Received: 15 March 2022 Revised: 16 June 2022 Accepted: 25 June 2022

DOI: 10.1002/ccr3.6106

CASE REPORT

Clinical Case Reports e WILEY

Delayed COVID-19-induced cytokine storm after root
canal therapy with favorable response to plasmapheresis,
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1 | INTRODUCTION
The novel coronavirus disease 2019 (COVID-19) is
caused by severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), emerged in Wuhan, Hubei province,
China, in December 2019, and was declared a pandemic
by the World Health Organization in March 2020."*
COVID-19 causes a broad range of clinical features,
from asymptomatic infection to symptoms including fever,
fatigue, cough, myalgia, headache, nausea, and diarrhea,
to severe forms of disease such as septic shock and acute
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COVID-19 showed different characteristics, and many cases showed clinical
manifestations that could not be attributed to other conditions. We present a
22-year-old woman who had an uneventful recovery from COVID-19, and after
that, she developed a cytokine storm and a worsening clinical condition 2days
after dental root canal therapy.

cytokine release syndrome, methylprednisolone, plasmapheresis, root canal therapy,

respiratory distress syndrome (ARDS).>* ARDS-induced
respiratory failure is one of the significant reasons for
death in COVID-19, with an incidence of 67% among pa-
tients with severe illness.” ARDS is associated with an im-
balance of the inflammatory response known as cytokine
storm (CS).%’

CS is a life-threatening hyper-inflammatory condi-
tion that is characterized by excessive levels of circulat-
ing inflammatory cytokines containing tumor necrosis
factor-a (TNF-a), interleukin-6 (IL-6), and interleukin-10
(IL-10).%*' CS may lead to organ injury (e.g., acute

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2022 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd.

Clin Case Rep. 2022;10:¢06106.
https://doi.org/10.1002/ccr3.6106

wileyonlinelibrary.com/journal/ccr3 1of9


www.wileyonlinelibrary.com/journal/ccr3
https://orcid.org/0000-0002-5132-2494
https://orcid.org/0000-0002-9653-8459
https://orcid.org/0000-0002-5970-6249
https://orcid.org/0000-0002-5390-6653
mailto:﻿
https://orcid.org/0000-0002-8231-7815
mailto:mehrabis@sums.ac.ir
http://creativecommons.org/licenses/by-nc/4.0/

20 | WL Y~ Clnica CoseReports

AGHAEY MEIBODY ET AL.

Open Access,

cardiac injury (22%), kidney injury (8%), arrhythmias
(44%)), and even death.*'!?

Due to the critical course of patients with CS, effective
therapeutic approaches for COVID-19-induced CS are
urgently needed. Different approaches such as cytokine-
targeted therapies and extracorporeal cytokine removal
therapies have been considered potential strategies for
managing CS."*"*> However, their efficacy and safety still
need validation in further clinical investigations.

The present report describes a 22-year-old female with
delayed COVID-19 cytokine storm after root canal therapy
who experienced a dramatic clinical improvement after
combined use of plasmapheresis, tocilizumab, and meth-
ylprednisolone pulses.

2 | CASE PRESENTATION

A 22-year-old woman was hospitalized in the emergency
department of Shahid Sadoughi Hospital, Yazd, Iran, suf-
fering from COVID-19 symptoms progressively worsening
over the past 7days.

She was positive for SARS-CoV-2 on the reverse
transcription-polymerase chain reaction (RT-PCR) test
26days before admission. After receiving the COVID-19
therapeutic regimen, she got better, but 2days after root
canal therapy owing to irreversible pulpitis, her COVID-19

120

100

80

60

40

20

manifestations recurred. She had no history of other un-
derlying diseases.

On admission, her RT-PCR test was positive for SARS-
CoV-2. On examination, she had a fever of 38.3°C, blood
pressure of 122/82mmHg, and pulse of 85 beats per min-
ute. She was in mild respiratory distress with a respiratory
rate of 19 breaths per minute, and oxygen saturation was
92% on room air.

C-reactive protein (CRP) was 67.3mg/L, and erythro-
cyte sedimentation rate (ESR) was 94 mm/h. Information
about clinical and paraclinical data is shown in Figures 1-
4. Chest radiograph showed peripheral and lower opacities
in the right lung, Figure 5 (A). A chest computed tomog-
raphy (CT) scan on admission (Figure 6) showed alveolar
opacities and dense consolidations with air bronchogram
affecting the right upper and middle lobes, central alveo-
lar opacities in the left upper lobe, and mild bilateral pleu-
ral effusion.

Given that these findings suggest the superimposed
bacterial pneumonia process, she started empirical broad-
spectrum antimicrobial therapy. Complementary mi-
crobiological screenings were done on the fourth day of
admission, and all results were negative. The course of the
disease is shown in Table 1.

