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Abstract

Akabane virus is a teratogenic pathogen transmitted by Culicoides spp. to ruminants. The virus induces anomalies in the
central nervous system in the developing fetus, resulting in arthrogryposis-hydranencephaly (A-H) syndrome. During three
outbreaks of the disease (2002, 2013, and 2020), 77 calves were born in Varamin, Iran, with A-H syndrome. The present-
ing neurologic signs were categorized into three main groups, as common, less common, and uncommon signs. The com-
mon signs were unawareness of the surroundings, blindness, deep depression, partial failure of suckling, and unintelligent
behavior. The less commonly noted signs were hyperexcitability, regurgitation, head pressing, compulsive walking, and
kicking, while the uncommon signs comprised protrusion of the tongue, making sounds resembling barking, carnivore-like
milk drinking, and deafness. Arthrogryposis, dome-shaped skull, kyphosis, torticollis, lordosis, scoliosis, and spina bifida
were the diagnosed skeletal defects. Upon necropsy, hydranencephaly, hydrocephaly, and microencephaly were seen in the
calves presenting neurologic signs, while astrocytosis, astrogliosis, focal gliosis, perivascular, perineuronal, and submen-
ingeal edema, perivascular cuffing, non-suppurative meningitis, non-suppurative encephalitis and lymphoplasmacytic infil-
tration, and perivascular and parenchymal hemorrhage were seen in samples obtained from the brains. RT-PCR detected
Akabane virus in the brain tissues of the affected calves. This is the first clinical study of Akabane disease in calves in Iran.
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Introduction

Akabane virus (AKAV) is an arbovirus that belongs to
the order Bunyavirales, family Peribunyaviridae, and
genus Orthobunyavirus. It has a lipid envelope and three
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single-stranded negative-sense RNA segments (S, M, and
L). The virus was first isolated in Japan in 1959 (Kirkland
2015; Lee etal. 2016; Adams et al. 2017; Yanase et al. 2018;
Chen et al. 2021). AKAV is common in many tropical and
subtropical areas between 35°N and 35°S (Line 2016) and
has been reported in Japan, Eastern and Southeast Asia, the
Middle East, Africa, and Australia, and is known as one of
the principal etiological agents of congenital abnormalities,
abortions and stillbirths in ruminants in these areas (Konno
et al. 1982; Uchida et al. 2000; Geoghegan et al. 2014; Lee
et al. 2016; Yanase et al. 2017; Chen et al. 2021).

The main vectors of AKAV are mosquitoes, especially
Culicoides spp., except for New Zealand and Antarctica
(Geoghegan et al. 2014; Kirkland 2015; Yanase et al. 2018).
Under favorable environmental conditions, specifically
in moist summers or autumns, the outbreak of congenital
infections is expected 3—8 months after the virus spreads
as a consequence of the abundance of the insect vector
and their entry into new areas (Kirkland 2015; Line 2016;
Yanase et al. 2017). From 1972 to 1975, Akabane disease
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was epizootic in Japan and approximately 42,000 calves
were affected. The disease mainly flourished from early
autumn through the following spring in this area (Konno
et al. 1982; Yanase et al. 2017). Recently, the epizootics of
Akabane disease have threatened the livestock industry, par-
ticularly in Australia and East Asia (Yanase et al. 2018). In
endemic areas, there is a high prevalence of antibodies in
cattle, buffalo, sheep, goats, camels, and horses (Haligur et
al. 2014; Kirkland 2015). In the same vein, in 1969-1970
epizootic Akabane infection has been reported to affect a
large number of ruminants i.e. 3,000 dairy calves, 700
lambs, and 600 kids (Ahi et al. 2015). In Chinese Taipei, a
high prevalence of Akabane virus infection in pigs has been
reported (Kirkland 2015). Akabane virus infection in adult
animals develops transient viremia that usually occurs 1 to
6 days after infection. The virus is transmitted through the
placenta to the fetus. In this case, fetal infection depends on
the age of gestation and the virus strain. Infection in the first
three months of gestation in cattle is associated with a low
incidence of disease, while infections in the middle to late
stages of gestation lead to congenital defects in newborn
calves. In cases of highly virulent strains, arthrogryposis-
hydranencephaly (A-H) syndrome is seen in up to 80% of
newborn calves born to infected cows (Konno and Nak-
agawa 1982; Uchida et al. 2000; Kirkland 2015; Lee et al.
2016; Yanase et al. 2017). The occurrence of encephalitis in
cattle caused by the Iriki strain has been reported in Japan,
Taiwan, and Korea (Uchida et al. 2000; Lee 2016).

