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Simple Summary: Myasthenia gravis is a disorder of neuromuscular transmission affecting neuro-
muscular junction. Both congenital and acquired forms are described in dogs. Usually, the acquired
form might be induced by an autoimmune attack against specific acetylcholine receptors. Viral
infection is incriminated to be a trigger for myasthenia gravis occurrence and, in a limited number of
papers, infection with SARS-CoV-2 was found to be associated with myasthenia gravis expression
in humans. In this case report, we describe a 2-year old crossbred, female dog case of seronegative
generalized myasthenia gravis and concomitant SARS-CoV 2 infection due to close exposure to
an infected owner. Despite the viral particles were not identified in our dog, the presence of anti
SARS-CoV 2 antibodies and the epidemiological context were highly suggestive for a new recent
infection with SARS-CoV 2. Our data complete the limited number of reports which document the
SARS-CoV 2 passage from owners to pets and underline the role of serological screening for specific
anti-SARS-CoV 2 antibodies as an indirect marker of infection especially when the viral detection fail
to PCR test.

Abstract: Myasthenia gravis (MG) is a disorder of neuromuscular transmission affecting the neu-
romuscular junction. The majority of cases involve an autoimmune attack against AChR, but a
limited number of patients are seronegative for AChR antibodies. Viral infection is incriminated as a
trigger for MG occurrence, and in a limited number of reports, infection with SARS-CoV-2 was found
to be associated with MG expression in humans. In this report, we describe case of seronegative
generalized MG in a 2-year-old crossbred female dog associated with SARS-CoV-2 infection due to
close exposure to an infected owner.

Keywords: seronegative myasthenia gravis; dog; coronavirus

1. Introduction

Myasthenia gravis (MG) is a disorder of neuromuscular transmission affecting the
neuromuscular junction. MG is clinically expressed in three forms. In the focal one, only
the cranial nerves are involved, and the clinical signs are limited to regurgitation (as a
result of esophageal dilatation), dysphagia (as a result of pharyngeal dysfunction), voice
change (as a result of laryngeal paralysis), or multiple cranial nerve abnormalities in the
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absence of generalized muscle weakness (dysphagia, megaesophagus). Animals with
the generalized form elicit a generalized weakness associated or not with esophageal or
pharyngeal dysfunction [1]. This clinical form evolves in an episodic frame and total
recovery appears after rest. The fulminant form is characterized by a sudden onset of
esophageal dilatation, rapid progression to quadriparesis, respiratory failure, and high
mortality [2].

MG is caused by either a deficiency or functional disorder of the nicotinic acetylcholine
receptor (AChR) in congenital MG or by an autoimmune attack against AChRs, resulting
in the depletion of receptors in acquired MG [1,2], but autoantibodies targeting muscle-
specific kinase (MUSK) also are reported. MG may be associated with other autoimmune [3],
endocrine, and neoplastic disorders [4]. In humans, acquired MG immunological cross-
reactivity between AChR peptides and viral/microbial proteins has been reported, and
some viruses are known to be triggers for MG expression [5-8].

In this paper, we describe a case of the generalized form of seronegative MG in a dog
associated with SARS-CoV-2 infection.

2. Case Description

A 2-year-old crossbred, 22 kg, neutered, female dog was presented to the neurology
service at the Veterinary Teaching Hospital lasi with signs of progressive weakness. The
clinical signs started 4 weeks prior to presentation, 11 days after the owner was diagnosed
with SARS-CoV-2 virus and quarantined. The initial clinical signs consisted of mild dys-
phagia and a tendency to avoid physical activity. After two weeks of quarantine, once
the dog’s regular physical activity was restored, the owners remarked that the dog was
not able to walk properly for longer distances and reported severe dysphagia associated
with regurgitation episodes. The dog was presented to a general practitioner vet and a
complete blood test and thoracic X-rays were performed. On the thoracic X-ray, a dif-
fuse interstitial pulmonary pattern was visible in cranial and diaphragmatic lung lobes,
along with a bronchial pattern in the diaphragmatic lobes on the right lateral chest image.
The cardiac silhouette appeared normal in shape and size without dorsal displacement
of the trachea. A radiolucent tubular area was visible in the dorsal third of the thorax
extending from the thoracic inlet towards the diaphragm, consistent with esophageal gas
distention (Figure 1a). On the ventro-dorsal view, the diaphragmatic lung lobes had a
diffuse interstitial peri-bronchial pattern. The cardiac silhouette appeared normal. The
esophageal distension was not visible in this view. On cell blood count, no changes were
observed for red cells and leukocytes, but trombocytemia (18 x 10%/uL, normal range
211-621 x 103/ uL) was noticed. Serum biochemistry was unremarkable, with the ex-
ception of alanineaminotransferase (ALT), which was increased (154 UI/L, normal range
10-50 UI/L). A blood smear was analyzed and Babesia gibsoni infestation was observed.
Doxicilyne (7-10 mg/Kg, q 12 h, Doxiciclina, Antibiotice Iasi, lasi, Romania) and ato-
vaquone (13.3 mg/kg per-os, q 8 h) therapy was started for 2 weeks, after which the blood
smear was negative for Babesia. However, the patient was not able to sustain a normal walk,
even for short distances (especially on the posterior limbs). To exclude Lyme disease, a
blood sample was submitted for Borellia antibodies measurement (ELISA), and the results
were in normal limits (IgG 1.1 VE (negative < 8 VE) and IgM 4.8 VE (negative < 8 VE), see
Supplementary Figure S1).

