
will be used, based on the main clinical sign and the typi-
cal age distribution of the disease.

The main objective of this study was to describe the
clinical, haematological and pathological findings and
the descriptive epidemiology of this syndrome, based on
the Flemish situation. In addition, the results of experimen-
tal attempts to isolate any infectious agent are reported.

Materials and Methods

Case description

Clinical signs, haematological findings and response to
treatment
Clinical records of 22 calves with NHD, which were admit-
ted to the Department of Large Animal Internal Medicine
(Ghent University) between July 2008 and September 2009
were analysed. A case definition is shown in Table 1. All
blood samples were taken from the jugular vein with a vac-
utainer system (Venoject�; Terumo, Leuven, Belgium).
Haematology was performed on standard ethylenediamine-
tetraacetic acid (EDTA) blood tubes (Venoject�) with an
automatic blood analyzer (Poch-100iv Diff�; Sysmex, Nor-
derstedt, Germany). Biochemistry was performed on serum
samples with a dry chemistry apparatus (Spotchem SP-
4420�; Arkray, Zaventem, Belgium).

Gross pathology, histological and cytological findings
In the period of 2008–2009, 25 calves with NHD were
necropsied at the pathology department of Ghent Univer-
sity or at the Flemish Animal Health Service (DGZ-
Vlaanderen). Necropsy was performed according to a
standard protocol. Tissue samples (brain, heart, lung,
lymph nodes, spleen, liver, oesophagus, rumen, aboma-
sum, small intestine, large intestine, kidney, thymus, mus-
cle and bone marrow from humerus, radius, femur, tibia
and sternum) were collected, formalin fixed and paraffin
wax embedded for histopathology. These tissues were fro-
zen at )70�C as well.

Bone marrow aspirations were performed in 10 clinical
cases. After intravenous sedation with 2 mg of xylazine (Xyl-
M�; VMD, Arendonk, Belgium), the cranial sternal region

was clipped, scrubbed and disinfected with alcohol 70%. Five
millilitre of procaine 4% with adrenalin (Procainii Chlori-
dum 4% + adrenalinum�; Kela, Hoogstraten, Belgium) was
administered subcutaneously. A 1-cm incision with a sterile
blade was made through the skin. A 18 G diamond point
spinal needle with metal hub (Kendall Monoject�; Tyco
health, Mansfield, OH, USA) was introduced through the
cortex into the medulla. Bone marrow was aspirated and
immediately smeared on a slide, air dried and stained (He-
macolor�; Merck, Darmstadt, Germany). Peripheral blood
smears were made on EDTA blood. In three calves, the spleen
was removed immediately after death and impression smears
were made and stained (Hemacolor�).

Descriptive epidemiology

Incidence, geographical and seasonal spread
A case definition for live and dead cases of NHD was
made, based on the clinical, haematological and cytologi-
cal bone marrow findings (Table 1). Herds were only
accepted in the present case series, if the definition was
met in at least one live or one dead animal [obligatory
autopsy at the Flemish Animal Health Service (DGZ-Vla-
anderen) or the Faculty of Veterinary Medicine]. Bone
marrow cytology was not systematically performed on live
animals for ethical and practical reasons. In dead animals,
bone marrow histology and/or cytology were obligatory
for case confirmation. The BVD PCR was performed on
blood or spleen in all animals. General farm data (breed
and geographical situation), number of cases and their
date of occurrence were collected.

Herd history
During a herd visit and by means of a telephone enquiry
an extensive herd history on colostrum management,
feeding regime, breeding programme, animal diseases,
medication and vaccine use was made.