There was no clinical improvement by the seventh day
of admission when the chest X-ray, Figure 5B, showed
progression of lung involvement with bilateral peripheral
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FIGURE 2 X-axis shows the days and 120
y-axis results of the measured parameter
100
80
60
40
20
0
123 456 7 8 9101112131415161718192021222324
== Body temperature (Co)
== (02 saturation (%)
=== PU|se rate (PR) per minute
Respiratory rate (RR) per minute
== Partial pressure of oxygen (Pa02) (mm Hg)
FIGURE 3 X-axis shows the days and 40
y-axis results of the measured parameter
30
” \
-
R
- ]
0

123 4

alveolar opacities. She was evaluated for autoimmune
diseases, and antinuclear antibody tests were sent. At the
serologic examination, serum levels of antinuclear an-
tibodies (ANA), antineutrophil cytoplasmic antibodies
(ANCA), anti-Ro, anti-La, and anti-double-stranded DNA
(dsDNA) were all negative, and in the normal ranges.

56 7 8 91011121314151617 18 192021 22 23 24

e \\/hite cell count (1079

/L)
= Red blood cell (RBC) count (million/mm3)

Hemoglobin (g/dL)
Hematocrit (%)
e L ymphocyte count (10A3/mL)

Intravenous immunoglobulin (IVIG) therapy (500 mg/
kg/day) was started, but she remained febrile despite the
3dayS course of IVIG therapy. On the ninth day of ad-
mission, her chest X-ray, Figure 5C, showed a noticeable
progression of diffuse alveolar opacities with lower and
peripheral predominance.
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A diagnostic pleural tap was conducted. The pleural
fluid analysis was consistent with an exudative effusion
with the protein 1.5 (mg/dL), an LDH of 1432 (U/L), and
glucose of 143 (mg/dL). The pleural fluid differential
white cell count revealed 80% lymphocytes and 20% neu-
trophils, incompatible with the bacterial infection process.
No microorganism was found in the pleural fluid on cul-
ture and PCR. The cytologic analysis of pleural fluid was
negative for malignant cells.

Chart Title
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FIGURE 4 X-axis shows the days and y-axis results of the
measured parameter

On the same day, her laboratory results indicated de-
teriorating inflammatory markers (IL6 39.1 pg/mL, CRP
90mg/L.1, LDH 11151U, ferritin 459.6 pg/L, and ESR
77mm/h). RT-PCR test was positive for SARS-CoV-2 for
the second time. Her clinical picture indicated the possi-
bility of cytokine storm syndrome, not responding to her
recent treatment.

On Day 10 of admission, due to her critical condition
and poor response to the previous treatments, adminis-
tration of five sessions of combined inflammatory de-
pletion therapy, including tocilizumab (0.4 g, qd, iv) and
double filtration plasmapheresis (plasma volume was set
as 2 L, the substitution fluid was albumin solution, blood
flow rate 80-120ml/min, plasma flow rate on separator
30ml/min, and waste flow rate 3.0 ml/min) and cortico-
steroid pulses (250 mg of methylprednisolone for 5days)
were started for the patient. Six days later, after receiving
the fourth course of plasmapheresis, favorable improve-
ments in both laboratory and CXR findings were seen in
Figure 5 (D).

She remained on non-invasive ventilation until Day
21 of admission, after which her oxygen saturation level
rose to 96% on a non-rebreathing mask (oxygen flow of
10 L/minute). Her CXR showed resolution of pulmonary
opacities, so she transitioned to supplemental oxygen.
She was discharged after 24 days of hospitalization with a
recovered clinical condition on supplemental oxygen. At

FIGURE 5 Chest X-rays on Day 1
(A), Day 7 (B), Day 9 (C), and Day 21 (D)
of admission
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FIGURE 6 Evolution of pulmonary
infiltrates in non-contrast chest computed
tomography scan on Day 1 of admission

4weeksS follow-up, she was symptom-free, hemodynami-
cally stable, with oxygen saturation of 96% at rest in room
air.

3 | DISCUSSION

As far as we know, we reported the first case of COVID-19
with delayed presentation of CS after performing root
canal therapy. As noted, this is a rare case because of
the prolonged time between the beginning of COVID-19
symptoms and the occurrence of cytokine storm and ad-
ditionally relapsing the COVID-19-related symptoms after
performing root canal therapy. Our patient responded
dramatically to plasmapheresis, tocilizumab, and corti-
costeroid therapy.