Because of the increased fatigability, the dog was referred to our service for a neuro-
logical examination.

At the presentation, an exercise-induced collapse (the dog was able to sustain a normal
walk for less than 20 m) was observed. Both conscious proprioception and spinal reflexes
were normal at the beginning of neuroexamination but diminished and became absent
after multiple examinations. Cranial nerves were normal, with the exception of the blink
reflex, which disappeared after few stimulations of both internal and external canthus.
The consciousness level was normal. The perineal reflex, urinary and feces continence,
voluntary movements of the tail, and nociception were preserved.
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The rectal temperature was 38.8 °C, the heart rate (HR) was 165 beats/min, and the
respiratory rate was 32 breaths/min.

(b)

Figure 1. (a) Lateral thoracic X-ray at the first consultation. Note the diffuse interstitial pulmonary

pattern visible in cranial and diaphragmatic lung lobes, along with a bronchial pattern in the di-
aphragmatic lobes and esophageal gas distension. (b) Lateral thoracic X-ray upon admission to our
service (4 weeks later). The pulmonary pattern and esophageal gas distension are visible.

The neuroanatomical localization was consistent with a generalized lower motor
neuron condition. A mild to moderate score (4/5) according to the Muscle Weakness
Scoring System [9] was calculated.

Blood work revealed a slight increase in hematocrit (57.82%, normal range 37-55%)
and an increased number of red blood cells (8.55 x 10° cells/ul, normal range
5.5-8.5 x 10° cells/pL) and hemoglobin (19.2 g/dL, normal range 12-18 g/dL). The rest
of the parameters for cell blood count were in the normal range. Multiple blood smears
were submitted for cytological examination. The blood cytology was unremarkable and no
hemoparasites were observed. A full biochemistry profile (Comprehensive Diagnostic Kit,
ABAXIS, Griesheim, Germany) was performed. Increased ALT (475 UI/L, normal range
10-50 UI/L) and borderline albumin (4.4 g/dL, normal range 2.4-4.4 g/dL) associated with
a slightly decreased level of globulin (2.0 g/dL, normal range 2.3-5.2 g/dL) were seen.
Thyroid function was found to be normal. Canine TSH was normal (<0.25 ng/mL), T4 was
normal (1.55 ug/dL, normal range 1-4 ug/dL), cholesterol was 228.6 mg/dL (normal range
135-278 mg/dL), and triglycerides were 36 mg/dL (normal range < 150 mg/dL). Canine C
reactive protein (cCRP) was normal (19.1 mg/L, normal range < 20 mg/L), and no changes
were observed when blood gases (I Stat profile PrimePlus) and urine were analyzed.

Due to the dog’s close contact with a COVID-19-infected owner, a blood immunoflu-
orescence antigen rapid test (Standard F COVID-19 Ag FIA, SD Biosensor, Cheongju-si,
Korea; F200 analyzer SD, Cheongju-si, Biosensor Korea) and a PCR test (nasal, oral, and rec-
tal swabs were collected) were performed. The BioMagPure 12 plus Automated bench-top
nucleic acid extraction system from Biosan—Medical-Biological Research and Technologies
was used for RNA extraction. The BioMagPure Viral RNA extraction kit was used for ex-
tracting viral RNA from plasma or serum. The CFX96 Dx Real-Time PCR Detection System
for In Vitro Diagnostics (IVD) was used for real-time PCR diagnosis. The kit STAT—NAT
COVID-19 MULTI REF 1N036 was used for real-time PCR diagnosis. It is a lyophilized
mix for the qualitative detection of novel coronavirus SARS-CoV-2 in real-time PCR. The
STAT—NAT COVID-19 MULTI kit is an in vitro diagnostic medical device and it has been
designed for professional use in specialized clinical and research laboratories. This kit is
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based on RT-PCR testing and Sentinel STAT-NAT (Stabilized Amplification Technology—
Nucleic Acid Testing) technology. The kit consists of one optimized freeze-dried reaction
mixture (96 reactions total) simultaneously targeting two regions of the specific SARS-CoV-
2 RARP Gene and Orflb genes. All probes for the specific regions are labeled with FAM
fluorophore, allowing for fast and simple evaluation of results. Primers and probes specific
for a housekeeping gene labeled with HEX fluorophore are present in each reaction and
they are used as the endogenous internal control (IC). Both tests (immunofluorescence and
PCR) failed to identify the SARS-CoV-2 virus.

On radiography, in the right lateral thoracic image, a normal pulmonary pattern
was visible. The cardiac silhouette appeared with a normal shape and size, with a VHS
(vertebral heart score) of 9.9 v and normal aspect and position of the trachea. The vascular
structures were normal. A radiolucent tubular area was visible in the upper third of the
chest extending from the cranial thoracic inlet to the diaphragm, consistent with esophageal
gas distension (Figure 1b).