Congenital abnormality, stillbirth, premature birth, abor-
tion, and reduction of milk production in viremic cows are
outcomes of Akabane disease causing an impressive eco-
nomic loss (Kono et al. 2008; Geoghegan et al. 2014). The
aim of this study was to describe Akabane disease in an Ira-
nian dairy farm and illustrate the clinical and pathological
features of the disease in the affected calves.

Materials and methods
Study area and animals

During mid-January through the end of April 2002, 2013,
and 2020, 77 calves with neurological signs and arthrogry-
posis (46 calves with neurological signs and 31 calves with
skeletal defects and arthrogryposis) from both sexes (40
male and 37 female) were born in a dairy herd in Varamin (a

county in the South of Tehran Province, is one of the main
dairy areas of Iran).

All affected calves were carefully examined and vital
parameters were recorded. Accordingly, they were divided
into 2 groups; those suffering from neurological signs and
those born with arthrogryposis. In 52 cases the birth weight
was recorded and the daily weight gain was recorded in 24
affected calves (in 53 cases, the measurement was unsuc-
cessful due to the difficulty of nursing and early culling).

40 calves with neurological signs were humanely eutha-
nized (for welfare reasons and difficulty in nursing) and their
skulls were examined for gross and microscopic lesions. In
27 cases, blood samples were collected from the jugular
vein in EDTA tubes for hematological analysis.

Sampling, viral RNA preparation, and RT-PCR

23 samples of the developed brain tissue were collected
(approximately 10 g) for the detection of Akabane virus
RNA. RNA was extracted using the MBST kit (Molecular
Biological System Transfer, Iran) from 0.05 g of brain tis-
sue according to the manufacturer’s instructions. Akabane
virus RNA was identified using Reverse Transcription-
Polymerase Chain Reaction (Qiagen, Hilden, Germany)
with forward and reverse primers for the Akabane genome
(Table 1). Moreover, these specimens were examined, as
described above, to detect the Schmallenberg virus. Cere-
brospinal fluid (CSF) was collected into a sterile container,
and tested in aerobic and anaerobic cultures.

Pathological examination

40 calves with neurological signs were systematically nec-
ropsied and their central nervous system was precisely
examined. In all cases, the developed brain tissue and the
surrounding structures were evaluated for gross pathology
(other heads were not examined because of the owner’s dis-
sent). During necropsy, 71 specimens of different regions of
the remaining brain tissues (frontal, parietal, and occipital
cortices, periventricular zone, corpus striatum, thalamus,
hippocampus, rostral colliculi, caudal colliculi, pons, cer-
ebellum, deep nuclei of the cerebellum, medulla oblongata,
cervical spinal cord) were obtained and fixed in 10% neutral
buffered formalin, processed routinely for histology, embed-
ded in paraffin, sectioned at 5 pm thickness, and stained with
hematoxylin and eosin (H&E staining). Histologic slides

Table 1 Forward and reverse primers for the akabane genome PCR (Akashi et al. 1999; Golchin et al. 2023)

Positive Negative Total

Primer sequence 5-‘3°

Location Product size

RT-PCR 13 10 23

F1: TAACTACGCATTGCAATGGC

19~740 709 bp

R1: TAAGCTTAGATCTGGATACC
F2: GAAGGCCAAGATGGTCTTAC
R2: GGCATCACAATTGTGGCAGC
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Table 2 Mean birth weight, daily weight gain and weight at the time of
slaughter in calves with akabane disease

Table 3 Abnormal hematology parameters in 27 calves with pale
mucous membranes

Mean Number  Affected calves Normal calves
weight +SD weight+SD

Birth weight/kg 52 39.38+5.29 40.81+1.61

Daily 24 365.68+114.78" 703.29 +49.65

weight

gain/g

Weightat 3 12 88.25+14.17""  103.6+3.53

Slaughter/  months

kg 6 2 145+5™ 204.14+5.34
months

*P=0.00; **P=0.001

were prepared and reviewed using a light microscope. In 6
hydranencephaly cases, where fluid-filled sacs had replaced
the poorly developed brain tissue, the volume of the fluid
(CSF) was measured by a syringe, and the remaining brain
tissue was weighed and 5 ml of the accumulated fluid was
submitted for cytological and bacteriological analysis. It is
worthwhile to mention that due to the owner’s refusal, none
of the calves with arthrogryposis were necropsied.

