Myocarditis in SARS-CoV-2 negative patients with
suspected preceding infection
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SUMMARY

SARS-CoV-2 is primarily a respiratory disease; however,
there have been multiple reports of associated
myocarditis. In our 463 bedded, district general hospital,
we noted an influx of young patients with myocarditis
shortly after the peak of the outbreak. We report two
cases presenting with myocarditis, both of whom tested
negative for the virus despite clinical and biochemical
evidence of recent infection. Diagnosis was made

based on positive transthoracic echocardiogram (TTE)
findings and a raised troponin, not in the context of
suspected acute coronary syndrome. We recommend that
patients with negative coronavirus tests should still be
considered at risk of potential sequelae from the disease.
There should be a low threshold for performing basic
cardiac investigations: ECG, troponin and TTE as well as
seeking a cardiology opinion. Colchicine is a recognised
treatment for viral pericarditis and should be considered
as adjunctive treatment; however, further research is
required specific to SARS-CoV-2.

BACKGROUND

At the time of writing, SARS-CoV-2 had been
confirmed in 6799713 cases and caused 397388
deaths across the globe.! The primary pathology is
respiratory in nature, with common features including
cough, dyspnoea and fever. Unfortunately, the virus
may present in many more varied ways, including
diarrhoea, headache, myalgia or even incidentally
in asymptomatic patients.”> In addition, there have
been multiple reports of fulminant myocarditis as
the cause of presentation in those infected with the
virus."® These case reports describe myocarditis
concurrent with SARS-CoV-2. We present a case
series of two patients, both requiring intensive care
involvement due to severe cardiac manifestation of
COVID-19. Both of these patients were clinically
suspected of having contracted COVID-19 prior
to attendance to the hospital, but by the time of
presentation tested negative. Both patients were
found to have raised troponin and reduced contrac-
tility on echocardiogram (ECHO), in keeping with
myocarditis. Management was largely supportive
with the addition of colchicine and both survived
to discharge home. At this time of high prevalence
of SARS-CoV-2, we recommend low thresholds for
early cardiac investigations in those presenting to
hospital with any unexplained cardio-respiratory
symptoms, especially in those with a history of prior
symptoms in keeping with the virus or exposure to it.

CASE PRESENTATION 1
A 30-year-old man of Indian origin who was a
fit and well mechanic, with no medical history,

presented to the emergency department (ED) with
a 7-day history of feeling generally unwell, associ-
ated with bilateral flank pain. He had initially seen
his general practitioner 4 days prior, with the same
symptoms, and was started on co-amoxiclav. On
examination, he was feverish at 38.1°C, tachycar-
diac at 132 beats per minute (BPM), normoten-
sive (119/86) and saturating 92% on room air. His
chest was clear; however, he had a soft but tender
abdomen, localised over the right lower quadrant.

INVESTIGATIONS

His initial bloods revealed a raised C reactive
protein CRP (168 mg/L), lymphopenia (0.4 x 10°/L),
but a total white cell count (WCC) within normal
range and thrombocytopenia (73x10°/L). A non-
contrast, CT urogram was performed, and while it
did not identify any renal pathology, lymphadenop-
athy in the right iliac fossa was noted.

DIFFERENTIAL DIAGNOSIS

He was admitted under the surgical team for a
suspected appendicitis. A repeat CT abdomen
was performed with contrast and demonstrated
persisting enlarged lymph nodes measuring up to
18 mm in the right iliac fossa and mildly enlarged
para-aortal retroperitoneal lymph nodes. In addi-
tion, there was a widened and fluid-filled caecum
with slightly thickened ascending colon bowel wall
and unclear inflammatory changes in the right iliac
fossa.

