











Research Article

195

ATES, TERZI, CIFTCI
ORTATATLI, CELIK

perineuronal edema and gliosis were observed. Irregularly
vacuoles and rarely demyelination were seen in the white
matter of the whole central nervous system (Fig. 2). To a
lesser extent, hyperemia in the abomasum mucosa and
depletion in lymphoid foci in the spleen were determined.
The distribution of histopathological findings observed
according to the BoNT type determined is presented
in Table 1 in detail. In addition, in the histopathological
examination of two animals (one sheep, one goat), a
micro-abscess and perivascular cuffing were found in the
brain stem, and it was determined that these cases were
listeriosis as a result of IHC staining.

Immunohistochemical Findings

The presence of BoNT type C and type D, and the density
of SNAP-25 and synaptobrevin, were determined immuno-
histochemically in the various tissues of research animals.
No immunoreactivity was found in animals used as
negative control in the study. The positive reaction was
obtained in two cases whose mouse test result was found

to be positive and was used as positive control in the
study. BoNT-C was detected in two of twenty cattle and
one of seven sheep. BONT-C immunoreactivity was not
observed in goats. BONT-D was determined in seven
cases of cattle, two of sheep, and two of goats. BONT-C+D
immunoreactivity was observed in two cases of cattle. In
summary, BoNT immunopositivity was achieved in a total
of sixteen of thirty ruminants (Table 2). Immunoreactivity
was found in the cytoplasm and sometimes in the nucleus
of the parenchymal cells (Fig. 3). When the distribution of
neurotoxins by organs was examined, no positive staining
in the heart tissue was observed in any of the animal
species. The detailed distribution of BoONT by organs and
animal species is presented in Table 3.

The IHC scores for SNAP-25 and synaptobrevin are
summarized in Table 4. SNAP-25 immunoreactivity in
BoNT-C- and BoNT-C+D-positive cases were found to
be significantly reduced compared to the control group,
toxin-undetectable cases (negative animals), and BoNT-D-
positive cases (P<0.05). In BONT-D-positive cases, this effect

pum (B, I) and 200 pm (D)

Fig 2. Botulism microscopic images (A) Bleeding in neuropil tissue (arrow), (B) Hyperemia (black arrow) and edema (red arrow) in meninges, (C) Edema and
thickening in meninges (arrows), (D) Perineuronal oedema and gliosis, (E) Central chromatolysis in neurons (arrow), (F) Degeneration in neurons (arrows), (G)
Degeneration (red arrow) and necrosis (black arrows) in kidney tubular epithelium, (I) Steatosis (arrows) in hepatocytes. HE, Scale bars: 50 um (A, C, E, F, G), 100

Table 1. Histopathological findings according to the type of toxin

Toxin Types
Histopathological Findings Negative BoNT-C BoNT-D BoNT C+D
(n:14) (n:3) (n:11) (n:2)
Lung oedema and emphysema 5/14 3/3 9/11 2/2
Hydropic degeneration/fatty changes in hepatosit 4/14 2/3 8/11 1/2
Hydropic degeneration in kidney tubules epithelium 3/14 2/3 6/11 2/2
Catarrhal enteritis 4/14 2/3 7/11 1/2
Degeneration/necrosis and gliosis in neurons 6/14 3/3 8/11 2/2
Hyperaemia in brain vessels 6/14 3/3 8/11 2/2
Oedema in neuropil tissue 5/14 2/3 7/11 2/2
Haemorrhage in neuropil tissue -/14 2/3 5/11 1/2




196

Detection of Botulinum Neurotoxin Serotypes Cand D ... Research Article

Table 2. Distribution of BoNTs detected by IHC method and mouse test according to animal species

IHC Mouse Test
Animal Species
BoNT-C BoNT-D BoNT-C+D Total BoNT-D BoNT-C
Cattle (n:20) 2 7 2 11 (55 %) 2 1
Sheep (n:7) 1 2 0 3(42.85 %) 0 0
Goat (n:3) 0 2 0 2 (66.66 %) 0 0
Total 3 11 2 16 (53.33 %) 2 1