Statistical analysis

Statistical analysis was performed by independent samples
t-test method (SPSS-26 software, IBM Co., Armonk, NY,
USA) for analyzing the differences between birth weight,
daily weight gain, and weight at the slaughter of calves with
hydranencephaly and normal calves. The differences were
considered statistically significant with p <0.05.

Results
Clinical features

In all calves, vital parameters such as body temperature
(ranging from 38.5 to 39.2 °C), heart rate (mean: 120.6/
min), and respiratory rate (mean: 35.7/min) were within
normal limits. Two distinct signs were observed; i.e., neuro-
logical signs and skeletal defects and arthrogryposis.

Mean birth weight and mean daily weight gain were
recorded in 52 and 24 affected calves, respectively. Mean
weight at slaughter in 14 affected calves (12 three-month-
old and 2 six-month-old) was recorded (Table 2). In
other patients, records of birth weight, daily weight gain,
and weight at slaughter were missed due to early culling.
While the mean birth weight difference 52 affected and
normal calves was not significant (p =0.32), and the mean
daily weight gain between 24 affected calves was signifi-
cantly lower than normal calves (p =0.00) at the same time
and farm. There were statistically significant differences

Parameter Unit Number  Range of Normal
of samples abnormal range

results (Constable
(Mean) etal. 2017)

Hematocrit % 27 9.4-22.5 33-22
(15.9)

Erythrocytes x10%ul 27 2.19-423  7.6-5.1
(3.55)"

Leukocytes x103/ul 27 12.1-36.1  4.9-12
(14.235)"

Mature /ul 27 4600-8700  6300-800

neutrophils (6200)

*P=0.00; **P=0.03

between weight at slaughter in 3 and 6 months old affected
calves with normal ones (p=0.001).

In addition, in 27 calves the pale mucous membranes
revealed anemia (mean of hematocrit and erythrocytes:
15.9% and 3.55 x 10%pl, respectively). In addition to ane-
mia, leukocytosis and neutrophilia were remarkable hema-
tological findings in these calves (Table 3). Emaciation and
poor body condition were seen in 29 cases.

Neurological signs

In the present study, the frequency of neurological signs
in calves with hydranencephaly was classified into three
groups: common, less common and uncommon signs.

Commons signs: unawareness of the surroundings and
blindness were observed in all calves (46 cases) with neu-
rological signs. In these animals, eye-preservation reflexes
(menace reflex, corneal reflex and palpebral reflex) were
absent, but the pupillary light reflex was present, indicating
cortical blindness. Deep depression was seen in 43 cases.
Patients were unable to respond to environmental stimuli.
Partial failure of suckling was seen in 30 cases and milk
drinking was difficult for all affected calves. Unintelligent
behaviors, such as drinking milk from the bottom of the
bucket, were observed in 10 affected calves. In these calves,
asphyxia and aspiration pneumonia followed each milk-
drinking session. Also, shedding of hairs on lower and upper
jaws and alopecia were observed in these animals.

Less common signs: hyperexcitability was seen in 3
cases, making it difficult to touch and examine. Regurgita-
tion and head pressing were also seen in 3 cases. Compul-
sive walking was seen in 3 cases and these calves continued
to move without aimlessly. Kicking was found in 3 cases;
the calves were kicking around unexpectedly.

Uncommon signs: protrusion of the tongue was present
in 2 cases. Making sounds resembling barking and carni-
vore-like milk drinking were seen in 1 case. Also, deafness
was found in 1 case; this calf did not respond to any vocal
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stimuli. However, calves with depression also had difficulty
responding to sound stimuli. These calves were normally
delivered (Fig. 1; Table 4).

Skeletal defects and arthrogryposis

Of these, 28 calves exhibited rigid extension or contraction
of one or more limbs (degree of contraction varied between
joints of limbs) and a decrease in the size of muscle (arthro-
gryposis). These animals were unable to stand.

Despite dystocia in some cases, fetotomy was not neces-
sary. The most remarkable gross malformations in the ver-
tebral column were scoliosis in the cervical area (1 case),
lordosis in the thoracic area (1 case), kyphosis in the tho-
racic area (3 cases), torticollis (2 cases), and spina bifida (1
case).

