban, E.N., Gutierrez,
S.E., 2017. Bovine leukemia virus: current perspectives. Journal of
Virus Adaptation and Treatment 7, 13-26.

Kaura, H.T., Hubschle, O.J., 1994. The occurrence of enzootic bovine leu-
kosis (EBL) in Namibia-an epidemiological study. Dtsch. Tierarztl.

841



Samy Metwally et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 5, 837-842

Wochenschr. 101, 66-67.

Kobayashi, S., Tsutsui, T., Yamamoto, T., Hayama, Y., Kameyama, K. ichiro,
Konishi, M., 2010. Risk factors associated with within-herd trans-
mission of bovine leukemia virus on dairy farms in Japan. BMC
Vet. Res. 6, 1-6. doi:10.1186/1746-6148-6-1.

Kurdi, A., Blankenstein, P., Marquardt, O., Ebner, D., 1999. Serologic and
virologic investigations on the presence of BLV infection in a dairy
herd in Syria. Berl. Munch. Tierarztl. Wochenschr. 112, 18-23.

Ladronka, R.M., Ainsworth, S., Wilkins, M.J.,, Norby, B. Byrem, T.M.,
Bartlett, P.C., 2018. Prevalence of Bovine Leukemia Virus
Antibodies in US Dairy Cattle. Vet. Med. Int. 2018, 33-36.
doi:10.1155/2018/5831278.

Marawan, M.A,, Alouffi, A, El Tokhy, S., Badawy, S., Shirani, |., Dawood, A.,
2021. Bovine Leukaemia Virus: Current Epidemiological Circum-
stance and Future Prospective. Viruses 13, 2167.

Mekata, H., Sekiguchi, S., Konnai, S., Kirino, Y., Horii, Y., 2015. Horizontal
transmission and phylogenetic analysis of bovine leukemia virus
in two districts of Miyazaki , Japan. J. Vet. Med. Sci. 77, 1115-1120.
doi:10.1292/jvms.14-0624.

Metwally, S., Hamada, R, Ali, A.O., Mahmoud, H.Y.A.H., Baker, N.M., Mo-
hamed, A.E.A,, 2020. Detection and molecular characterization of
bovine leukemia virus in beef cattle presented for slaughter in
Egypt. J. Vet. Med. Sci. 82, 1676-1684.

Moe, KK, Polat, M., Borjigin, L., Matsuura, R., Hein, S.T., Moe, H.H., 2020.
New evidence of bovine leukemia virus circulating in Myanmar
cattle through epidemiological and molecular characterization.
PLoS One 15, 1-20. doi:10.1371/journal.pone.0229126.

More, S., Batner, A., Butterworth, A, Calistri, P., Depner, K., Edwards, S.,
2017. Assessment of listing and categorisation of animal diseas-
es within the framework of the Animal Health Law (Regulation
(EU) No 2016/429): enzootic bovine leukosis (EBL. EFSA J. 15.
doi:10.2903/j.efsa.2017.4956.

Morovati, H., Shirvani, E., Noaman, V., Lotfi, M., Kamalzadeh, M., Hatami,
A., 2012. Seroprevalence of bovine leukemia virus (BLV) infection
in dairy cattle in Isfahan Province, Iran. Trop. Anim. Health Prod.
44, 1127-1129.

Murakami, K., Kobayashi, S., Konishi, M., Kameyama, K., Tsutsui, T., 2013.
Nationwide Survey of Bovine Leukemia Virus Infection among
Dairy and Beef Breeding Cattle in Japan from 2010-2011. J. Vet.
Med. Sci. 75,1123-1126.

Mushi, E.Z., Wibberley, G., Kupe, D.C., 1990. Antibodies to enzootic bovine
viral leukosis in Botswana. Trop. Anim. Health Prod. 22, 126.

Nagy, D.W., Tyler, JW., Kleiboeker, S.B., 2007. Decreased Periparturient
Transmission of Bovine Leukosis Virus in Colostrum-Fed Calves. J.
Vet. Intern. Med. 21,1104-1107.

Naif, H.M., Daniel, R.C.W., Cougle, W.G., Lavin, M.F., 1992. Early Detection
of Bovine Leukemia Virus by Using an Enzyme- Linked Assay for
Polymerase Chain Reaction-Amplified Proviral DNA in Experi-
mentally Infected Cattle. J. Clin. Microbiol. 30, 675-679.

Phiri, M.M., Kaimoyo, E., Changula, K., Silwamba, I, Chambaro, H.M., Kapi-
la, P, 2019. Molecular detection and characterization of genotype
1 bovine leukemia virus from beef cattle in the traditional sector
in Zambia. Arch. Virol. 164, 2531-2536.