Fig 3. BoNT-C (A-D) and BoNT-D (E-H) immunoreactivity. Immunoreactivities in hepatocytes (A), stratum granulosum of cerebellum (B), tubular epithelial cells
(arrows) (C), intestinal epithelial cells (arrows) (D), hepatocytes (rings) (E), neurons in cerebrum (F), tubular epithelial cells (arrows) (G), intestinal gland epithelial
cells (arrows) (H). IHC staining, DAB chromogen, Mayer haematoxylin, Scale bars: 50 um (A-D, H) and 100 pm (E-G)

Table 3. Distribution of BONT according to organs and animal species

Cattle Sheep Goat Total

Tissue/Toxin Type
BoNT-C BoNT-D BoNT-C BoNT-D BoNT- C BoNT-D BoNT- C BoNT-D
Liver 1 3 1 2 1 6
Intestines 1 5 1 2 5
Brain 1 2 1 2 1 2 5
Kidney 2 1 1 2 2
Spleen 1 1
Table 4. IHC staining scores of SNAP-25 and synaptobrevin by BoNT types*
Toxin Type

SNARE Protein Type BoNT-C BoNT-D BoNT-C+D Neg

Control

(+) (+) (+) (-)

SNAP-25 3.75£0.25° 1.33+0.33¢ 2.63+0.24° 1.50+0.50¢ 3.35+0.17%®
Synaptobrevin 3.50+0.282 3.33+0.33° 1.18+0.12° 1.00£0.00° 3.28+0.24*
a<Values in columns with no common superscripts are significantly different according to the post-hoc Duncan test after the one-way ANOVA (P<0.01).
* The numbers represent the average values of IHC staining intensity scores for SNAP-25 and synaptobrevin according to BoNT types. Scores: Negative (0),
mild (+1), moderate (+2), severe (+3), very severe (+4)

was more partial. The immunoreactivity of synaptobrevin
was found to be significantly reduced in BoNT-D- and
BoNT-C+D-positive cases compared to other groups
(P<0.05). There was no statistically significant difference in

BoNT-C-positive cases (P>0.05). In addition, a moderately
negative correlation (r:-0.50, P<0.005) between BoNT-C
and SNAP-25 and a stronger negative correlation (r:-
0.75, P<0.000) between BoNT-D and synaptobrevin were
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Table 5. Correlation relationship between BoNT types and SNAP-25 and synaptobrevin*

Toxin Type
SNARE Protein Type BoNT-C BoNT-D BoNT-C+D Neg
(+) (+) (+) (=)
r:-0.50 r:-0.104 r:-0.354 r+0.578
SN P<0.005 P<0.585 P<0.055 P<0.001
T, r:+0.269 r-0.75 r:-0.305 r:+0.718
ynap P<0.150 P<0.000 P<0.101 P<0.000
* Correlation value (r) was calculated by Pearson test

Fig 4. SNAP-25 (A-D) and synaptobrevin (E-H) immunoreactivity (Imr). (A) Very severe Imr in molecular, granular (star) and ganglionic layers, cerebellum, control
group, (B) Mild Imr in granular layer (star), cerebellum, BoNT-C positive group, (C) Severe Imr in granular layer (star), cerebellum, BoNT-D positive group, (D)
Moderate Imr in granular layer (star), cerebellum, BoNT-C+D positive group, (E) Very severe Imr in molecular, granular, and ganglionic layers, cerebellum, control
group, (F) Mild Imr in granular layer, cerebellum, BoNT-D positive group, (G) Severe Imr in granular layer, cerebellum, BoNT-C positive group, (H) Moderate Imr in
granular layer, cerebellum, BoNT-C+D positive group. IHC staining, DAB chromogen, Mayer haematoxylin, Scale bars: 500 pm (A-D), 200 pm (E-H)

observed, both of which were statistically significant. A
positive correlation was found between negative cases
and both SNAP-25 and synaptobrevin (Table 5). Although
SNAP-25 immunoreactivity was observed in neuropil
tissue of the cerebrum, it was not found in neurons, glia
cells, and endothelial cells. In the substantia grisea of
cerebellum, intense immunoreactivity was observed in
the granulosa layer and mild immunoreactivity in Purkinje
cells. Substantia alba was not stained positive (Fig. 4, A-D).
Synaptobrevin IHC staining pattern in the cerebrum and
cerebellum was detected to be exactly like the SNAP-25
(Fig. 4, E-H).