No abnormalities were noticed on the abdominal ultrasonography (LogiqV5 ultra-
sound machine equipped with a 4-8-MHz phased-array probe, General Electric Medical
Systems, Wuxi, China) and on 5 min six-leads ECG examination (ECG; PolySpectrum
8V ECG machine, Neurosoft, Ivanovo, Russia). The blood pressure was assessed non-
invasively in the coccygeal artery with the dog positioned in lateral recumbency, using an
oscillometric veterinary device equipped with a size-suitable cuff (VET HDO, S + B med-
Vet, D2 cuff, Babenhausen, Germany). The mean value of five artefact-free measurements
evaluated through the dedicated arterial pulse graphic was used for analyses [10]. After
taking the blood pressure, the patient was considered as normotensive, with a systolic
blood pressure (mean (m) + standard deviation (SD)) of 152 &+ 9mmHg and diastolic
blood pressure (m £ SD) of 85 + 2mmHg.

The blood creatine kinase and cholinesterase levels were checked and found to be in
normal limits (69.7 UI/L, normal range 10-200 UI/L [11] and 6168.5 U/L, normal range
3164-8164 U/L [12], respectively).

The electrophysiological tests were performed using the Neuropack S, MEB 9400 K
electrodiagnostic System (Nihon Kohden, Tokyo, Japan) under general anesthesia (Propofol
2 mg/kg i.v. route, Propofol Fresenius, Fresenius Kabi, Germany; and isoflurane 0.5-2%,
Anesteran, Rompharm, Romania). Electromyography tests were normal for both the pelvis
and thoracic limb musculature and motor nerve conduction velocity measurements per-
formed for the peroneal, tibial, and radial nerves based on recordings from the plantar,
palmar interosseous, and extensor carpi ulnaris muscles, respectively. A decrement in the
repetitive stimulation test was obtained for tibial and radial nerves (Figure 2a,b). The findings
were suggestive of a neuromuscular junction disorder.

Based on clinical examination, X-ray findings, and electrodiagnostic tests, myasthenia
gravis was presented as the main diagnostic hypothesis, and a serum sample was submitted
for testing the anti-acetylcholine receptor antibody or AChR antibody. The result was
negative for circulating AChR antibodies (cell line TE671: 50, normal < 400; cell homogenate:
50, normal < 300) (see Supplementary Materials).

A neostigmine challenge was performed the next day. Neostigmine methylsulfate
(Miostin, Zentiva, Romania) 0.02 mg/kg s.c. route followed by Atropine (Atropinum
sulphuricum, Romvac, Romania) (0.005 mg/kg s.c. route) were administered. The response
to neostigmine was rapid and consistent (see Supplementary Video S4), and no serious
side effects were noticed, with the exception of a transient epiphora at 10 min following the
anti-cholinesterasic agent administration.

Starting that day, therapy with piridostigmine 1 mg/kg, per os, q 8 h (Mestinon,
Labiana Pharmaceuticals, S.L, Barcelona, Spain); metoclopramide 0.5 mg/kg, per os, q 8 h
(Metoclopramid, Terapia, Romania); and omeprazole 0.75 mg/kg, per os, q 24 h (Omeprazol,
Terapia, Romania) was initiated.

Ten days after the patient’s presentation to our service, an increase in serum cCRP
was observed (27.5 mg/dL at 7 days, 48.3 mg/dL at 9 days, 67.5 mg/dL increase 12 days),
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but normal CBC. Prednisolone therapy was instituted at an anti-inflammatory dosage
(0.5 mg/kg/day, per os, Prednicortone, Le Vet Beheer B.V., Oudewater, Holland) for two
weeks. After the initiation of prednisolone therapy, the CRP decreased below 10 mg/dL
and the prednisolone was tapered to 0.5 mg/kg once every two days for another 2 weeks.

(b)

Figure 2. (a) Repetitive nerve stimulation test and the fatigability of the synaptic transmission.
(b) There is an obvious 10% reduction in the amplitudes of the fourth compound muscle action
potential compared to the first.

Eight weeks after the first presentation to our service (twelve weeks after the first
clinical signs), a blood sample was submitted to an external lab for the specific SARS-CoV-2
antibody profile. Nucleocapsid protein, spike S1 subunit receptor binding domain (RBD),
52 unit of spike (Spike S2), envelope protein, angiotensin-converting enzyme 2, papain-
like protease, and anti-SARS-CoV-2 IgG, IgA, and IgM antibodies were investigated and
quantified by the microblot technique. The results show the presence of anti-SARS-CoV-2
IgG, IgA, and IgM antibodies (Table 1). The highest values were obtained for IgM, especially
for Spike 2, envelope protein, angiotensin-converting enzyme 2, and papain-like protease.

Table 1. Specific anti-SARS-CoV-2 antibodies profile 12 weeks after the debut of clinical signs.