Herd health visits: detection of subclinical cases
Eleven herds were visited within 2 weeks after a case, and
54, apparently healthy, in contact calves (1–80 days old),

Table 1. Case deÞnition of neonatal haemorrhagic diathesis in live and dead calves

Criterium Live calf Dead calf

Age (months) <1 <1
Symptoms Cutaneous bleeding and/or petechia and/or melena Cutaneous bleeding and/or petechia and/or melena
Leukopenia <3.0· 109 WBC/l NA
Thrombocytopenia <100· 109 PLT/la NA
Bone marrow cytology Bone marrow aplasia absence of megakaryocytes Bone marrow aplasia absence of megakaryocytes
Bovine viral diarrhoea Antigen PCR negative on blood Antigen PCR negative on spleen tissue

WBC, white blood cells; PLT, platelets; NA, not applicable.
aOnly reliable if processed within 1 h.
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were blood sampled. Haematology was performed on
EDTA–blood tubes with an automatic blood analyzer
(Poch-100iv Diff�).

Virological research

Polymerase chain reaction
A BVD antigen PCR was performed on all calves (EDTA–
blood in live calves, spleen in dead calves). Detailed infor-
mation on the technique is described elsewhere (Letellier
and Kerkhofs, 2003). An in-house bluetongue virus
(BTV) RT-PCR (Veterinary and Agrochemical Research
Centre) was performed on tissue (lung, muscle, spleen,
small intestine, colon, heart and brain) from four cases.
The technique and the primers used are described else-
where (Toussaint et al., 2007; Vandemeulebroucke et al.,
in press). These samples were also tested with a commer-
cial PCR kit for all BTV serotypes (TaqVet BTV-FCO-all
genotypes, Progenus�; Gembloux, Belgium) and with an
epizootic haemorrhagic disease (HD) virus (EHDV) test
kit (TaqVet EHDV, Progenus�; Gembloux, Belgium).

Inoculation on monolayer’s of bovine kidney cells
Spleen and bone marrow suspensions (20%) from typical
cases, which died naturally, were made. After centrifuga-
tion (20¢, 1600 g), suspensions were incubated (5% CO2,
37�C) for 1 h with monolayer’s of bovine kidney
(MDBK) cells. Subsequently, the inoculum was replaced
by medium and the cells were kept in culture for 1 week.
As negative controls, mock-infected wells containing an
MDBK monolayer were included.

Co-cultivation of peripheral blood mononuclear cells
Peripheral blood mononuclear cells (PBMC) were isolated
from blood samples from clinically affected calves as well
as healthy calves by density centrifugation on Ficoll-
Paque, according to the manufacturer’s instructions
(Pharmacia Biotech AB�; Uppsala, Sweden). 1 · 106 of
PBMC from healthy calves were placed in a 24-well plate
in medium [Roswell Park Memorial Institute (RPMI)/
Minimum Essential Medium Eagle (MEM), (1/2) medium
with 10% foetal calf serum (Greiner, AR Alphen Aan Den
Rijn, the Netherlands), 1% glutamine (VWR, AP Amster-
dam, the Netherlands), 1% penicillin–streptomycin (Con-
tinental Pharma, Puurs, Belgium; Certa, Braine l’Alleud,
Belgium), 1% non-essential amino acids (Invitrogen, Pais-
ley, UK) and 1% sodiumpyruvate (Invitrogen)]. After
incubation (5% CO2, 37�C) for 24 h, isolated PBMC
from case calves were added. As such, co-cultivation of
isolated PBMC from affected calves on isolated PBMC
from healthy calves was performed. In the same way, a
co-culture of PBMC from infected calves on an MDBK
monolayer was established. Mock-infected wells contain-

ing either healthy PBMC or MDBK cells were included as
controls.

Co-cultivation of stimulated PBMC’s from healthy and
case calves
The effect of co-cultivation of PBMC from case calves on
proliferating PBMC from healthy calves was evaluated by
means of light microscopy (cytopathogenic effects; CPE).
Therefore, PBMC were isolated from blood samples from
healthy calves by density centrifugation on Ficoll-Paque,
according to the manufacturer’s instructions (Pharmacia
Biotech AB�). 1 · 106 of PBMC from healthy calves in
RPMI/MEM (1/2) medium with 10% foetal calf serum,
1% glutamine, 1% penicillin–streptomycin, 1% non-
essential amino acids and 1% sodiumpyruvate was added
to each well of a 24-well plate and incubated for 24 h
(5% CO2, 37�C). One day prior to co-cultivation, PBMC
derived from healthy calves were stimulated with bovine
recombinant IL-2 (R&D Systems, Minneapolis, MN,
USA) and concanavalin A (Sigma, St. Louis, MO, USA).
Co-cultivation was performed by adding isolated PBMC
from case calves to the proliferating cultures. Mock-
infected cells as negative controls were included.