Dome-shaped skulls were observed in 4 cases (Fig. 1;
Table 4). These calves were unable to stand and died on the
first day after birth.

Abortion was recorded in 32 dams and the fetuses and
placenta were discarded and not studied.

Reverse transcription-polymerase chain reaction
(RT-PCR)

Out of the 23 samples of the remaining brain tissue sub-
mitted for RT-PCR, 13 cases (56.52%) were positive for
the Akabane virus and 10 cases (43.48%) were negative
(Table 1). Also, Schmallenberg virus was not detected in
any specimen. Aerobic and anaerobic bacterial cultures of
CSF were negative in all samples.

Fig. 1 Calves infected with Akabane virus. A Protrusion of the tongue. B Facial dermatitis and alopecia. C Head pressing. D Dome-shaped skull.
E Kicking. F Spina bifida. G Arthrogryposis in an aborted fetus. H and I Arthrogryposis
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Table 4 Frequency of neurological signs and skeletal defects in calves
with Akabane virus

Signs Number
(%)
Neurological Unawareness of the surrounding 46 (100)
signs Blindness 46 (100)
Deep depression 43 (93.47)
Partial failure of suckling 30 (65.21)
Unintelligence in behavior 10 (21.73)
Hyperexcitability 3(6.52)
Regurgitation 3(6.52)
Compulsive walking 3(6.52)
Kicking 3(6.52)
Head pressing 3(6.52)
Protrusion of the tongue 2 (4.34)
Making sounds resembling barking 1(2.17)
Carnivore-like milk drinking 1(2.17)
Deafness 1(2.17)
Skeletal Arthrogryposis 28 (90.32)
defects Dome-shaped skull 4(12.9)
Kyphosis 3(9.67)
Torticollis 2 (6.45)
Lordosis 1(3.22)
Scoliosis 1(3.22)
Spina bifida 1(3.22)

Post-mortem examination

Three types of central nervous system disorders (hydranen-
cephaly, microencephaly, and hydrocephalus) were seen in
post-mortem examination.

In all 40 skulls, the calvaria and dura mater were removed.
In 30 cases (75%), cerebral hemispheres were absent and
replaced by huge fluid-filled sacs, indicating hydranenceph-
aly; 4 cases (10%) showed hydrocephalus. Microencephaly
was detected in 6 cases (15%). The fluid was watery and
clear and there was no accumulation of cerebrospinal fluid
in any part of the subarachnoid space. In the CSF analysis,
specific gravity was within normal limits and cell count was
5-18/ pl.

In calves with hydranencephaly, dorsal and lateral sur-
faces of the fluid-filled sacs were surrounded by a thin mem-
brane with blood vessels running through the fluid content.
In the depth of these sacs and proximity to the ventricles, the
structure of the formed nervous tissue (diencephalon) was
seen (Fig. 2). There were various types of hydranencephaly
in both cerebral hemispheres. In 6 cases, the major changes
were observed in the telencephalon. The lesions extended
from the frontal lobe to the occipital lobe. In 2 cases, the
frontal and occipital lobes were formed incompletely, while
these structures were absent in other cases. The parietal lobe
was partially hypoplastic in one case and the temporal lobe
was not formed in any cases. In some areas, including the
frontal, parietal, and occipital cortices, the gyri were still

present but were smaller and wider than normal in appear-
ance which depicted attenuated gyri. In all cases, cerebral
peduncles were completely formed. In 3 cases pyriform
lobes were completely formed while in 3 calves incomplete
tissue formation was seen. Thalamus, rostral and caudal col-
liculi, cerebellum, pons, medulla oblongata, and falx cere-
bri were completely formed and no apparent changes were
observed. Also, the corpus callosum and fornix were pres-
ent in all cases. The weight of the remaining brain tissue
of affected calves was lower than the normal value, with
the heaviest brain tissue seen in calf NO. 5 (158 g) and the
lightest noted in calf NO. 1 (69 g). The maximum volume
of fluid was measured in calf NO. 4 (230 ml) and the low-
est volume of fluid was observed in calf NO. 3 (110 ml)
(Table 5). The macroscopic findings of the brain were suf-
ficient to identify hydranencephaly.

In 4 cases with dome-shaped skulls, bilateral ventriculo-
megaly (hydrocephalus) and thinning of cranial bones were
seen (Fig. 3).