IgG IgA IgM

Anti-SARS-CoV-2 Specific Antibodies (Uml) (U/mL) (U/mL)

Anti-SARS-CoV-2—nucleocapsid (N) protein 8.521 8.490  142.050

Anti-SARS-CoV-2-spike S1 subunit receptor binding domain RBD  17.638 7.858  144.000

Anti-SARS-CoV-2—S2 unit of spike (Spike S2) 24.968 7.679  131.563

Anti-SARS-CoV-2—envelope (E) protein 19.730 6.704  132.002

Anti-ACE2—(antibodies of angiotensin—converting 19.287 7 564 139.756
enzyme 2)

Anti-PL pro—(papain-like protease) 9.9710 9.538  163.163

Two months after the initiation of combined anti-cholinesterasic agent and glucocorti-
coid therapy, the dog condition was stable, the effort tolerance was normal, and no cranial
nerves deficits were observed, with the exception of a decreased blink reflex when the
external canthus was stimulated. The radiological aspect consistent with megaesophagus
was still present.
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3. Discussion

To the best of our knowledge, this is the first report of a dog with seronegative MG
associated with SARS-CoV-2 infection due to close exposure to an infected owner. To date,
there are limited reports describing dogs acquiring infection in households with SARS-CoV-
2-infected humans [13,14] or in which the evidence of transmission of the virus between the
owner and the dog is suspected [15]. Moreover, when infected, most dogs are asymptomatic,
produce limited titers, and have a reduced duration of viral shedding [13], and in some
cases, even after the experimental inoculation, although seroconversion was observed, no
virus could be isolated [16]. Decaro et al. (2020) described a case of a dog infected with
SARS-CoV-2 due to close exposure to an infected owner. Interestingly, although the dog
did not show any clinical signs, the virus was identified in the first 3 days after the owner
had a positive PCR test [17]. We performed SARS-CoV-2 screening 4 weeks after the first
clinical signs, and both tests failed to identify the virus. The virus identification is rarely
successful, and the recommended window for PCR testing is still unclear [13,15-18]. In
this light, serological screening might be more suitable for dogs as long as the presence of
specific antibodies can be seen for a period varying from 12 days to 5 months after the viral
infection [19]. When the ELISA technique is used for diagnosis, two consecutive serum
samples must be tested: an increase in the antisera’s titer over time is considered to be
suggestive of confirming the diagnosis. On the other hand, the seropositivity to various
antigenic sites of the SARS-CoV-2 virus can be shared by many other coronaviruses from
other species [20], and caution must be taken when interpreting the presence of positive
antisera without testing the neutralizing effect on SARS-CoV-2. In our case, the presence of
specific anti-SARS-CoV-2 IgG, IgA, and IgM antibodies was observed twelve weeks after
the first clinical signs. The presence of neutralizing antibodies was not investigated in the
dog we examined, and no additional test was performed to see the evolution of antisera
titer. However, the presence of IgM and the epidemiological context are highly suggestive
of the presence of a new recent infection with SARS-CoV-2.

Thus, although the antigenic tests failed to identify the virus, the specific antibodies
detection might be considered as indirect evidence of SARS-CoV-2 infection.

Although circulating AChR antibodies were not detected in the dog, it cannot be
excluded that the SARS-CoV-2 infection may have triggered an autoimmune process and
determined the occurrence of acquired MG.

Cases with seronegative titer for AChR antibodies are sporadically described in dogs
(approximately 2% of dogs with generalized MG) [2]. Criteria used to diagnose MG in
seronegative dogs include consistent clinical signs, consistent pharmacologic (positive
edrophonium response) and electrophysiologic (decrement) findings, normalization of
limb muscle weakness after anti-cholinesterase therapy, and repeated AChR antibodies
(antibody titers should be repeated 1 to 2 months after a negative AChR antibody titer) [2].
In our case, all the criteria were fulfilled, with the exception of repeated titer for AChR
antibodies, which was not performed due to glucocorticoid therapy, which might mask
the antibodjies titer. We substituted the edrophonium challenge test with the neostigmine
test. In the absence of edrophonium, the clinical test with neostigmine appears to be a safe
and viable alternative [21]. The clinical response of neostigmine is consistent, and with the
exception of polymyositis, false positive responses were not reported [21]. In the dog we
examined, the creatine kinase level was normal (69.7 UI/L; normal range 10-200 UI/L [11]),
and no signs of muscle atrophy, myoglobinuric discharge, or independent muscular activity
were noticed during electromyography. Consequently, a muscular pathology was excluded.
Furthermore, a toxic exposure able to block the synapse was excluded by the normal level
of cholinesterase (6168.5 U/L, normal range 3164-8164 U/L [2]).

The electrodiagnostic test was consistent with MG; besides the normal EMG, no
changes were observed for electroneurography. The only feature was the decrement during
the repetitive stimulation. The amplitude decrement during the repetitive stimulation test
is a common feature in MG [2,3].



Vet. Sci. 2022, 9, 318

7 of 10

Usually, seronegative myasthenic dogs elicit the congenital form of MG. In the dog
we examined, the clinical signs occurred at the age of 2 years, and the owner reported no
previous clinical signs suggestive of MG. Interestingly, the clinical signs suggestive of a
focal MG presentation (dysphagia, regurgitation) occurred a few days after the owner’s
infection with SARS-CoV-2. In the past year, few reports described the occurrence of MG in
human individuals secondary to SARS-CoV-2 [22-25] infection or secondary to the vaccine
administration [26]. A handful of patients with myasthenia gravis showed exacerbation of
their disease after acquiring COVID-19 [27]. Although the mechanism is still unknown,
it is believed that the viral infection promotes CD4+ T cell-mediated B cell activation
and synthesis of pathogenic high-affinity autoantibodies. The autoantibodies bind to the
AChR and lead to impaired neuromuscular transmission and clinical manifestation of the
disease [28]. To the best of our knowledge, this is the first report to describe a possible
causality between SARS-CoV-2 infection and MG occurrence in dogs.