Discussion

It has been reported that the most significant cause of
widespread botulism outbreaks in farm animals is feed
poisoning 4. C. botulinum agents proliferate rapidly in
deceased animal carcasses or rotted organic substances
(such as improperly stored silage) and secrete neurotoxins 1,
Ingestion of feed and water contaminated with neurotoxins
and, in recent years, large silage bales produced without
acidification in large plastic airtight bags and the use of
tight round bales of straw have been associated with

increased cases of botulism in horses and cattle %, In
the anamnesis of cases with suspected botulism that
were brought to our laboratory and constitute the material
of the current study, animal owners often stated that
some dead rodents or other animals were found in the
bales. That said, it is common for cadavers of deceased
animals to be thrown into the pasture or around places
where animals are housed. However, these cadaveric
pieces, especially when eaten by animals that tend to eat
foreign matter, are one of the important factors causing
the disease. In addition, based on the technological
development of agricultural machinery, the reaping of
baby birds, snakes, lizards, turtles, and mice by harvesting
machines during mowing while closest to the ground,
and their mixing into the bales, may be another important
reason for the disease. Therefore, it is understood that a
good anamnesis knowledge and careful analysis of the
shelter and the environment are highly important in the
detection of the disease.

The clinical findings in the study are consistent with those
observed in cases or outbreaks of botulism previously
reported in the literature ®'3'829 Although these clinical
findings observed in animals vary according to the course
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of the disease, they are not pathognomonic . However,
the most characteristic finding we observed was partial
or complete paralysis in locomotor muscles. This paralysis
usually starts from the back of the body and spreads
forward. This condition, which occurs as a result of the
inhibition in the release of acetylcholine, progresses rapidly
and causes the animal to have difficulty in standing up
and eating ", In addition, it was stated that most of the
animals in our study died without any clinical signs.

The general judgmentin botulism is that necropsy findings
are not specific to the disease. However, systematic, and
careful necropsy can provide important clues to indicate
the disease. In this study, we evaluated that dilatation in the
anterior stomachs, especially induration of the omasum
and the dryness of its content, was caused by paralysis of
the synaptic and presynaptic nerves . Although these
findings observed in the forestomach are also seen in some
febrile diseases, they are thought to be highly important
in cases where there is no fever but paralysis and toxicity
symptoms are present. Despite this stagnation in the front
stomachs, itis also remarkable to find watery content in the
intestines. It has been interpreted that the findings such
as fluid retention in the body cavities, pulmonary edema,
bleeding in the visceral organs, developed because of
damage caused by the toxin in the vascular endothelium.
Similarly, compression of the cerebellum into the occipital
foramen, the presence of skull imprints in the hemispheres,
and thickened and/or opaque meninges may also be due
to brain edema raised by vascular damage. Although
macroscopic findings have occasionally been included
in the literature 224, it is understood that they have not
been analyzed in detail, the authors claiming that they
are not specific to the disease. However, in the diagnosis
of botulism, which is highly difficult to diagnose even in
the most equipped laboratory conditions, the importance
of evaluating and analyzing all kinds of information,
especially necropsy findings, is undisputed, particularly in
field conditions where resources are extremely limited.

In the study, important histopathological findings were
observed in the central nervous system. Gliosis, ischemic
neuronal changes, neuronal necrosis, and chromatolysis
were seen. In addition, perivascular and perineural edema,
hyperemia, and bleeding, which are the causes of macro-
scopically hyperemicand opaque appearance of meninges,
were common (Fig. 2). Similar degenerative vascular findings
and cell degenerations were found in visceral organs such
as the liver and kidney. This strongly suggests that most of
these lesions might consist of circulatory disorders caused
by toxin damage to the vascular endothelium. It should
also be noted that relaxation in the vascular muscles,
which may occur because of inhibition of acetylcholine
release by neurotoxins, can contribute these circulatory
disorders.