Polat, M., Takeshima, S.N., Aida, Y., 2017. Epidemiology and genetic di-
versity of bovine leukemia virus. Virol. J. 14, 1-16. doi:10.1186/
$12985-017-0876-4.

842

Polat, M., Takeshima, S., Hosomichi, K., Kim, J., Miyasaka, T., Yamada, K.,
2016. A new genotype of bovine leukemia virus in South Amer-
ica identified by NGS-based whole genome sequencing and
molecular evolutionary genetic analysis. Retrovirology 13, 1-23.
doi:10.1186/512977-016-0239-z.

Radostits, O.M., Gay, C.C., Hinchcliff, KW., Constable, P.D., 2007. A text-
book of the diseases of cattle, horses, sheep, pigs and goats. Vet.
Med. 10, 2045-2050.

Sandev, N, llieva, D., Rusenova, N., Marasheva, V., 2015. Prevalence of
Enzootic Bovine Leukosis in Bulgaria. Bull. Univ. Agric. Sci. Vet.
Med. Cluj-Napoca. Vet. Med. 72, 43-46.

Schoepf, K.C., Kapaga, A.M., Masami, H.M., Hyera, J.M.K,, 1997. Serological
evidence of the occurrence of enzootic bovine leukosis (EBL) virus
infection in cattle in Tanzania. Trop. Anim. Health Prod. 29, 15-19.

Scott, H.M,, Sorensen, O., Wu, J.T.Y., Chow, E.Y.W., Manninen, K., VanLeeu-
wen, J.A.,, 2006. Seroprevalence of Mycobacterium avium subspe-
cies paratuberculosis, Neospora caninum, Bovine leukemia virus,
Bovine viral diarrhea virus infection among dairy cattle and herds
in Alberta and agroecological risk factors associated with sero-
positivity. Can. Vet. J. 47, 981-991.

Selim, A, Manaa, E.A.,, Alanazi, A.D., Alyousif, M.S., 2021. Seroprevalence,
risk factors and molecular identification of bovine leukemia virus
in Egyptian Cattle. Animals 11, 319.

Selim, A, Marawan, M.A,, Ali, AF., Manaa, E., AbouelGhaut, H.A,, 2019.
Seroprevalence of bovine leukemia virus in cattle, buffalo, camel
in Egypt. Trop. Anim. Health Prod. 52, 1207-1210. doi:10.1007/
s11250-019-02105-8.

Selim, A, Megahed, AA, Kandeel, S., Abdelhady, A., 2020. Risk factor
analysis of bovine leukemia virus infection in dairy cattle in Egypt.
Comp. Immunol. Microbiol. Infect. Dis. 72, 101517.

Suzuki, A., Chapman, R, Douglass, N., Carulei, O., van Rensburg, J., Wil-
liamson, A.L, 2020. Phylogenetic analysis of south african bo-
vine leukaemia virus (blv) isolates. Viruses 12, 898. doi:10.3390/
v12080898.

Tajima, S., Aida, Y., 2005. Induction of expression of bovine leukemia virus
(BLV) in blood taken from BLV-infected cows without removal of
plasma. Microbes Infect. 7, 1211-1216.

Tajima, S., lkawa, Y., Aida, Y., 1998. Complete Bovine Leukemia Virus (
BLV) Provirus Is Conserved in BLV-Infected Cattle throughout the
Course of B-Cell Lymphosarcoma Development. J. Virol. 72, 7569-
7576. doi: 10.1128/JVI1.72.9.7569-7576.1998.

Takeshima, S. nosuke, Watanuki, S., Ishizaki, H., Matoba, K., Aida, Y., 2016.
Development of a direct blood-based PCR system to detect BLV
provirus using CoCoMo primers. Arch. Virol. 161, 1539-1546.
doi:10.1007/s00705-016-2806-y.

Yang, Y., Chen, L, Dong, M., Huang, W., Hao, X., Peng, Y., 2019. Molecu-
lar characterization of bovine leukemia virus reveals existence of
genotype 4 in Chinese dairy cattle. Virol. J. 16, 1-7. doi:10.1186/
$12985-019-1207-8.

Zaghawa, A., Beier, D., Abd EI-Rahim, .H.A., El-Ballal, S., Karim, I., Conraths,
F.J., 2002. An outbreak of enzootic bovine leukosis in upper Egypt:
Clinical, laboratory and molecular-epidemiological studies. J. Vet.
Med. Ser. B 49, 123-129. doi:10.1046/j.1439-0450.2002.00517 x.

Zaher, K.S., Ahmed, W.M., 2014. Bovine leukemia virus infection in dairy
cows in Egypt. Acad J. Cancer Res. 7, 126-130.