In the dog we examined, after the initiation of anti-cholinesterasis therapy, the weak-
ness disappeared. The radiological aspect compatible with megaesophagus was still
present, and minor cranial nerve deficits were observed (e.g., the blink reflex). Interestingly,
an increase in cCRP was observed despite the normal CBC, suggesting the presence of a
non-specific inflammatory response. Most of the human patients with MG who showed
exacerbation of their disease after acquiring COVID-19 disease recovered with either in-
travenous immunoglobulins or steroids [27]. The addition of glucocorticoids normalized
the cCRP values and might support an autoimmune etiology, even if the AChR titer was
negative. Four mechanisms are proposed for seronegative AChR dogs: (1) antibodies are
directed against non-AChR end-plate determinants; (2) antibodies are directed against the
toxin binding site such that patients with antibodies to this site would seem to be seroneg-
ative; (3) antibodies are bound to the end plates without detectable circulating serum
antibodies (antigen excess); and (4) antibodies are directed against antigenic determinants
that may be lost during the AChR extraction procedure [2]. In addition, autoantibodies
against the muscle-specific receptor tyrosine kinase, MuSK, might be involved, but testing
them is limited and no established reference range is available in dogs [4].

After the MG occurrence, our dog was infected with Babesia gibsoni. Tick paralysis
is incriminated as differential in acute flaccid tetraparesis in dogs [29,30]. However, in
Europe, the tick vector has not been described; such cases are most common in the USA
and Australia [30], but are sporadically reported in other geographical spaces, including
in humans [31]. Some authors reported the occurrence of a tick paralysis-like disease in
a few cases in Europe, but the clinical course differs and the etiological vector was never
proven. Moreover, the symptomatology of tick paralysis is compatible with the generalized or
fulminant form of MG, but no episodes of remission are observed, as in the dog we examined.
Ticks may act as vectors for some bacterial diseases (e.g., borreliosis). Lyme disease is a tick
vectorial disease that may cause neurological signs [32]. According to a study performed
in a large number of dogs, the most common clinical signs in dogs with Lyme disease are
lameness, neurological signs, nephropathy, lethargy, anorexia, and fever, with a history of
tick infestation [33]. In the dog we examined, the tick infestation was indirectly documented
by the blood smear examination. However, no other clinical signs except weakness were
reported in the history, and the serum Borrelia IgG and IgM were negative.

Acquired MG may be associated with hypothyroidism and hypoadrenocorticism, but
has also been reported as a paraneoplastic syndrome associated with thymoma, osteosar-
coma, and cutaneous lymphoma [2] and trombocitopenia [34]. In the dog we examined, all
the clinical and paraclinical exams performed upon presentation to our service excluded the
above-mentioned potential associated conditions. In some dogs, the presence of Babesia may
induce the occurrence of some autoimmune conditions, such as autoimmune hemolytic
anemia [35]. Interestingly, evidence supports the statement that once the anti-parasitical
medication is started, there is no need for immunosuppression to treat hemolytic ane-
mia [35]. In our dog, the babesiosis was diagnosed two weeks after the occurrence of
clinical signs suggestive of focal MG. We suspect that the infection with Babesia occurred
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immediately after the quarantine period, once the regular outdoor physical activity was
reinitiated. After the anti-parasitical treatment was applied, no signs of hemolytic anemia
were found on multiple CBC and cytological examinations of the blood smears. Despite
the favorable response to anti-cholinesterasic therapy, MG is generally associated with a
reserved prognosis. Aspiration pneumonia and respiratory failure remain frequent causes
of death from MG in both dogs and cats [1]. Specific care is needed to prevent aspiration
pneumonia, especially in patients with resistant megaesophagus (elevation of water and
food bowls). Regular thoracic X-rays, CBC, and cCRP are recommended for monitoring
such patients and to adapt the therapeutical approach [36,37].

4. Conclusions

Here, we described a dog with seronegative MG and concomitant SARS-CoV-2 infec-
tion due to close exposure to an infected owner. Our data contribute to the limited number
of reports which document the viral passage from owners to pets and underline the role
of serological screening for specific anti-SARS-CoV-2 antibodies as an indirect marker of
infection, especially when viral detection fails in PCR tests. Although circulating AChR an-
tibodies were not detected in the dog we examined, we cannot rule out that the virus might
act as a trigger in developing autoimmune conditions such as MG through alternative
mechanisms, analogously to what is described in humans. The combined pyridostigmine
and prednisolone therapy offered an effective clinical response despite its limited effect on
the megaesophagus.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/vetsci9070318 /s1, Figure S1: IgG and IgM results for Borrelia.
Figure S2: AChR antibodies titer. Videos S1-5S3: Clinical examination before neostigmine clinical
challenge. Video S4: Clinical examination after neostigmine clinical challenge.

Author Contributions: Conceptualization, M.M., A.D., D.-G.B. and G.S.; methodology, M.M.; inves-
tigation, M.M., R.S., R.L.,, RA.B., LD.H. and LI, writing—original draft preparation, M.M., G.S.
and L.I; writing—review and editing, M.M. and G.S.; supervision, M.M. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study reports non-experimental clinical veterinary
practice and therefore it does not fall within Directive 63/2010 of the European Parliament and
of the Council on the protection of animals used for scientific purposes. The activities carried out
did not require official or institutional ethical approval as they were part of clinical and veterinary
diagnostics. The animal in this study was examined and treated with the consent of its owner and
handled according to good veterinary practices.