It is noteworthy that the histopathological findings belong
to botulism in the literature are very limited '\, However,

in this study, the presence of significant microscopic
lesions in cases with BoNTs suggests that these findings
may often be overlooked (Table 1). We predicted that the
findings detected histopathologically, especially in the
central nervous system, could provide important clues
about botulism when evaluated together with other
data, although they were not sufficient for the definitive
diagnosis of the disease. Up to this point, anamnesis,
clinical findings, environmental observation, feed and
shelter examination, macroscopic findings during necropsy,
and general evaluation of microscopic findings have been
highly important for the prediagnosis of the disease.
Immediately after the findings are observed, it is vital
for herd health to take necessary protection and control
measures such as vaccine application, suspicious feed and
material disposal, and environmental cleaning until toxin
isolation by the authorities.

In the study, well-known and used routinely in many
areas, the IHC staining technic was used for the first time
for the detection of BoNT-C and BoNT-D through specific
monoclonal and polyclonal antibodies, and the results
were evaluated. As such, the presence of BoNT was
detected with IHC method in eleven of twenty cattle, three
of seven sheep, and two of three goats (sixteen of thirty
ruminants; 53.33%) with suspected botulism (Table 2).

The rapid course of most cases owing to the high toxicity
of BoNT poses a major challenge both in the diagnosis
of botulism and in the implementation of appropriate
treatment or precautions. The gold standard method
for the detection of BoNT is considered to be the mouse
inoculation test that can detect BoNT at the level of 10
pg/mL ¢, This test requires observation of mice for two
to four days after intraperitoneal injection with samples
prepared from serum or gastrointestinal contents '8,
Furthermore, additional neutralization steps are required to
identify the antigenically different serotypes of BONT 1427,
However, new diagnostic methods need to be developed
because this test is highly laborious, time-consuming,
and potentially hazardous to personnel during injection;
involves ethical problems; and requires a specially
equipped laboratory 2. For this purpose, a number of
immunological test formats have recently been reported
for the detection of the antigenic nature of the botulism
toxin or toxin complexes ?7. Compared with the mouse
test, immunological tests are performed and interpreted
technically, simply, and quickly 8. Most early diagnostic
tests such as radioimmunoassay *, ELISA "%, and immuno-
PCR 22271 provided equal sensitivity to mouse experiments
thanks to advances in signal amplification "% In the past
thirty years, ELISA, a test based on antigen-antibody
interaction, has been the most widely used technique for
serotyping and toxin detection . With the introduction
of high-affinity antibodies in ELISA, lower toxin detection
limits were achieved than that of possible with mouse
inoculation tests (2 pg/mL-2 ng/mL) %39 |n a study on
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the serum of botulism-suspected animals (bovine and
avian), ELISA and mouse inoculation tests were compared
and found that the sensitivity and specificity of ELISA
were higherB". Fromall these findings, itcan beinterpreted
that immunologically based tests are successful in
determining BoNT.