In calves with microencephaly, the diameter of the cra-
nial bones was increased. The size of the cranial cavity
was considerably reduced and cerebral hemispheres were
smaller than normal (Fig. 4).

Histopathological examination

Histological examination of residual portions of the brain
in calves with hydranencephaly and hydrocephalus revealed
no remarkable lesions. Histopathological examination of
the membranous covering of the hypoplastic hemisphere
of the telencephalon showed vascular structures, arachnoid
and pia matter. The superficial tissue of the cortex was flat
and microgyric. In the gray matter, the number of neurons
was reduced. Moreover, astrocytosis, astrogliosis, and focal
gliosis were seen. Cerebral edema was diagnosed as peri-
vascular, perineuronal, and submeningeal edema. There was
lymphocytic perivascular cuffing in both gray and white
matter, indicative of viral inflammation. In one case, non-
suppurative meningitis was diagnosed. Non-suppurative
encephalitis (lymphoplasmacytic infiltration) was noted in
the frontal lobe of another case. In most sections, perivas-
cular and parenchymal hemorrhage was seen. The cerebel-
lum, pons, and medulla oblongata were normal in all cases
(Fig. 5).

The proximal part of the cervical spinal cord was also
histopathologically examined, which only showed focal
gliosis (Table 6).
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Fig. 2 Macroscopic findings of
congenital hydranencephaly in

a calf with Akabane disease.

A Presence of blood-tinged fluid
within the sacs after removal of
the calvarium. B The same skull
after fluid collection. C Different
anatomic parts of the removed
brain
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Table 5 Remaining brain tissue weight and the volume of fluid in sacs
of 6 calves with hydranencephaly

No Age Remaining brain tis-  Volume

/months sue weight of fluid
/grams in sacs
/milliliter

1 3 69 210

2 3 86 150

3 3 129 110

4 3 109 125

5 6 158 180

6 [ 126 150

Discussion

There are two endemic zones for AKAV; (1) from East Asia
to Southeast Asia and Australia, and (2) from the Middle
East to South Africa (Tzeng et al. 2022). Reports on Akabane
disease in the Middle East are scarce. However, seropositive
cases were reported in Turkey, Syria and Jordan in 1979 and
1980 (Taylor and Mellor 1994) and in Saudi Arabia in 1998
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(Abu Elzein et al. 1998). The disease was first reported as a
causative agent of A-H syndrome in 1992 in Iran (Ahourai
et al. 1992). Additionally, Alsaad et al. (2017) reported this
syndrome in Iraq. The spread of the virus and the occur-
rence of the disease are seasonal (Lee et al. 2002) and the
presence of the virus is related to the insect vector’s popula-
tion and the regional temperature (Kirkland 2015). Infec-
tion occurs in the summer and early autumn when vectors
become active, which is depending on the location of coun-
tries (from April through November in New South Wales
in Australia and from September through March in Japan)
(Konno et al. 1982), but in Iran the disease occurs from mid-
January through the end of April. Three different species of
Culicoides have been identified in Turkey (C. schultzei, C.
longipennis, and C. circumscriptus) which are considered
AKAV vectors (Dagalp et al. 2021; Tzeng et al. 2022). Also,
C. oxystoma and C. brevitarsis have been identified as vec-
tors in Japan and Australia, respectively (Uchida et al. 2000;
Kirkland 2015); there is no information about the vectors
in Iran.
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Fig. 3 Bilateral cerebral ventriculomegaly (hydrocephalus) in a calf
with Akabane disease

Fig. 4 Microencephaly and increased thickness of cranial bones in a
calf with Akabane disease

AKAV can cross the placenta in ruminants and infect
fetuses (Hartley et al. 1977; Haligur et al. 2014). Fetal
immunity will develop in the second half of pregnancy and
results in minimal lesions (Konno et al. 1982); otherwise,
results in fetal infection are congenital malformations, espe-
cially in the central nervous system of the neonate (Hartley
et al. 1977; Haligur et al. 2014).

Congenital A-H syndrome is recognizable based on clini-
cal, gross, and histopathological findings. Also, the causative

agent can be confirmed by Immunohistochemistry (Kono et
al. 2008; Haligur et al. 2014; Lee et al. 2016) and RT-PCR
(Nietfeld 2012; Haligur et al. 2014; Kirkland 2015; Dagalp
etal. 2021), as used in the present study. It has been revealed
that viruses circulating in Asia have a common gene pool
that is distinguishable from existing strains in Africa and
Oceania (Kono et al. 2008). Recently serologic investiga-
tion showed antibodies to AKAV in ruminants in different
zones of Iran (Ahi et al. 2015; Kojouri et al. 2015). Golchin
et al. (2023) have detected AKAV using RT-PCR in Iran,
similar to the present study.