TREATMENT

While awaiting surgery, he developed respiratory
symptoms, initially becoming tachypnoeic and
requiring nasal cannula oxygen before rapidly
deteriorating until he required continuous positive
airway pressure (CPAP) of 8 cm H,O and a frac-
tional inspired oxygen (FiO,) of 40%. On exam-
ination, he was mildly drowsy, but rousable, and
had developed bilateral basal crackles, a raised
jugular venous pulse, peripheral oedema and was
profoundly hypotensive (78/45). He was screened
for SARS-CoV-2, as well as having a CT pulmonary
angiogram (CTPA) to exclude a pulmonary embo-
lism (PE). The CTPA was reported negative for a
PE and showed no signs of interstitial lung disease.
A COVID-19 blood panel returned the following
results: troponin 1002.5 ng/L, ferritin >1500ug/L,
procalcitonin (PCT) 76.65 ng/mL, CRP 258 mg/L,
D-dimer 417 ng/mL, WCC 16x10°/L, lymphocyte
count 0.7x10°/L. He was therefore treated as a
suspected SARS-CoV-2 infection. A viral swab was
sent to confirm the diagnosis; however, it returned
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Figure 1  ECG from case 1 at the time of developing symptoms of
heart failure. Demonstrates sinus tachycardia with T-wave inversion in
leads I, V5 and V6.

negative. His ECGs showed sinus tachycardia with T-wave inver-
sion in the lateral leads (figure 1). Due to increasing respiratory
support and signs of acute heart failure, he was transferred to
intensive care.

A bedside ECHO identified a non-dilated LV with septal
dyskinesia and hypokinesia of the remaining walls. The right
ventricle was also reported as dilated with impaired function,
while the valves were structurally normal. A review by the cardi-
ology team concluded that the troponin rise was likely secondary
to a COVID-19 myocarditis rather than a thrombotic event. He
was therefore started on colchicine 500 ug twice daily (BD).

OUTCOME AND FOLLOW-UP

A second SARS-CoV-2 swab was sent and returned negative. All
urine, sputum and blood cultures returned without any growth.
Throughout his stay, the troponin levels gradually normalised,
returning to 92.8 ng/L at the time of discharge. He was stepped
down from intensive care after 5 days and then discharged home
7 days later. No repeat ECHO was carried out while an inpa-
tient, however, a follow-up outpatient ECHO was reported as
showing an ejection fraction (EF) of 55%, with an otherwise
normal heart.

CASE PRESENTATION 2

A 41-year-old man of Afro-Caribbean origin, who was previ-
ously fit and well, with no medical history, presented to the ED
with a 6-day history of generalised malaise. He also described a
central, sharp chest pain which did not radiate and which was
not brought on by exertion but was exacerbated by inspiration.
Other associated symptoms included an intermittent fever as
well as dizziness on exertion, although he denied any shortness
of breath. On examination, he appeared most comfortable in a
sitting position with a slight forward lean. He was pyrexical at
39.1°C, tachycardic at 122 BPM, hypotensive at 78/50mm Hg
but saturating 97% on room air. On auscultation, his chest was
clear with normal heart sounds and no evidence of a pericardial
rub.

INVESTIGATIONS

His initial ECG showed widespread S and T segment (ST) eleva-
tion (figure 2) associated with a significantly raised troponin I
(17161 ng/L). The remainder of his standard blood tests were
unremarkable except for a raised WCC (18.7x10°/L), CRP
(380mg/L) and creatinine (130 pmol/L). An extended panel
showed that his ferritin (521ug/L), lactate dehydrogenase (866
L.U/L) and D-dimer (3006 ng/mL) were all raised, while his PCT
was significantly raised (24.84 ng/mL). Despite this, his swab for
SARS-CoV-2 returned negative.
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Figure 2 ECG from case 2 at presentation shows ST elevation in leads
V1-V4 and high take-off in the lateral leads.

A baseline chest X-ray showed minor bilateral, patchy opaci-
fications and cardiomegaly. While a CT angiogram performed
demonstrated normal coronary arteries, it confirmed the pres-
ence of a globular, enlarged heart with pericardial thickening.
Furthermore, the CT reported dependent, bilateral ground
glass appearances and marked peri-hilar bronchiolar soft-tissue
thickening. An initial bedside ECHO performed in ED showed
an ejection fraction of approximately 20%-25% with global
hypokinesia. A repeat, formal transthoracic echocardiogram
(TTE) was carried out the next day (while on dobutamine) and
was reported as showing normal cavity size with mild hyper-
trophy and an EF of 40%. Otherwise there was normal valve
morphology and no evidence of a pericardial effusion.

