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Abstract Bovine leukemia virus (BLV) causes enzootic
bovine leucosis (EBL) and is responsible for substantial
economic losses in cattle globally. However, information
in Africa on the disease is limited. Here, based on clinical,
hematological, pathological and molecular analyses, two
clinical cases of EBL were confirmed in a dairy cattle herd
in Zambia. In contrast, proviral DNA was detected by PCR
in five apparently healthy cows from the same herd, sug-
gesting subclinical BLV infection. Phylogenetic analysis of
the env gene showed that the identified BLV clustered with
Eurasian genotype 4 strains. This is the first report of
confirmed EBL in Zambia.
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Bovine leukemia virus (BLV), along with the closely
related human T-cell leukemia virus type 1 (HTLV-1),
belongs to the genus Deltaretrovirus, family Retroviridae
[1]. Although the natural host of BLV is domestic cattle,
this pathogen is considered a model for understanding
leukemogenesis and development of novel therapies for
HTLV-induced disease in humans [2, 3]. While previous
epidemiological studies suggest that consumption of raw
milk from BLV-infected cattle may not increase the fre-
quency of leukemia in humans [3], there is need for caution
in regarding BLV as a pathogen that is exclusively con-
fined to animals, as recent reports indicate that BLV could
be associated with breast cancer in women [4, 5].

BLV causes enzootic bovine leucosis (EBL), a disease
characterized by neoplastic proliferation of B lymphocytes
[6]. Although the majority of BLV-infected cattle remain
asymptomatic, persistent lymphocytosis, which is associ-
ated with non-malignant polyclonal expansion of B-cells,
occurs in about 30% of infected cattle, with less than 10%
developing malignant lymphoma [7, 8]. BLV transmission
is primarily through blood of infected cattle, particularly
during iatrogenic procedures (e.g., use of infected needles)
[9]. Hematophagus flies are also possible contributors in
the spread and transmission of BLV [10].

Despite its global distribution, BLV infection is under-
diagnosed and usually perceived as of minor economic
impact. However, BLV infections can cause substantial
economic losses. For instance, in 2003 in the USA, annual
economic losses to the dairy industry attributed to BLV
infection were approximated at $525 million [11]. Thus,
with the aim of reducing economic losses and spread of the
disease through trade in animals, some European countries
have implemented control measures that have led to the
successful eradication of BLV infection in cattle [12, 13].
However, for most countries, the prospects of eradicating
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BLV in cattle are curtailed by high prevalence rates as well
as the huge economic cost of such control measures.

In Africa, BLV infection in cattle has been reported in
several countries [14—20]. While these studies suggest that
BLV infections could be widespread in Africa, studies
focusing on genetic characterization and classification of
BLYV circulating in cattle on the continent are very limited.
Thus far, molecular characterization of the BLV env gly-
coprotein (gp51) gene sequences obtained globally has
revealed the existence of at least ten genotypes [21-23]. In
terms of distribution, genotypes 1 and 4 have been detected
on several other continents, while genotypes 2, 5, 6 and 9
have been found mostly in South American countries.
Meanwhile, genotypes 7 and 8 have been identified in
Russia and Eastern European countries. The recently
identified genotype 10 was found in Thailand [22]. In
Africa, the BLV genotypic distribution is unknown.

In Zambia, serological evidence of BLV infection was
found in 5.0% of the animals in traditional cattle herds by
agar gel immunodiffusion test [19]. Moreover, bovine
lymphosarcoma was also histopathologically diagnosed
and described [20]. Although these studies were very
limited, their results suggest that BLV could be an
important infectious disease of cattle in Zambia. The pre-
sent study describes diagnostic investigations of EBL in a
dairy cattle herd in Zambia.

In March 2015, at a dairy farm in Central Province of
Zambia, a three-year-old Holstein Friesian cow in lactation
was observed to be slowly losing weight. It also exhibited
marked reduction in milk production, lymphadenopathy,
constipation, and a temperature of 39.0 °C. Blood and

lymph node biopsy samples were obtained for hemato-
logical evaluation and East Coast fever diagnosis on 25
April, 2015. By April 2015, the cow’s condition deterio-
rated into severe emaciation, and it was slaughtered upon
recommendation at an abattoir on 20 May, 2015. A post-
mortem examination was conducted.