CS is one of the leading causes of ARDS, leading to
higher mortality in severe types of COVID-19.'® The
pathogenesis of CS is still completely unclear. However,
some studies explained that Interleukin-6 (IL-6) plays
an essential role in the induction of CS by activating the
Janus Kinase and Signal Transducer and Activator of
Transcription (JAK/STAT) pathway, which causes the pro-
duction of acute-phase proteins as an essential factor of
inflammation.'”'® CS usually happens 8-10days after the
start of COVID-19 symptoms.' In our patient, the cyto-
kine storm occurred after the 25th day of the onset of the
COVID-19 symptoms. This could be because of the root
canal therapy performed 9 days before hospitalization.

Root canal therapy reduces the inflammation due to
the necrosis of dental pulp or irreversible pulpitis.**

Some studies recommend mixed irrigation methods, and
finding a proper non-mix method (material, instrument,)
should be observed to remove pathogens properly. Root
canal pathogens cause an increase in the TNF-a level,
an inflammatory cytokine. This could affect the apical
papilla stem cells to secrete pro-inflammatory cytokines
and matrix metalloproteinase to increase regeneration.*
Bacterial endodontic contents from primarily infected
root canals exhibited potent antigenic activity against
macrophage cells, leading to cytokine production deter-
mined by the secretion of IL-1p, TNF-«, IL-6, and IL-10,
with most of them interplaying a network role in the in-
flammatory process,” So the importance of dressing be-
tween appointments is highlighted in these cases.** ILS,
IL6, MMP9, and chemokines were also introduced as
pulpitis biomarkers.?® In cases of endodontic failure, per-
sisting microorganisms in the root canal, IL-17A, IL-1p,
TNF-a, and IFN-y could be increased.”® Not performing
proper endodontics protocol in filing and flaring, irriga-
tion and obscuration is a source of inflammation produc-
tion.”” Some of these inflammatory secretions are similar
to ones in cytokine storms. Hence, in the COVID-19 era,
this inflammation might be dangerous in the course of
the COVID-19 inflammation in the body. In endodontics,
calcium hydroxide-based, zinc oxide eugenol-based, and
mineral trioxide aggregate-based (MTA) filling materials
increased some interleukins in osteosarcoma cell lines,?
So even after successful endodontic treatment, probable
inflammation due to dental material might be happening.

Moreover, different bacteria in the root canal could
change the inflammatory secreted cytokines in addition to
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clinical manifestations.? As it was indicated that the oral
cavity's microbiomes might be changed due to COVID-19,
it should also be considered that proper irrigation meth-
ods that could affect different root canal pathogens are
necessary.>’ Tocilizumab is an IL-6 receptor blocker that
plays a vital role by binding to the membrane and soluble-
bound IL-6 (mIL-6R and sIL-6R) receptors and reduces
the inflammatory response induced by IL-6.>' Sahni &
Gupta hypothesized that elevated levels of cytokines in lo-
cally inflamed gingival tissue are associated with elevated
cytokine levels in the systemic circulation. The common
inflammatory response pathway is possibly associated
between periodontitis and COVID-19-related adverse
outcomes.*

The systemic inflammation in patients with COVID-19
and the aspiration of periodontopathogens during the root
canal therapy could synergize with the coronavirus or
modulate the immune response to COVID-19. Periodontal
pockets can serve as potential viral reservoirs, and peri-
odontitis or endodontic procedures could increase the
viral load.™

Potential strategies such as tocilizumab, corticoste-
roid, and IVIG therapy are considered to manage CS.
Tocilizumab reduces the IL-6 and CRP levels and im-
proves patients' respiratory parameters and clinical
conditions. The effectiveness of IVIG therapy for severe
forms of COVID-19 is not completely clear.’® Our case
experienced no significant improvement after IVIG
therapy, and she remained febrile, but the use of tocili-
zumab and corticosteroid therapy favorably influenced
her clinical course.

Plasmapheresis is also an effective potential therapeu-
tic approach for CS in COVID-19 patients. Hashemian
et al. expressed the effect of plasmapheresis in the re-
duction of IL-6 in COVID-19 patients from 8.3 +1.8 to
5.7 +1.3*

Our patient responded favorably to the treatment of
plasmapheresis and tocilizumab. Decreased levels of IL-6
from 39.1 to 1.36, reduced CRP levels, elevated oxygen
saturation, and normal body temperature were observed
after treatment.

4 | CONCLUSION

This article reported a delayed COVID-19-induced cy-
tokine storm after root canal therapy with a favorable
response to plasmapheresis, tocilizumab, and methyl-
prednisolone pulses therapy. The possible effect of den-
tal procedures on people with COVID-19 infection is still
unclear, and further investigations are needed. It would
be recommended for all medical doctors and dentists to
report COVID-19 cases after dental procedures.
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