In addition to the above-mentioned disadvantages of mouse
tests, there are some extra factors that limit sensitivity in
ruminants ., Firstly, in order to perform mouse tests with
samples prepared from blood serum, internal organs
such as liver and stomach-intestines contents, autolysis
should not have occurred yet in suspicious cadavers '8,
Because, toxigenic clostridia species rapidly proliferate
in decomposed organic materials and can expose BoNT
through autolysis . Furthermore, the neurotoxigenic C.
botulinum found in ruminants as part of the gut microbiota
can invade post-mortem cadaver ®'®. There may also be
variations between species in the sensitivity to mouse
tests ['®l. Cattle have been found to be 12.88 times more
susceptible to BoNT-C than mice 2", It is therefore stated
that mouse tests are not sensitive enough in ruminants,
especially cattle 82", For the mouse tests, only ruminal
content samples taken in accordance with the standards
from animals, in this study, were accepted by the official
local laboratory authorized by the Ministry of Agriculture
and Forestry. Here, the presences of BONT-D and BoNT-C in
two and one cattle respectively were able to be detected
with the mouse tests (Table 2). As in this study, there are
many studies in which insufficient results were obtained in
toxin isolation and identification as a result of the mouse
tests B34, The consensus in these studies is that the
sensitivity of mouse bioassay is insufficient to detect the
presence of BONTin ruminants due to the very low amounts
of circulating toxin and the toxin is rapidly degraded. In
the Republic of Ireland, it has been reported that 65 dairy
cows died or euthanized in botulism outbreak and BoNT
could not found in mouse experiments 5%, In France, BONT
isolation could not be obtained by mouse tests in a major
botulism outbreak resulting in the death of 80 of 110
cattle, but C. botulinum D/C spores were detected by PCR
and anaerobic cultivation in silage #%. In another botulism
outbreak that resulted in the death of 427 cattle, toxin
was obtained in mouse tests in the decayed cat cadaver,
which is thought to cause the epidemic, while could not
be detected in the rumen content, milk, and organs of
the affected animals. However, it was reported that the
presence of BoNT in liver and rumen content was detected
with ELISA P4 When all these are evaluated together, it
can be concluded that mouse tests have low sensitivity in
ruminants, positive results highly indicate the presence of
botulism, but negative results are insufficient to exclude
the disease 17183334,

The formalin-treated form of the toxin is called toxoid ?7.,
As is known, the tissues used in the application of the
IHC method are fixed with formalin. Therefore, the use of

antitoxoid primary antibodies, as in our study of toxin
screening with IHC, is important to increase the affinity
and specificity of staining. Rapid absorption of BoNT,
which can be in minuscule amounts but with a strong toxic
effect, to neuromuscular junctions also complicates toxin
isolation 81618 This may be one of the reasons why most
of the blood or fecal samples used in other diagnostic
methods for live animals are often not positive. Similarly,
methods such as mouse tests may give false negativity
because of degradation of the toxin as a result of rapid
enzymatic activity and other post-mortem changes, or
false positives may arise owing to the toxins produced
by the agents in the gut of dead animals ¥, However, in
this study, thanks to formalin fixation of the tissues before
the IHC method, these changes and disadvantages were
prevented, and then the toxins in the tissues and organs
were made visible using a toxoid form specific antibodies.

Also, visualization of toxin localization on tissues has been
evaluated as another important advantage of IHC. Especially
after death, there is doubt which tissue or sample to send to
the laboratory for the diagnosis of botulism. Likewise, there
are some contradictions about which types of samples
should be used in diagnostic laboratories. In this regard,
with this study we presented the organs determined to
have BoNT by IHC method (Table 3). But unfortunately,
for the diagnosis of BoNT in Turkey, the mouse tests are
performed from only gastrointestinal content, blood serum,
or feed samples because of official rules 2. This may be
another reason why immunohistochemically positive cases
in the study were negative in the mouse experiments
(From 30 animals, a total of 16 in IHC but 3 in the mouse
test; Table 2).

It has been reported that the Hec subdomains of BoNT-C
and BoNT-D’s heavy chains interact with protein receptors,
gangliosides (GD1b, GT1b) and phosphatidylethanolamine,
which are expressed in many cell types such as hepatocytes
and crypt epithelial cells in the gut. But the high presence
of both gangliosides and protein receptors in neural cells
is probably the explanation for why BoNT has a particular
affinity for these cells and can cause the disease even at
very low concentrations %135, Also, it is stated that BoNTs
can target many neurons, though not all, and inhibit the
release of various compounds by affecting non-neuronal
cells at high concentrations %337, This situation is seen
as a possible cause of the presence of toxin in brain and
parenchymal organs in the study. As can be understood
from both the prior literature [11419242731.383% gnd the
findings of this study that the samples prepared from the
brain and internal organs, especially the liver, which is the
first station for the toxins absorbed from the intestine,
should be used in the diagnostic tests.