DIFFERENTIAL DIAGNOSIS
The first diagnosis, considered based on the clinical symptoms
and associated ST changes on the ECG, was an acute ST-elevated
myocardial infarction. However, the ECGs were uploaded, and
the case discussed with the local percutaneous coronary inter-
vention centre who felt that the global ECHO dysfunction and
widespread ST changes were more in keeping with myocarditis.
The CT angiogram was performed to rule out aortic dissec-
tion. Acute infection with COVID-19 was also considered based
on the clinical history as well as the X-ray and CT findings of the
lungs; however, his respiratory requirement was minimal.

TREATMENT

Due to hypotension, he was transferred to the intensive care
unit (ICU) for cautious fluid resuscitation as well as norepineph-
rine and dobutamine therapy. He was commenced on antibiotic
therapy (based on the result of his PCT) as well as nasal optiflow,
40% FiO, 60 L/min. While in ICU, he was reviewed by the local
cardiology team who concluded that he was at low risk for acute
coronary syndrome and agreed with the referral centre that
a viral myocarditis secondary to a SARS-CoV-2 infection was
more likely. He was prescribed colchicine 500 ug BD as treat-
ment for the myocarditis.

OUTCOME AND FOLLOW-UP

During his stay in ICU, his chest pain improved and his repeat
ECGs did not show further evidence of ischaemic changes.
Serial troponins initially rose, up to 25592 ng/L on day 2 but
then continued to fall until, at the time of discharge, they
were 80ng/L. The three SARS-CoV-2 swabs carried out during
his admission all returned negative. Sputum, blood and urine
cultures failed to grow any infectious organisms, despite the
significantly raised PCT, so antibiotics were stopped. Over the 5
days in intensive care, his inotropic and respiratory support were
weaned off, at which point he was discharged to the cardiology
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ward. From there he was subsequently discharged home, a total
of 9 days after admission, to complete a total course of 4 weeks
of colchicine. A follow-up ECHO showed evidence of resolving
myocarditis with an ejection fraction of 65% while a cardiac MRI
was reported as showing normal biventricular function with no
evidence of pericardial effusions. However, it did conclude that
the high pericardial signal on T2-weighted imaging was sugges-
tive of recent or resolving pericarditis.

DISCUSSION

The WHO defines myocarditis as an ‘inflammatory disease of
the myocardium diagnosed by established histological, immu-
nological and immunohistochemical criteria’. For viral-induced
myocarditis, a positive PCR of a virus known to cause myocar-
ditis is required alongside the conformation of myocardial
inflammation. The disease is classically characterised by pleu-
ritic chest pain associated with exertional dyspnoea, fatigue
and, if severe, syncope from arrhythmias or cardiogenic shock.
ECG changes are non-specific and include ST changes while
biochemical markers, such as troponin, are normally raised and
echocardiography demonstrates regional or global hypokinesia
without evidence of structural abnormality. As well as occurring
independently, myocarditis can also co-exist with pericarditis
(known as myopericarditis) in which additional classical signs
of pericarditis are evident, including pericardial rub on auscul-
tation, widespread ST elevation or PR segment depression on
the ECG and pericardial effusion.” While the gold standard for
myocarditis diagnosis is with an endomyocardial biopsy (an
invasive procedure which involves cathetrisation of the heart via
an arterial line), this technique is a specialist procedure which is
not carried out in many district general hospitals and due to its
invasive nature is only recommended by the European Society
of Cardiology in specific circumstances.'? Instead, cardiac MRI,
a less invasive diagnostic technique, is often used and has been
shown to have good correlation with endomyocardial biopsy
in patients with an acute history, raised troponins and negative
coronary artery disease.'!

Earlier case studies describe similar diagnostic findings to
ours, with one important exception; their cases tested positive
for coronavirus.*® This is in contrast to the two we present,
both of whom tested negative and were otherwise young, fit
and well. Despite having features of COVID-19, both of these

patients tested negative for SARS-CoV-2 on two-to-three sepa-
rate occasions and not just from nasal swabs but also sputum
samples. It is here that we must acknowledge a limitation in
our case series; without positive coronavirus swabs, we cannot
state for certain that these cases were secondary to coronavirus.
However, based on symptoms prior to presentation and labo-
ratory tests (summarised in table 1), which conform to patterns
observed in patients with confirmed COVID-19, it was felt that,
in spite of a negative swab, these patients had been infected by
SARS-CoV-2, even if they were not actively infected at the time
of their hospital admission.