Immunofluorescence stainings
Prior to immunofluorescence stainings, obtained sera
from calves which recovered from NHD were purified. An
indirect immunofluorescence staining was performed
based on a positive co-culture (4202) from the previous
experiment. Inserts containing a positive co-culture (4202)
as well as cytospins made of supernatant cells derived
from positive co-cultures (4202) were incubated (37�C,
1 h) with the purified serum mentioned above. Thereafter,
the cells on inserts and cytospins were incubated with goat
anti-bovine immunoglobulin’s labelled with FITC�

(VMRD, Pullman, WA USA). Furthermore, a direct
immunofluorescence staining was carried out. Therefore,
the purified sera mentioned above was biotinylated for use
in a direct immunofluorescence staining. Cells on inserts
and cytospins, all derived from positive co-cultures (4202)
were incubated with the biotinylated serum (37�C, 1 h).
Thereafter, incubation with streptavidin labelled with
FITC� (Invitrogen) was performed. Mounted samples
were analysed by means of the confocal microscope (Leica
TCS SP2 confocal microscope; Leica Microsystems GmbH,
Heidelberg, Germany). Mock-infected cells on inserts and
cytospins were used as negative controls.

Inoculation on bovine bone marrow culture
Bone marrow was obtained by aspiration from the ster-
num of healthy calves into syringes containing sterile,
preservative-free heparin. Bone marrow buffy-coat cells
were obtained by centrifugation (10¢, 1600 g). Three
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different approaches were made to obtain different cell
populations as the target cells in bone marrow were
unknown. In a first set up, bone marrow buffy-coat cells
were used as such after centrifugation to establish cultures
and consisted mainly of erythrocytes and lymphocytes. A
second set up was established using bone marrow
buffy-coat cells who were subjected to hypotonic lysis in
ammonium chloride–Tris buffer to eliminate the
erythrocytes-line, leaving mainly monocytes and platelets
behind. To create a third culture, a bone marrow sample
was submitted to density centrifugation on Ficoll-Paque,
resulting in a pellet of monocytes, neutrophils and lym-
phocytes. In each assessment, the different sets of cells
were resuspended in medium (RPMI/MEM, (1/2) med-
ium with 10% foetal calf serum, 1% glutamine, 1% peni-
cillin–streptomycin, 1% non-essential amino acids and
1% sodiumpyruvate). Afterwards, cells were placed in
polystyrene T-75 tissue culture flasks (LUX Miles.Scien-
tific, Naperville, IL, USA) at a concentration of 1.5 mil-
lion cells/ml and incubated for 10 days (37�C, 5% CO2).
Cells were checked daily by means of light microscopy
and fresh medium was regularly added. The three differ-
ent cultures remained intact for 10 days without any sig-
nificant changes in viability (data not shown).
Subsequently, cultures were set up again, now adding iso-
lated PBMC from case calves as well as suspensions of tis-
sues from a killed calf in the acute stage of the disease.
After euthanasia with pentobarbital (Nembutal�; CEVA,
Paris, France), tissues were immediately collected. Suspen-
sions (20%) were produced from bone marrow, spleen,
lymph nodes and thymus.

Results

Case description

Signalement of the cases
Between July 2008 and September 2009, 22 calves with
NHD, from 16 herds, were admitted to the Department
of Large Animal Internal Medicine for clinical examina-
tion. The breed distribution was 63% Belgian Blue (BB),
31% Holstein-Friesian (HF) and 5% cross breeds. There
were no differences in gender (50% male and 50%
female) and the affected animals were on average 16 days
(7–27 days) old upon admission.