On 6 July, 2016, a second case (with symptoms that
were similar to but more severe than those in the first cow),
also involving a three-year-old Holstein Friesian cow in
lactation (Supplementary Fig. S1a) was noticed in the same
herd. Blood was collected for hematology and polymerase
chain reaction (PCR) diagnosis. The animal died on 18
August, 2016, and a detailed postmortem examination was
done at the farm along with collection of organ samples
showing lesions for histopathology and PCR diagnosis.
Thin blood smears were prepared and stained with Giemsa,
and a differential cell count was done, including evaluation
of other blood parameters. Mesenteric lymph nodes and
kidneys were collected and tested for the presence of BLV
proviral DNA by PCR. Blood from five apparently healthy
cows aged 7-10 years from the same herd was also col-
lected from the jugular vein in EDTA for hematological
and PCR evaluation. At the time of diagnostic investiga-
tions, the affected farm had 1020 lactating Holstein Frie-
sian cows.

Hematological evaluation of both symptomatic cows
demonstrated severe anemia, an increased total leukocyte
count, an increased absolute total lymphocyte count, and
lymphocytosis (Table 1 and Supplementary Fig. S2a).
Moreover, cells resembling neoplastic lymphocytes were
observed in blood smears of both clinical cases and one

Table 1 Hematological evaluation of Holstein Friesian cows on a dairy farm in Zambia

Cass/cow TWBC  ATL  TRBC PCY Hb MCV MCHC MCH BN SN L E M B
no.* (x10%/ul) L x10° % gdl  Fl gdl  pg % % % % % %
NR: 412 *107Wl p NR: NR: NR: NR: NR: NR: NR: NR: NR: NR: NR:
NR: NR: 2446 815 4060 3036 11-17 02 1545 4575 020 27 02
2.5- 5-10
75
1 11.4 11.1 45 19 63 422 332 140 0 98 0 0 0
2 122 11.4 51 20 67 392 335 118 0 5 94 1 0 0
3 73 45 61 25 83 409 332 136 0 36 62 2 0 0
4 8.4 52 68 28 93 412 332 137 0 33 63 4 0 0
5 9.0 6.9 73 30 100 411 333 137 0 20 77 3 0 0
6 7.2 3.2 60 25 83 417 332 138 1 46 45 8 0 0
7 8.7 55 70 30 100 429 333 143 3 30 64 2 10

4 Cases 1 and 2 represent cows that showed clinical signs of EBL, while cases 3-7 were apparently healthy cows. Abbreviations: NR, normal
range; TWBC, total white blood cell count; ATL, absolute total lymphocyte count; TRBC, total red blood cell count; PCV, packed cell volume;
Hb, hemoglobin; MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; MCH, mean corpuscular hemoglobin;
BN, band neutrophil; SN, segmented neutrophil; L, lymphocyte; E, eosinophil; M, monocyte; B, basophil

@ Springer



Bovine leukemia virus infection in dairy cattle in Zambia

1053

apparently healthy cow (Supplementary Fig. S2a). No
blood parasites were seen either in blood or lymph node
smears. Hematological examination of blood collected
from five apparently healthy cows gave values that were
within the normal range, although the total white blood cell
count, absolute total lymphocyte count, and lymphocyte
percentage in cows 3 and 4 were elevated (Table 1).
Moreover, cow 5 showed an above-normal lymphocyte
percentage of 77.

Postmortem examination revealed similar lesions in
both clinical cases, although the lesions were more pro-
nounced and involved many organs in the second case.
Gross and histopathological findings are described in
Supplementary Fig. S1 and S2. Generally, gross and
histopathological examination of internal organs revealed
lymphoproliferative masses and lymphoma characterized
by diffuse proliferation of neoplastic lymphocytes with
obliteration of most normal tissues, respectively. Notably,
the large and small intestine had minute to large white
nodules on the serosal surface that did not appear to have
perforated the mucosa (Supplementary Fig. Sle).

For molecular analysis, DNA was extracted from all
blood samples and tissues (lymph node and kidney) using a
QIAamp® DNA Mini Kit (QIAGEN). The primer pair
env5032/env5608r, which amplifies a 598-bp fragment of
the BLV env gene was used in the test [24]. PCR was
performed using a Takara Ex Taq HS kit (Takara Bio Inc.)
following the manufacturer’s recommendations. Amplified
PCR products were visualized after electrophoresis on a
1.5% agarose gel stained with ethidium bromide. PCR
products of the expected size for the BLV env gene were
amplified in all the tested samples (Supplementary
Fig. S3).

Amplified PCR products were sequenced, and all the
samples produced the same sequence, which was deposited
in GenBank under accession number LC193462. Phylo-
genetic analysis was conducted as described previously
[25].

Phylogenetic analysis showed that the virus identified in
Zambia clustered with genotype 4 strains found in Eurasia
(Fig. 1). Sequence alignment of representative genotype 4
viruses revealed that the Zambian BLV possessed a unique
amino acid substitution, Q39R, in the second neutralizing
domain (ND) (Fig. 2). Also, within the zinc-binding pep-
tide region, an I51T substitution was observed in the pre-
dicted env protein sequence of the virus detected in
Zambia.