Abortion, stillbirth, premature birth, and neonatal deaths
are the first presentation of the disease in the herd. Central
nervous system disorders will be expected at the end of the
outbreak (Konno et al. 1982; Kirkland 2015). The most
affected calves have been reported to deliver alive (Konno
et al. 1982). In the present study, H-A syndrome, stillbirth
and abortion were recorded, but aborted fetuses were elimi-
nated by the owner before necropsy.

Calves with severe arthrogryposis may have reduced
birth weight due to muscular atrophy, but in the present
study, birth weight was normal in successfully delivered
calves. In contrast to our findings, Kurogi et al. (1977) stated
that affected calves with AKAV had lower birth weights.
Also, Blood (1956) stated weight loss and reduction in
body size in 5 calves with hydranencephaly. Abnormalities
presented in these calves, including blindness, depression,
abnormal drinking, and suckling; may explain reduced daily
weight gain and reduced slaughter weight in calves with
hydranencephaly.

Impaired formation of various parts of the brain was
responsible for the neurological signs, leading to disorders
in the innervation of organs, while peripheral nerve struc-
tures were normal. It has been proven that cortical blindness
happens due to occipital lobe damage and in the absence
of gross or microscopic ocular lesions (Whittem 1957).
Previous studies have sporadically reported these signs in
newborns affected by hydranencephaly (Blood 1956; Whit-
tem 1957; Kurogi et al. 1977; Konno et al. 1982; Kirkland
2015; Alsaad et al. 2017). All studied patients were blind
and unaware of their surroundings. Additionally, some of
the affected calves suffered a partial failure of suckling, with
ensuing difficulty in feed uptake, cachexia, and death. As
stated in previous studies, surviving animals are euthanized
(Kirkland 2015) because of difficult nursery or will pass
away at 6 months of age due to blindness and other neuro-
logic disorders (Alsaad et al. 2017). Similarly, the present
study showed that under proper nursing care, calves suffer-
ing from hydranencephaly can be viable, however difficult
nursing led to the slaughter of presented calves in 6 months
of age.
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Fig. 5 Histopathological lesions of the remaining brain tissue from
calves infected with Akabane virus (H&E). A Perivascular cuffing
(PVC) in the cerebral cortex. B Multifocal parenchymal hemorrhage
(arrows) in the gray matter. C Astrocytosis and astrogliosis in the cere-

Only in two calves kept up to 6 months of age, hyper-
sensitivity was seen which exaggeratedly reacted dur-
ing the clinical examination. Previous studies have noted
depression in patients, but there are no reports regarding
hypersensitivity in Akabane patients. Although learning dis-
ability was seen in all affected calves, in the 2 six-month-old
calves, there was a slight learning ability with increasing
age. Among the observed clinical signs, deafness (Alsaad
et al. 2017) and protrusion of the tongue (Blood 1956) have
been described in calves with Akabane disease, but bark-
like sounds and kicking were not reported in any papers.
However, tremor and kicking may be explained by demy-
elination of the motor nerves of the spinal cord (Constable
etal. 2017).

Arthrogryposis is the most common skeletal defect in
calves with Akabane disease, which is commonly seen in
the middle stage of epizootics and may be seen in fetuses
infected between 105 and 150 days of gestation (Alsaad et

@ Springer

b L U s
e —— e,

bral cortex. Astrocytes (arrowheads) have replaced necrotic neurons in
the gray matter. Neurons (arrows) are sparsely present between these
cells. D Perivascular (arrow) and perineuronal edema (arrowheads)

al. 2017). Calves that have been infected earlier in gestation
show more severe arthrogryposis in four limbs, in contrast
to the ones affected in later stages, which may have mild
arthrogryposis in one limb (Alsaad et al. 2017). This condi-
tion is caused by degeneration and loss of motor nerves in
the ventral horn of the spinal cord (Whittem 1957; Morigu-
chi et al. 1976; Kirkland 2015), as a consequence of poly-
myositis, myodegeneration, and neurogenic muscle atrophy
which is revealed by reduced muscular tonicity of the limbs
and restricted movement. Neuronal damage may be caused
by the direct cytopathic effects of AKAV or tissue response
to the virus. This is accompanied by partial fixation and
contraction of the joints; hence this condition is referred
to as “curly calf” syndrome (Haligur et al. 2014; Kirkland
2015; Alsaad et al. 2017). In AKAV-infected calves lacking
arthrogryposis, the spinal cord remains intact (Moriguchi et
al. 1976). In the present study, no lesions were seen in the
histopathological examination of the cervical spinal cord.
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Table 6 Pathological findings of different regions of central nervous system in calves with Akabane virus infection