Clinical signs, haematological findings and response to
treatment
In the histories, high fever (up to 41�C), which did not
respond to administration of non-steroidal anti-inflam-
matory drugs, was mentioned in 53% of the cases and
the first sign of disease was most frequently prolonged
bleeding after ear tag placement or injection. Within

hours to days after these first signs, obvious bleeding
appeared on the skin. The most typical presentation of
the disease was lines of dried and fresh blood covering
the calf’s body. The skin around ears and eyes, the back
and the distal part of the limbs were most often affected,
presumably as a consequence of fly bites (Fig. 1). Three
phases could be observed in the course of the disease,
based on the general demeanour. The degree of skin
bleeding was defined as absent (no cutaneous bleeding),
mild (<10 lines of blood, no ecchymoses), moderate (10–
20 lines of blood, <2 ecchymoses) or extensive (>20 lines,
>2 ecchymoses).

Twenty eight per cent of the presented calves were in the
initial phase. In this phase, the mental state and appetite
were normal. Rectal temperature was elevated in all these
cases (39.5–40.8�C). In only one of these calves skin bleed-
ing, as sporadic bleeding at the legs, was present. Mucosae
were pink and petechia could be seen on the nose and the
buccal, lingual and vaginal mucosae, the palatine and the
sclera. One calf had haematomas around the jugular veins.
Melena was present in two of these calves.

As the disease progressed (phase 2; 28% of the admit-
ted calves), mental state became depressed and the ani-
mals preferred decubitus. Fever was present in two cases
(up to 41.1�C) and one animal was hypothermic. Skin
bleeding was moderate and intermittent in these calves
and most prevalent around ears and eyes. Mucosae were
pale and featured prominent petechiation. One animal
bled from the nose. All cases had melena. Haematomas
were present on injection sites in four cases.

Fig. 1. Typical presentation of the initial symptoms of neonatal
haemorrhagic diathesis in a 10-day-old Belgian Blue calf, with subtle
skin bleeding and a normal mental state.
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other five calves various numbers of precursor cells were
still present and in two calves a single megakaryocyte
could be seen. In two animals the eosinophilic compo-
nent was proportionally increased. In five animals,
groups of macrophages in close association with lym-
phocytes could be found in an otherwise aplastic bone
marrow (Fig. 4). The macrophages had an oval to round
excentric nucleus and the cytoplasm was abundant and
clearly vacuolated in two cases (consistent with activated
macrophages). Haemophagocytosis was seen in two
calves (Fig. 5). In one calf, which eventually died of the
disease, serial bone marrow aspiration was performed.
On the first day of bleeding (10 days old) the bone
marrow was hypoplastic but myeloid precursor cells and
megakaryocytes were still present. The eosinophilic com-
ponent in the bone marrow was increased and a low
number of macrophages was seen. In a second aspira-
tion at an age of 14 days (the day before natural death)
the bone marrow was totally aplastic with a single mye-
loid precursor cell and macrophage being present. Cytol-
ogy of peripheral blood showed activated lymphocytes,
thrombocytopenia and granulocytopenia in most cases.
If present, the anaemia was non-regenerative, normocy-
tic and normochromic. In one surviving calf normoblas-
tosis and signs of regeneration, such as Howell-Jolly
bodies and reticulocytes, were observed. Impression
smears of the spleen were made in three calves, immedi-
ately after euthanasia. In all calves, the lymphocytes were
strongly activated (immunoblasts) and plasma cells were
present. In one calf activated macrophages were seen, in
another calf granulocytes phagocytosing bacteria were

noticed and in the third calf a sporadic eosinophil was
seen.