Informed Consent Statement: Written informed consent was obtained from the patient’s owner.
Data Availability Statement: All study data are presented in the article.

Acknowledgments: The authors are thankful to Elena Gavrilas (DVM) for the help offered in clinical
management of the case.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Mignan, T.; Targett, M.; Lowrie, M. Classification of Myasthenia Gravis and Congenital Myasthenic Syndromes in Dogs and Cats.
J. Vet. Intern. Med. 2020, 34, 1707-1717. [CrossRef] [PubMed]
2. Shelton, G.D. Myasthenia Gravis and Disorders of Neuromuscular Transmission. Vet. Clin. N. Am. Small Anim. Pract. 2002, 32,

189-206. [CrossRef]

3. Stanciu, G.D,; Solcan, G. Acute Idiopathic Polyradiculoneuritis Concurrent with Acquired Myasthenia Gravis in a West Highland
White Terrier Dog. BMC Vet. Res. 2016, 12, 111. [CrossRef] [PubMed]

4. Shelton, G.D. Routine and Specialized Laboratory Testing for the Diagnosis of Neuromuscular Diseases in Dogs and Cats. Vet.
Clin. Pathol. 2010, 39, 278-295. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/vetsci9070318/s1
https://www.mdpi.com/article/10.3390/vetsci9070318/s1
http://doi.org/10.1111/jvim.15855
http://www.ncbi.nlm.nih.gov/pubmed/32668077
http://doi.org/10.1016/S0195-5616(03)00085-8
http://doi.org/10.1186/s12917-016-0729-1
http://www.ncbi.nlm.nih.gov/pubmed/27301259
http://doi.org/10.1111/j.1939-165X.2010.00244.x
http://www.ncbi.nlm.nih.gov/pubmed/20726955

Vet. Sci. 2022, 9, 318 90f 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Cavalcante, P.; Bernasconi, P.; Mantegazza, R. Autoimmune Mechanisms in Myasthenia Gravis. Curr. Opin. Neurol. 2012, 25,
621-629. [CrossRef]

Hung, W.-L.; Lin, Y.-H.; Wang, P.-Y.; Chang, M.-H. HIV-Associated Myasthenia Gravis and Impacts of HAART: One Case Report
and a Brief Review. Clin. Neurol. Neurosurg. 2011, 113, 672—-674. [CrossRef]

Csuka, D.; Banati, M.; Rozsa, C.; Fiist, G.; Illes, Z. High Anti-EBNA-1 IgG Levels Are Associated with Early-Onset Myasthenia
Gravis. Eur. J. Neurol. 2012, 19, 842-846. [CrossRef]

Cavalcante, P; Maggi, L.; Colleoni, L.; Caldara, R.; Motta, T.; Giardina, C.; Antozzi, C.; Berrih-Aknin, S.; Bernasconi, P;
Mantegazza, R. Inflammation and Epstein-Barr Virus Infection Are Common Features of Myasthenia Gravis Thymus: Possible
Roles in Pathogenesis. Autoimmun. Dis. 2011, 2011, 213092. [CrossRef]

Forgash, ].T.; Chang, Y.-M.; Mittelman, N.S.; Petesch, S.; Benedicenti, L.; Galban, E.; Hammond, ].J.; Glass, E.N.; Barker, ].R,;
Shelton, G.D.; et al. Clinical Features and Outcome of Acquired Myasthenia Gravis in 94 Dogs. ]. Vet. Intern. Med. 2021, 35,
2315-2326. [CrossRef]

Brown, S.; Atkins, C.; Bagley, R.; Carr, A.; Cowgill, L.; Davidson, M.; Egner, B.; Elliott, J.; Henik, R.; Labato, M.; et al. Guidelines
for the Identification, Evaluation, and Management of Systemic Hypertension in Dogs and Cats. J. Vet. Intern. Med. 2007, 21,
542-558. [CrossRef]

Gunther, M.; Jaffey, J.A.; Evans, ].; Paige, C. Case Report: Persistent Moderate-to-Severe Creatine Kinase Enzyme Activity
Elevation in a Subclinical Dog. Front. Vet. Sci. 2021, 8, 1245. [CrossRef] [PubMed]

Furlanello, T.; Simonato, G.; Caldin, M.; De Lorenzi, D.; Lubas, G.; Bernardini, D.; Solano-Gallego, L. Validation of an Automated
Spectrophotometric Assay for the Determination of Cholinesterase Activity in Canine Serum. Vet. Res. Commun. 2006, 30, 723-733.
[CrossRef] [PubMed]

Sit, TH.C.; Brackman, C.J.; Ip, SM.; Tam, KW.S,; Law, PY.T,; To, EM.W.; Yu, V.Y.T,; Sims, L.D.; Tsang, D.N.C.; Chu, D.K.W,; et al.
Infection of Dogs with SARS-CoV-2. Nature 2020, 586, 776-778. [CrossRef] [PubMed]

Salajegheh Tazerji, S.; Magalhaes Duarte, P.; Rahimi, P.; Shahabinejad, F; Dhakal, S.; Singh Malik, Y.; Shehata, A.A.; Lama, J.; Klein,
J.; Safdar, M.; et al. Transmission of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) to Animals: An Updated
Review. J. Transl. Med. 2020, 18, 358. [CrossRef]