Pathological findings
Specimen Number of sample MEN EN PVE PVC AST FG DNP GN
Telencephalon Frontal lobe 2 - + + - + + + -
Parietal lobe 1 - - + - + + + -
Occipital lobe 2 + - + + + + + -
Periventricular zone 6 - - + - + + + -
Corpus striatum 6 - - + - - + - -
Hippocampus 6 - - + - + + - -
Diencephalon Thalamus 6 - - - - - - - R
Mesencephalo Rostral colliculi 6 - - - - - - - -
Caudal colliculi 6 - - + - - - - -
Metencephalon Pons 6 - - - - - - - -
Cerebellum 6 - - - - - - - -
Deep nuclei of cerebellum 6 - - - - - - - -
Myelencephalon ~ Medulla oblongata 6 - - - + - - - -
Spinal cord Cervical 6 - - - - - + - R
Total 71 1 1 7 2 5 7 4 0

MEN: meningitis, EN: encephalitis, PVE: perivascular edema, PVC: perivascular cuffing, AST: astrocytosis and astrogliosis, FG: focal gliosis,
DNP: decreased neuronal population, GN: glial nodules. Pathological anomalies: (+) present, (-) absent

Similar to previous studies (Moriguchi et al. 1976; Haligur
et al. 2014; Alsaad et al. 2017), joint deformity was not seen
at the articular surfaces of affected limbs. The spinal cord
was not sampled in calves with arthrogryposis, due to the
owner’s refusal.

Torticollis, scoliosis, and brachygnathism in AKAV-
infected calves are less common compared to small rumi-
nants (Kirkland 2015), however, were diagnosed in the
present study. Scoliosis, lordosis, and spina bifida were less
common skeletal defects in calves. Previous studies have
reported these defects in calves with AKAV (Haligur et al.
2014; Kirkland 2015; Alsaad et al. 2017). Concurrent skel-
etal defects such as lordosis and torticollis were seen in
calves with hydranencephaly, similar to a study conducted
by Haligur et al. (2014) in an aborted AKAV-infected fetus.
Skeletal defects in calves may cause dystocia, which in
severe cases requires fetotomy (Kirkland 2015; Alsaad et
al. 2017). Although in this study some calves with arthro-
gryposis were delivered with dystocia, fetotomy was not
necessary.

Calves with dome-shaped skulls look normal at first
glance, but they are mostly blind and unable to suck and
respond to stimuli (Alsaad et al. 2017). In the present study,
stance inability was seen in the calves and they died much
earlier than other affected calves. Hence, recorded clinical
signs are minimal. Whittem (1975) stated that calves with
hydranencephaly have no abnormalities in their skull bones,
with no disorders in CSF circulation and intracranial pres-
sure. However, domed skulls may be found in patients with
AKAV with a slight increase in skull size (Blood 1956;
Alsaad et al. 2017). In the present study, the 4 dome-shaped
skulls were diagnosed as hydrocephalus upon necropsy.

The acute phase response in calves with A-H syndrome
leads to the disruption of physiologic and biochemical pro-
cesses (Alsaad et al. 2017). Leukocytosis as neutrophilia in
the leukogram may be explained by this condition or stress
in our patients. On the other hand, inflammatory cytokines
have been shown to suppress the bone marrow, induc-
ing anemia in severe inflammation (Morceau et al. 2009).
We believe that difficulty in forage intake and probably
the above mentioned factors have led to anemia and pale
mucous membranes.