Descriptive epidemiology

Incidence, geographical and seasonal spread
Between June 2008 and September 2009, 30 of 35
reported herds met the inclusion criteria. Details on date
of admission, production type, number of cattle present
and the distribution of cases are shown in Table 3. The
average herd size of the affected herds was 151 [(19–273)
average herd size in Flanders: 79]. A total of 84 calves
which had shown bleeding symptoms on these farms,
could be retrospectively defined. Twenty per cent of the
herds had cases during more than 1 year. Three herds
had already cases in 2007, and two other herds reported
their first case in 2006. The breed distribution was 50%
HF, 43% BB and 7% mixed breed. Problem herds were
reported in the whole of Flanders, except for the province
of Brabant. The number of affected herds was higher in
Western- (14 of 6936 herds) and Eastern-Flanders (EF; 13
of 7419 herds) than in Antwerp (two of 4034 herds) and
Limburg (one of 2639 herds). Figure 6 shows the geo-
graphical spread of the affected herds. The seasonal distri-
bution, based upon admission date at the clinic, is
presented in figure 7. In 2008–2009 a higher incidence of
newly affected herds occurred in summer and fall. The
number of cases per year varied between one (37% of the
herds) and six (one herd). The total number of affected
calves in the period 2006–2009 varied between 1 and 9,

Fig. 4. Bone marrow cytology in a 14-day-old Belgian Blue calf with
neonatal haemorrhagic diathesis. Group of macrophages (1, nucleus;
2, cytoplasma) with phagocytized nuclear material (3). (4) Red blood
cells; (5) lymphocyte; (6) precursor cells (50· 12.5, Giemsa stain).

Fig. 5. Bone marrow cytology in a 10-day-old Holstein-Friesian calf
with neonatal haemorrhagic diathesis. Activated macrophages have a
round to oval nucleus (1) and abundant cytoplasma with vacuoles (2).
Haemophagocytosis is present. (3) Nucleus of a phagocytized precur-
sor cell; (4) red blood cell (50· 12.5, Giemsa stain).
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with one herd having cases each year for 4 years and six
herds for 2 years of which one skipped a year. Forty per
cent of the calves was born from heifers, 30% from 2nd

parity, 25% from 3rd parity and 5% from 4th parity. In
two herds the same cow gave birth to a case twice, not
necessarily in consecutive years.

Table 3. General information on 30 NHD-affected herds in Flanders and number of cases per year

Farm ID Date of admission Province
Production
type Breed

Total no.
cattle present

No. cattle
<2 years

Cases
2006

Cases
2007

Cases
2008

Cases
2009

Cases
total

Farm 1 2 July 2008 WF Dairy HF 86 28 2 2 4
Farm 2 30 June 2008 EF Beef BB 110 64 1 1
Farm 3 9 July 2008 EF Beef BB 86 40 4 4
Farm 4 10 July 2008 WF Mixed BB 250 90 1 1
Farm 5 15 August 2008 EF Beef BB 77 38 1 1
Farm 6 22 August 2008 WF Dairy HF 90 38 3 3
Farm 7 5 September 2008 WF Dairy HF 141 66 1 2 3 3 9
Farm 8 08 September 2008 WF Beef BB 179 102 2 2 4
Farm 9 23 September 2008 EF Dairy HF 207 116 2 1 3
Farm 10 2 October 2009 WF Dairy HF 138 58 2 2
Farm 11 6 October 2008 EF Dairy HF 139 57 1 3 4
Farm 12 23 October 2008 A Beef BB 121 70 1 1
Farm 13 6 November 2008 EF Dairy HF 192 92 3 1 4
Farm 14 30 October 2008 WF Dairy HF 97 48 1 1
Farm 15 3 November 2008 EF Beef BB 119 67 1 1
Farm 16 18 November 2008 L Dairy HF 186 67 1 1
Farm 17 18 November 2008 WF Dairy HF 261 149 1 1
Farm 18 12 December 2008 EF Beef BB 19 9 3 3
Farm 19 4 February 2009 WF Dairy HF 273 145 4 4
Farm 20 18 June 2009 EF Beef BB 200 105 6 6
Farm 21 24 June 2009 EF Beef BB 90 41 2 2
Farm 22 25 June 2009 EF Dairy HF 184 76 4 4
Farm 23 26 June 2009 WF Beef BB 58 32 1 1
Farm 24 12 July 2009 WF Beef BB 207 122 4 4
Farm 25 22 August 2009 EF Beef BB 237 132 1 2 3
Farm 26 14 August 2009 WF Mixed HF/BB 177 91 4 4
Farm 27 24 August 2009 WF Dairy HF 80 35 1 1
Farm 28 20 August 2009 A Dairy HF 265 118 3 3
Farm 29 31 August 2009 WF Mixed HF/BB 150 80 2 2
Farm 30 8 September 2009 EF Mixed HF 106 50 2 2
Total 2 5 39 38 84

HF, Holstein-Friesian; BB, Belgian Blue; WF, Western Flanders; EF, Eastern-Flanders; A, Antwerp; L, Limburg; NHD, neonatal haemorrhagic
diathesis.