BoNT-C and D were found to be localized in the cytoplasm
and sometimes in the nucleus. There are important
differences in terms of intracellular localization of BoNT
types. Indeed, it has been reported that the LC of BONT-A
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and BoNT-E are localized in the plasma membrane and the
cytosol respectively while the LC of BoNT-B is distributed
throughout the cell including the nucleus %%, Although
there is no data on the intracellular localization of BONT-C
and D in literature, it can be noted from the findings of the
study that they distributed throughout cell compartments
as similar to BoNT-B.

BoNTs proteolyze the SNARE proteins (SNAP-25 and
synaptobrevin), preventing neurotransmitter release from
vesicles containing acetylcholine in the neuromuscular
junction and thereby causing loose paralysis 7. BONT-A,
C1, and E proteolyze SNAP-25, while BoNT-B, D, F, and G
cause proteolysis of synaptobrevin "', Because the
proteolysis in SNARE proteins differs according to the
toxin type, the researchers have conducted studies on the
usability of this feature in determining the toxin type of the
disease. In hippocampal culture samples given BoNT-C, it
was found that IHC staining of syntaxin and SNAP-25 were
decreased 2. It has been noted, in a study, that BONT-A,
C, and D cause significant reductions in immunoreactivity
of SNAP-25, syntaxin |, and synaptobrevin Il in the mouse
phrenic nerve-hemidiaphragm preparation “. Similarly,
others have reported that SNAP-25 or synaptobrevin is
specifically proteolyzed by BoNTs “*4, However, to the
best of our knowledge, there are no data in the literature
on the interaction between these toxins and SNARE
proteins in ruminants that are heavily exposed to BoNTs.
In our study, in cases in which BoNT-C and BoNT C+D were
determined, SNAP-25 expression decreased significantly
compared to the control and negative groups. This
situation was partially detected in cases in which BONT-D
was determined. However, only BoNT-C from these groups
was found to have a significant negative correlation with
SNAP-25; that is, this toxin reduced the SNAP-25. On the
other hand, synaptobrevin expression was decreased in
BoNT-D and BoNT-C+D groups compared to other groups,
but a negative correlation was observed between only
BoNT-D and synaptobrevin (Table 4, Table 5). When the
immunoreactivity data of SNAP-25 and synaptobrevin
obtained in our study were evaluated together, it was found
that BoNT-C specifically proteolyzes SNAP-25 while BONT-D
specifically proteolyzes synaptobrevin in ruminants. This
indicates that the flaccid paralysis in ruminants because of
BoNTs, as in other species >4 is a result of the proteolysis
of SNAP-25 and synaptobrevin. At the same time, it can
be a guide both for confirming a diagnosis of botulism
made with IHC and in cases where botulism is suspected
but toxins could not be detected. In addition, SNAP-25 and
synaptobrevin proteolysis in the central nervous system
can disrupt acetylcholine release, resulting in impaired
communication between neurons. This situation may
contribute to the aggravation of the observed symptoms
or the increase of deaths in ruminates.

As a result, in this study, we attempted to conduct a
comprehensive analysis of macroscopic and microscopic

findings, which take a very limited part in the literature, as
well as the diagnostic approach from the anamnesis stage
to clinical findings of botulism disease. In this context,
we emphasized that anamnesis, clinical symptoms, and
macroscopicand microscopicfindings should be evaluated
together for the preliminary diagnosis of the disease.
Also, we have suggested that, if necessary, preventive
measures (vaccination, destruction of contaminated feed
and materials, etc.) should be taken without waiting for
the results of tests to reveal the presence of toxins. In
addition, as an alternative to mouse inoculation tests, the
effectiveness of IHC staining was questioned, and it was
thought that this method might be worthy comparing
with other tests. It was also determined that the proteo-
lysis status of SNAP-25 and synaptobrevin, which are
responsible for the emergence of clinical findings in
patients, may contribute to the diagnosis.
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