Macroscopic observation of the brain is sufficient for the
diagnosis of hydranencephaly (Konno et al. 1982; Maxie
2016). Primary inflammatory foci and circulation of cere-
brospinal fluid cause continual erosion and are involved
in the development of hydranencephaly (Whittem 1957,
Konno et al. 1982). Cerebral defects can vary from small
cystic lesions to the complete absence of hemispheres
(Kirkland 2015). Upon necropsy, cerebral hemispheres were
markedly lost and replaced by CSF-filled sacs. However, in
some cases, lobes were incompletely formed (with mini-
mal gyri and sulci). These findings were similar to previous
results, but the stages of lobar development were variable
(Konno et al. 1982; Haligur et al. 2014). Moreover, Inoue
et al. (2024) reported similar necropsy findings in porcine
fetuses infected with AKAV.

Although Golchin et al. (2023) have diagnosed cerebel-
lar hypoplasia upon gross and microscopic examination in
AKAV-positive calves, in the present study, there was no
cerebellar defect, and lesions were limited to the cerebral
hemispheres and spinal cord (focal gliosis).

Various factors such as the causative agent, pathogenic-
ity, and fetal age (immune system development) appear to
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play a role in the severity of lesions in patients with hydra-
nencephaly (Hartley et al. 1977; Uchida et al. 2000; Hali-
gur et al. 2014). Infection in the second half of gestation is
expected to cause limited lesions (Konno et al. 1982), where
some structures of the brain will remain intact. Due to the
destruction of the cerebral hemispheres in hydranencephaly,
the brain’s weight is decreased. The maximum and mini-
mum recorded brain weights in calves with hydranenceph-
aly were 158 g and 69 g, respectively. On the other hand,
CSF volume measured 110-230 ml. Although, the volume
of CSF in the cranial cavity of calves with hydranencephaly
was reported 50 to 75 ml (Kurogi et al. 1977; Haligur et
al. 2014). The incidence of microencephaly, occurring at
the latest stages of the outbreak, is low in AKAV infection
(Constable et al. 2017). In the present study, this defect was
only seen in 6 calves.

Histopathological findings of hydranencephaly in Aka-
bane cases do not have much diagnostic value as many parts
of the brain are destroyed (Kirkland 2015), but they can help
understand the process of disease and tissue changes (Maxie
2016). The thickness of the cerebral cortex and the neuronal
population was reduced in partially developed lobes where
they were replaced by astrocytosis, astrogliosis, and focal
gliosis. In addition, each patient showed either non-suppura-
tive encephalitis or meningitis. The microscopic findings in
our study were similar to that obtained from previous studies
in affected calves and porcine fetuses (Hartley et al. 1977;
Konno et al. 1982; Haligur et al. 2014; Kirkland 2015; Lee
et al. 2016; Golchin et al. 2023; Inoue et al. 2024). Gliosis
and perivascular cuffing in neural tissues were found only in
viral hydranencephaly (Schild et al. 2011), and were present
in our study. The presence of microgliosis and astrocytosis
in the perivascular area indicates an inflammatory process
in the brain (Lee and Zhang 2016), however, the presence
of inflammatory cells is not common in viral hydranen-
cephaly, because most of the inflammatory reactions occur
at the early stages of infection and are eliminated before
birth (Kirkland and George 2018). Some sections revealed
multifocal hemorrhages that were similar to the results of
Moriguchi et al. (1976). The authors believe that the hem-
orrhages may have been caused by repeated injury to the
brain tissue following the frequent circulation of CSF and
exaggerated movements of the patient that cause harsh fluid
displacement within the sacs. Similar to previous studies, all
lesions were limited to cerebral hemispheres, while cerebel-
lum, pons, and medulla oblongata were intact in all cases
(Kirkland 2015; Alsaad et al. 2017). However, Haligur et
al. (2014) stated the main lesions in the medulla oblon-
gata, pons, and midbrain of aborted fetuses due to AKAV.
Interestingly, cerebellar hypoplasia has been reported in the
affected calves by Golchin et al. (2023).
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It is worthwhile to mention that throughout the disease
episodes, no cases were observed in the small ruminants,
camels, or equine populations in the area. Since there is no
commercial vaccine available, prevention of the disease
is challenging (Alsaad et al. 2017). Eventually, it must be
mentioned that the disease is likely to stay latent for 5 to
10 years and outbreaks can be expected when a lot of naive
pregnant cattle come to contact with a large population of
vectors (Blood 1956; Constable et al. 2017). Thus, an out-
break of this disease is expected within 10 years in Iran.

Conclusion

AKAV infection has distinct neurological and skeletal man-
ifestations. In areas possessing Culicoides species, AKAV
infection must be included in the differential diagnoses
along with other teratogenic viral infections.
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