Lee, D.-H.; Helal, Z.H.; Kim, J.; Hunt, A.; Barbieri, A.; Tocco, N.; Frasca, S.; Kerr, K.; Hyeon, ].-Y.; Chung, D.H.; et al. Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) in a Dog in Connecticut in February 2021. Viruses 2021, 13, 2141. [CrossRef]
Shi, J.; Wen, Z.; Zhong, G.; Yang, H.; Wang, C.; Huang, B.; Liu, R.; He, X,; Shuai, L.; Sun, Z.; et al. Susceptibility of Ferrets, Cats,
Dogs, and Other Domesticated Animals to SARS—Coronavirus 2. Science 2020, 368, 1016-1020. [CrossRef]

Decaro, N.; Vaccari, G.; Lorusso, A.; Lorusso, E.; De Sabato, L.; Patterson, E.I.; Di Bartolo, I.; Hughes, G.L.; Teodori, L.; Desario, C.;
et al. Possible Human-to-Dog Transmission of SARS-CoV-2, Italy, 2020. Emerg. Infect. Dis. 2021, 27, 1981-1984. [CrossRef]
Bosco-Lauth, A.M.; Hartwig, A.E.; Porter, S.M.; Gordy, PW.; Nehring, M.; Byas, A.D.; VandeWoude, S.; Ragan, I.K.; Maison, R.M.;
Bowen, R.A. Experimental Infection of Domestic Dogs and Cats with SARS-CoV-2: Pathogenesis, Transmission, and Response to
Reexposure in Cats. Proc. Natl. Acad. Sci. USA 2020, 117, 26382-26388. [CrossRef]

Medkour, H.; Catheland, S.; Boucraut-Baralon, C.; Laidoudi, Y.; Sereme, Y.; Pingret, J.; Million, M.; Houhamdi, L.; Levasseur, A.;
Cabassu, J.; et al. First Evidence of Human-to-dog Transmission of SARS-CoV-2 B.1.160 Variant in France. Transbound. Emerg. Dis.
2021, 1-8. [CrossRef]

Grobben, M.; van der Straten, K.; Brouwer, PJ.; Brinkkemper, M.; Maisonnasse, P.; Dereuddre-Bosquet, N.; Appelman, B.; Lavell,
A.A; van Vught, L.A ; Burger, ].A.; et al. Cross-Reactive Antibodies after SARS-CoV-2 Infection and Vaccination. eLife 2021, 10, €70330.
[CrossRef]

Cridge, H.; Little, A.; José-Lopez, R.; Pancotto, T.; Michaels, ].R.; Menchetti, M.; Sufiol, A.; Lipsitz, D.; Beasley, M.]. The Clinical
Utility of Neostigmine Administration in the Diagnosis of Acquired Myasthenia Gravis. J. Vet. Emerg. Crit. Care 2021, 31, 647-655.
[CrossRef] [PubMed]

Sriwastava, S.; Tandon, M.; Kataria, S.; Daimee, M.; Sultan, S. New Onset of Ocular Myasthenia Gravis in a Patient with COVID-19:
A Novel Case Report and Literature Review. . Neurol. 2021, 268, 2690-2696. [CrossRef] [PubMed]

Karimi, N.; Okhovat, A.A.; Ziaadini, B.; Haghi Ashtiani, B.; Nafissi, S.; Fatehi, F. Myasthenia Gravis Associated with Novel
Coronavirus 2019 Infection: A Report of Three Cases. Clin. Neurol. Neurosurg. 2021, 208, 106834. [CrossRef]

Watad, A.; De Marco, G.; Mahajna, H.; Druyan, A.; Eltity, M.; Hijazi, N.; Haddad, A.; Elias, M.; Zisman, D.; Naffaa, M.E,;
et al. Inmune-Mediated Disease Flares or New-Onset Disease in 27 Subjects Following MRNA /DNA SARS-CoV-2 Vaccination.
Vaccines 2021, 9, 435. [CrossRef] [PubMed]

Huber, M.; Rogozinski, S.; Puppe, W.; Framme, C.; Hoglinger, G.; Hufendiek, K.; Wegner, F. Postinfectious Onset of Myasthenia
Gravis in a COVID-19 Patient. Front. Neurol. 2020, 11, 576153. [CrossRef] [PubMed]

Chavez, A.; Pougnier, C. A Case of COVID-19 Vaccine Associated New Diagnosis Myasthenia Gravis. J. Prim. Care Community
Health 2021, 12, 21501327211051932. [CrossRef]

Paliwal, VK,; Garg, RK,; Gupta, A.; Tejan, N. Neuromuscular Presentations in Patients with COVID-19. Neurol. Sci. Off. J. Ital.
Neurol. Soc. Ital. Soc. Clin. Neurophysiol. 2020, 41, 3039-3056. [CrossRef]