While one possible explanation for the negative swab results
is that no test is 100% accurate, and therefore, some false nega-
tives are to be expected. The samples taken from these patients
included both nasal swabs as well as sputum samples and were
tested using real-time (RT) PCR. According to a systemic review,
the sensitivity of RT PCR is between 71% and 98% while another
study identified that tests on sputum samples resulted in a test
sensitivity only inferior to that of broncho-alveolar leverage
(72% compared with 92%, respectively).12 13 As a result, it seems
unlikely that the reason that both of these cases returned multiple
negative swabs was due to the false negative rate of the test
itself. An alternative explanation for the negative SARS-CoV-2
swabs seen in our reported cases could be that they presented
with inflammatory sequelae of the infection, having cleared the
majority of the virus during a preceding, mild form, of the respi-
ratory illness. A study looking at the viral load in the oropharynx
over time in patients with confirmed COVID-19 identified that
just 33% of the patients followed had detectable viral loads
20 days after symptom onset. In fact, if patients were grouped
according to the severity of the symptoms displayed, only 23%
of those with mild symptoms had detectable viral loads 20 days
after symptom onset.'* It is therefore possible that these patients,
who likely had such a mild infection as to not require hospital-
isation, had already cleared the majority of the virus, resulting in
very small viral loads, below the detection level of the PCR test.
If these patients had been swabbed during their prior symptoms,
then it is possible that the virus may have been detected. Alterna-
tively, as the use of antibody testing becomes more widely avail-
able, it could have a role to play in the diagnosis of cases, such as
these, where throat swabs are negative but there is a high index
of suspicion of prior SARS-CoV-2 infection. A positive antibody

Table 1

Summary of the results of investigations carried out in case 1 and case 2 at time of presentation and on discharge

Patient 1

Patient 2

Investigations

On admission On discharge On admission On discharge

SARS-CoV-2 oropharynx swab  Negative Negative Negative Negative

Troponin | (ng/L) 1002.5 92.8 17161 80

PCT (ng/mL) 76.65 0.52 24.8 5.53

CRP (mg/L) 168 <5 380 64

Ferritin (ug/L) >15000 Not repeated 521 928

LDH (IU/L) 713 464 866 Not repeated

D-dimer (ng/mL) M7 380 3006 1871

Chest X-ray Perihilar congestion, globular heart  Not done Globular heart, effusion on left base  Not done

ECG findings T-wave inversion leads I, V5 and V6.  Normal sinus rhythm ~ Widespread ST changes Normal sinus rhythm

TTE findings Septal dyskinesia. EF 55% nil acute EF 20%-25% EF 65%, findings in keeping with resolving
Hypokinesia of remaining walls Global dyskinesia myocarditis

Other Not done Not done CT—Dbilateral ground glass MRI—normal biventricular function.

Increased pericardial T2-weighted signalling

CRP, C reactive protein; CT, computerised tomography; ECG, electroencephalogram; EF, ejection fraction; LDH, lactate dehydrogenase; MRI, magnetic resonance imaging; PCT, procalcitonin;

TTE, transthoracic echocardiogram.
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test in these situations could provide additional support for the
diagnosis. However, a clinical review into the use of antibody
testing in the diagnosis of COVID-19 highlights that while it
may have a role to play, there are some questions which must
be answered before its role can be validated."”® Of relevance to
our cases include; that the majority of testing carried out so far
has been on inpatients who are nasal swab positive, therefore, its
function in community COVID-19, where titres may be lower,
still remains to be seen. Also, an understanding of the time taken
for a rise in antibody levels, above that required to result in a
positive test, as well as the length of time antibodies remain in the
blood will be of paramount importance in determining when the
results of the test can be meaningfully interpreted.” As such, the
role of antibody testing in the diagnosis of COVID-19-induced
sequelae is promising, but further research is still required.