In this study, clinical findings on two suspected cases of
EBL were consistent with previous descriptions, particu-
larly with regard to predominant signs such as progressive
weight loss, generalized lymphadenopathy, decreased milk
production, and diarrhea or constipation [26, 27]. Hema-
tological parameters, especially the absolute total
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Fig. 1 Phylogenetic relationships of nucleotide sequences of the env
gene of BLV detected in a dairy cattle herd in Zambia. Phylogenetic
analysis was conducted based on 400 bp of env gene sequences of
BLVs. The BLV sequences included in the analysis are shown by
GenBank accession numbers and country of origin. The BLV
identified in the present study is in bold and shaded in grey. Numbers
at branch nodes indicate bootstrap values >50%. The genotypes (G1-
G10) are indicated by vertical lines. Scale bar, number of substitu-
tions per site

lymphocyte counts of symptomatic cases supported the
diagnosis of EBL/persistent lymphocytosis. The results
were comparable to those reported for BLV-positive cattle
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Fig. 2 Amino acid sequence alignment of partial sequence of the env
protein of the Zambian BLV compared to genotype 4 viruses detected
in Eurasia. The virus analyzed in this study is in boldface. The BLV
sequences included in the alignment are shown by GenBank accession
numbers and countries of origin. Antigenic determinants (epitopes)

elsewhere [28]. Although hematological values were nor-
mal among the five apparently healthy cows that were
examined, the percentage of lymphocytes was elevated in
some cows. Along with the detection of BLV proviral
DNA by PCR in all of the asymptomatic animals, these
data may indicate that the animals were in a ‘carrier state’
and that the disease could be in progression.

Pathological findings (Supplementary Fig. S1 and S2)
were indicative of malignant lymphoma development,
which occurs in less than 10% of BLV-infected cattle.
Although BLV-induced lymphomas mostly occur in older
animals, finding such lesions in visceral organs of young
cows suggests that these animals may have acquired the
infection quite early in life, probably at birth, through
colostrum [29]. Considering that BLV becomes established
in dairy herds before the first lactation [30], there is need to
conduct a detailed serological survey of BLV infection in
the affected herd so that infected cattle could be separated
and eliminated from the herd in order to break the chain of
transmission to young susceptible animals. While the
occurrence of lymphomas in the internal organs of the
cows examined was not unusual, the presence of multiple
small whitish nodules on the serosal surface of the large
intestine may represent an uncommon manifestation of the
disease.

@ Springer

are indicated either by rectangles, solid lines, or a downward arrow at
the top of the alignment. The black frame on the alignment labeled
“Z” refers to the zinc-binding peptide region. Black dots indicate
amino acid sequence identity to the Russian BLV strain (accession no.
HM563773)

The detection of the BLV env gene in all the tested
animals by PCR seems to suggest that BLV could be well
established in the affected herd. There is therefore a need to
introduce mandatory testing for BLV infection in dairy and
possibly beef cattle for prevention and control of such
infectious diseases in the country.

Phylogenetic analysis of the Zambian BLV env gene
sequence showed a close relationship to genotype 4 viruses
of Eurasian origin, indicating that the virus may have been
imported into the country with exotic cattle breeds.
Although the country of origin of dairy cattle in the tested
herd could not be ascertained, exotic cattle in Zambia are
usually imported from Europe and South Africa. Inciden-
tally, BLV infection is widespread among dairy cattle in
South Africa [17, 18]. However, molecular epidemiologi-
cal linkages could not be made with regard to the trans-
boundary spread of BLV within the region due to the lack
of sequence data from African countries. Nevertheless, it
has been suggested that the detection of BLV genotype 4
strains on multiple continents can be explained by exten-
sive cattle trading [23]; hence, the need for introduction of
mandatory screening of all cattle imported into Zambia
cannot be overemphasized.

Amino acid sequence alignment of partial sequences of
the env protein of the BLV detected in Zambia revealed
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two substitutions (Fig. 2). While the Q-to-R substitution
has not been reported previously until now and its impact
on the biological features of the virus remain unknown, the
I-to-T substitution has been reported and is thought, along
with other substitutions, to influence epitope-H-specific
antibody recognition [23, 31].

For the first time, this study has provided tangible evi-
dence of the presence of EBL in Zambia. From a public
health perspective, considering that BLV could be associ-
ated with breast cancer in women [4, 5], consumption of
pasteurized or boiled milk should be promoted in Zambia.
Moreover, awareness of BLV infection must be raised
among all stakeholders, particularly among farmers and
veterinarians, to mitigate economic losses and spread of the
infection.
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