Mobasheri, L.; Nasirpour, M.H.; Masoumi, E.; Azarnaminy, A.F; Jafari, M.; Esmaeili, S.-A. SARS-CoV-2 Triggering Autoimmune
Diseases. Cytokine 2022, 154, 155873. [CrossRef]


http://doi.org/10.1097/WCO.0b013e328357a829
http://doi.org/10.1016/j.clineuro.2011.03.019
http://doi.org/10.1111/j.1468-1331.2011.03636.x
http://doi.org/10.4061/2011/213092
http://doi.org/10.1111/jvim.16223
http://doi.org/10.1111/j.1939-1676.2007.tb03005.x
http://doi.org/10.3389/fvets.2021.757294
http://www.ncbi.nlm.nih.gov/pubmed/34760961
http://doi.org/10.1007/s11259-006-3354-9
http://www.ncbi.nlm.nih.gov/pubmed/17004037
http://doi.org/10.1038/s41586-020-2334-5
http://www.ncbi.nlm.nih.gov/pubmed/32408337
http://doi.org/10.1186/s12967-020-02534-2
http://doi.org/10.3390/v13112141
http://doi.org/10.1126/science.abb7015
http://doi.org/10.3201/eid2707.204959
http://doi.org/10.1073/pnas.2013102117
http://doi.org/10.1111/tbed.14359
http://doi.org/10.7554/eLife.70330
http://doi.org/10.1111/vec.13097
http://www.ncbi.nlm.nih.gov/pubmed/34324776
http://doi.org/10.1007/s00415-020-10263-1
http://www.ncbi.nlm.nih.gov/pubmed/33047223
http://doi.org/10.1016/j.clineuro.2021.106834
http://doi.org/10.3390/vaccines9050435
http://www.ncbi.nlm.nih.gov/pubmed/33946748
http://doi.org/10.3389/fneur.2020.576153
http://www.ncbi.nlm.nih.gov/pubmed/33123081
http://doi.org/10.1177/21501327211051933
http://doi.org/10.1007/s10072-020-04708-8
http://doi.org/10.1016/j.cyto.2022.155873

Vet. Sci. 2022, 9, 318 10 of 10

29.

30.

31.

32.

33.

34.

35.

36.

37.

Guernier, V,; Milinovich, G.J.; Bezerra Santos, M.A.; Haworth, M.; Coleman, G.; Soares Magalhaes, R.J. Use of Big Data in
the Surveillance of Veterinary Diseases: Early Detection of Tick Paralysis in Companion Animals. Parasit. Vectors 2016, 9, 303.
[CrossRef]

Malik, R.; Farrow, B.R. Tick Paralysis in North America and Australia. Vet. Clin. N. Am. Small Anim. Pract. 1991, 21, 157-171.
[CrossRef]

Mosabah, A.A.A.E.; Morsy, T.A. Tick Paralysis: First Zoonosis Record in Egypt. J. EQypt. Soc. Parasitol. 2012, 42, 71-78. [CrossRef]
[PubMed]

Littman, M.P,; Gerber, B.; Goldstein, R.E.; Labato, M.A.; Lappin, M.R.; Moore, G.E. ACVIM Consensus Update on Lyme Borreliosis
in Dogs and Cats. J. Vet. Intern. Med. 2018, 32, 887-903. [CrossRef] [PubMed]

Speck, S.; Reiner, B.; Streich, W.J.; Reusch, C.; Wittenbrink, M.M. Canine Borreliosis: A Laboratory Diagnostic Trial. Vet. Microbiol.
2007, 120, 132-141. [CrossRef] [PubMed]

Shelton, G.D. Myasthenia Gravis: Lessons from the Past 10 Years. J. Small Anim. Pract. 1998, 39, 368-372. [CrossRef]

Garden, O.A.; Kidd, L.; Mexas, A.M.; Chang, Y.-M.; Jeffery, U.; Blois, S.L.; Fogle, ].E.; MacNeill, A.L.; Lubas, G.; Birkenheuer, A;
et al. ACVIM Consensus Statement on the Diagnosis of Immune-Mediated Hemolytic Anemia in Dogs and Cats. |. Vet. Intern.
Med. 2019, 33, 313-334. [CrossRef]

Viitanen, S.J.; Lappalainen, A.K.; Christensen, M.B.; Sankari, S.; Rajaméaki, M.M. The Utility of Acute-Phase Proteins in the
Assessment of Treatment Response in Dogs With Bacterial Pneumonia. J. Vet. Intern. Med. 2017, 31, 124-133. [CrossRef]
Canonne, A.M.; Menard, M.; Maurey, C.; Benchrekroun, G.; Fernandes Rodrigues, N.; Billen, F.; Clercx, C. Comparison of
C-Reactive Protein Concentrations in Dogs with Bordetella Bronchiseptica Infection and Aspiration Bronchopneumonia. J. Vet.
Intern. Med. 2021, 35, 1519-1524. [CrossRef]


http://doi.org/10.1186/s13071-016-1590-6
http://doi.org/10.1016/S0195-5616(91)50016-4
http://doi.org/10.12816/0006296
http://www.ncbi.nlm.nih.gov/pubmed/22662597
http://doi.org/10.1111/jvim.15085
http://www.ncbi.nlm.nih.gov/pubmed/29566442
http://doi.org/10.1016/j.vetmic.2006.10.017
http://www.ncbi.nlm.nih.gov/pubmed/17101241
http://doi.org/10.1111/j.1748-5827.1998.tb03734.x
http://doi.org/10.1111/jvim.15441
http://doi.org/10.1111/jvim.14631
http://doi.org/10.1111/jvim.16091

	Introduction 
	Case Description 
	Discussion 
	Conclusions 
	References