In both of the cases presented, an adjuvant dose of 500 ug of
colchicine BD was used for symptomatic control. The decision
to begin this treatment came following advice from the local
cardiology team who highlighted that while there is no evidence
of the benefit of colchicine in myocarditis, it is a recommended
adjunct in the treatment of pericarditis.'’ As a result, the treat-
ment was empirical during a time that the patients were too
unstable to have more definitive imaging carried out. While both
of the patients that received this regime survived to discharge,
it must be understood that owing to COVID-19 being such a
novel disease, the most effective treatment for both the infection
and its sequelae is still a matter for ongoing research. As such,
treatment of myocarditis secondary to COVID-19 from other
case studies has been varied and additional therapies including:
immunoglobulin, lopinavir/ritonavir, intravenous aspirin and
methylprednisolone, in addition to supportive therapies*®” have
all been reported. The use of corticosteroids is of particular
interest because, while the European Society of Guidelines do
not recommend their use for viral-induced pericarditis (due to
the risk of reactivation of viral infections associated with ongoing
inflammation), they have become the cornerstone of manage-
ment of respiratory COVID-19 since the publication of the
preliminary results of the RECOVERY trial were published.'® As
such, corticosteroids could play an important role in the treat-
ment of myopericarditis in patients presenting with a combined
COVID-19 respiratory illness.

A raised procalcitonin was noted in both cases, despite all
cultures returning negative for any bacterial growth. Procal-
citonin is a haematological test hailed as a specific marker of
bacterial infection, so much so that protocols for stopping and
starting antibiotics have been derived based on its concentration
in a patient’s serum. Like all other tests, the positive predic-
tive value of PCT is not 100%. There are a number of other
reported causes of hyperprocalcitonaemia, including fungal
infections, major trauma or burns, recent major surgery and
medullary thyroid carcinoma.'”'® While neither of the patients
we presented were ever found to have had any of these other
causes of a raised PCT, they did share varying degrees of cardio-
genic shock—which itself has been identified as a cause of a
raised PCT."” 2 Both cases required inotropic support and both
had TTEs showing global hypokinesia and had PCTs of 73 ng/
mL (case 1) and 24 ng/mL (case 2). While no compelling correla-
tions can be drawn from two cases, these findings warrant
further investigation as to whether a raised PCT in the absence
of demonstratable bacterial infection could be an indicator of
current or impending cardiogenic shock.

Due to the high prevalence of this condition, it must be
assumed that any patient presenting to hospital may have been
exposed to SARS-CoV-2. Furthermore, due to the unknown rate

of asymptomatic cases, we cannot rely on the absence of symp-
toms of COVID-19 19 to clinically rule out infection. Baring
these two points in mind diagnosis can be difficult, owing to the
overlap between the presenting symptoms of both COVID-19
infection, the sequelae of myocarditis and other respiratory and
non-respiratory conditions. Initial description of the clinical
features of the virus found that 12% of cases admitted to hospital
had some form of acute cardiac injury, with this proportion rising
to 31% if admitted to intensive care.” In addition, postmortem
biopsies of patients, whose primary cause of death was respi-
ratory manifestation of the disease, demonstrated myocardial
oedema, fibrosis and hypertrophy.?! As such, we recommend
having a low threshold for performing serial ECGs, troponins
and ECHOs on those presenting to hospital with unexplained
cardiorespiratory symptoms, especially in those with normal
lung imaging. If these demonstrate significant abnormalities,
then early cardiology opinion should be sought. While we used
colchicine in this cohort of patients, further research is required
prior to it being recommended.

Learning points

» SARS-CoV-2-related myocarditis should be considered as a
cause of cardiorespiratory distress in patients exposed to the
condition or known to have had it.

» Even in those not known to have been exposed to the virus,
given its prevalence and propensity to be asymptomatic, early
cardiac investigations should be performed in those with
unexplained cardiorespiratory symptoms.

» A negative SARS-CoV-2 PCR may not rule out the virus as the
cause of myocarditis.

» Treatment is largely supportive, early intensive care unit
involvement is recommended with cardiology follow-up.

» PCT may have a role in prognostication of viral-induced
myocarditis.
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