Fig. 6. Geographical spread of herds with
NHD cases in Flanders.
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associated with infectious agents (viruses and bacteria),
malignancies or auto-immune reactions (Dierick et al.,
2004; Dierickx et al., 2006). The diagnosis of HLH is
based on the presence of five of the eight following crite-
ria: fever, splenomegalia, cytopenia (two or three cell
lines), hypertriglyceridaemia and or hypofibrinogenaemia,
haemophagocytosis (in bone marrow, spleen or lymph
node on cytology), low natural killer cell activity, high
ferritin levels and high soluble CD25 receptor (Dierickx
et al., 2006). Ferritin, CD25 levels, triglycerides and
natural killer cell activity were not tested in our cases
because of unavailability of validated tests. Splenomegalia
and hypofibrinogenaemia were no consistent findings.
However, in two acutely sick calves activated macro-
phages and haemophagocytosis were seen on cytology of
bone marrow. In several other calves groups of macro-
phages in close contact with lymphocytes were the only
remnants in an aplastic bone marrow. It is possible that
these cells play an important role in the pathogenesis, as
they destroy the precursor cells in the bone marrow by
uncontrolled phagocytosis. In a cow with immune-medi-
ated thrombocytopenia and haemolytic anaemia associ-
ated with vaccination, erythrophagocytosis by monocytes
was seen in peripheral blood smears (Yeruham et al.,
2003). However, the clinical and pathological findings in
the NHD calves do not completely fit the criteria used for
the diagnosis of the human HLH syndrome. Recent
experiments have demonstrated a possible colostrum
dependent way of transmission of NHD: three of six
calves from farms where the disease had not occurred so
far, developed the disease after ingesting colostrum from
cows that had previously given birth to at least one
affected calf (W. Klee, personal communication).

Recent attention has stimulated several countries to
organize an active search and has clarified that NHD is an
emerging syndrome in Europe. Five herds with NHD cases
have been reported in the south of Belgium (L. Theron and
M. Lebrun, personal communication). At the moment
NHD has been reported in Germany (Friedrich et al.,
2009), the Netherlands (A. Smolenaars, personal communi-
cation), Italy, Great-Britain [Penny et al., 2009; Veterinary
Laboratory Agency (VLA), 2009] and France. No primary
region of origin could be identified so far, and the disease
seemed to have appeared in many European countries all
of a sudden and at the same time. In Flanders, the distribu-
tion of the affected farms follows the general cattle density
and is biased by the location of the Faculty of Veterinary
Medicine, which is in eastern Flanders (nearby cases are
more easily reported). In general, the incidence of the dis-
ease is low. However, case fatality is very high and the losses
can become important on the individual farm level. Also,
no objective data are currently available on the incidence
and importance of subclinical cases of NHD. It is unclear

whether these subclinical cases can only be found during an
outbreak, or year round on the affected farms.

In conclusion the histological and cytological findings,
the epidemiological observations and the colostrum
experiments are suggestive for an immune-mediated
mechanism in this syndrome. Both toxic (natural toxins,
medication and vaccination) or infectious causes can be
the primary cause of this mechanism. Although many
diagnostic attempts towards an infectious cause were
unsuccessful, an infectious cause cannot totally be
excluded: because of the interval between infection of the
bone marrow and the appearance of clinical symptoms,
detection of the causative organism may no longer be
possible when clinical disease is present (Chen et al.,
2004; Dierick et al., 2004). Further research on this novel
disease is necessary. Serial cytology from the early state of
the disease is necessary to confirm the present findings.
The role of colostrum as a possible eliciting factor must
be further clarified and a thorough epidemiological inves-
tigation could possibly establish certain links.
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