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Abstract

Aim: To detect the type and frequency of oral lesions and clinical conditions
suggestive of saliva alterations in COVID-19 patients in an intensive care unit
(ICU), as well as to describe the patientts management in each case

Methods: Information about oral conditions and mechanical ventilation was
collected from oral medicine records of COVID-19 patients in an ICU (n = 519)
Results: From the total collected, 472 patients (90.9%) were examined by the
oral medicine staff. In 242/472 patients (51.3%), alterations in the oral cavity
were noted. The most frequent changes were mechanical trauma (18.1%, derived
mainly from intubation), vascular/coagulation disturbances (24.1%, petechiae,
bruises, varicoses, and oral bleeding), and saliva alterations (24.4%, dry mouth,
and sialorrhea). Infectious lesions were mentioned in the oral medicine records
(16.9%), most associated with a viral infection (15.7%), mainly herpesvirus.
Improved oral change protocols included oral hygiene, use of specific medica-
tions, and laser therapy

Conclusion: COVID-19 patients in the ICU often showed dryness in the oral and
mucosa oral lesions related to vascular/coagulation disturbances, and mechani-
cal trauma derived from orotracheal tube. An oral medicine staff must be aligned
with the ICU multidisciplinary team to manage COVID-19 patients, as well as to
establish diagnoses and oral cavity treatments.
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(ICUs). Particular signs and symptoms are associated
with severe COVID-19, mainly those involving epithe-

The novel coronavirus disease, described in 2019 (COVID-
19), has been characterized as a high-transmission
infection, which can assume different clinical severity.
COVID-19 has the potential to induce high morbidity
and long-term hospitalization in intensive care units

© 2022 Special Care Dentistry Association and Wiley Periodicals LLC

lial cell injury and intense systemic inflammation.'
Vascular disorders and immune system dysregulation
are varieties of COVID-19 that may be associated with
alterations of tissues and organs, including the oral
mucosa.
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Some clinical reports described the presence of lesions
in the oral mucosa, mainly in patients with severe COVID-
19.”-% However, these descriptions were restricted to very
few ICU patients, and the diagnoses and treatment proto-
cols were poorly addressed.

The aim of this retrospective study was to detect the
type and frequency of oral lesions and clinical conditions
suggestive of saliva alterations in COVID-19 patients in an
ICU, as well as to describe the patientts management in
each case.

2 | MATERIALS AND METHODS

The care of the patients throughout the study period
was conducted in accordance with the principles of the
Helsinki Declaration of 1975, as revised in 2000. The
methodology followed the STROBE guidelines for retro-
spective cohort studies.

2.1 | Study design and settings

This study is a retrospective cohort study involving the col-
lection of oral medicine records of patients enrolled in a
COVID-19 ICU. The study was conducted in the Hospi-
tal Israelita Albert Einstein (HIAE), Sao Paulo, Brazil. The
period of record collection was from May 2020 to February
2021. The follow-up reported in the oral medicine records
started on the first day of the oral cavity examination to the
ICU discharge.

2.2 | Eligibility of oral medicine records
Consecutive oral medicine records from patients diag-
nosed with COVID-19 in the ICU from May 2020 to Febru-
ary 2021, were selected with the following inclusion crite-
ria: both sexes, age > 18 years, and adequate information of
oral cavity conditions during ICU hospitalization. Exclu-
sion criteria were oral medicine records without adequate
information about sex, age, presence and type of mechan-
ical ventilation, and oral conditions or information about.
All the patients or their legal representatives were invited
to sign a written informed consent, authorizing the publi-
cation of clinical data.

2.3 | Data collection and variables

Data about clinical aspects of oral mucosa, presence and
type of lesions, presence of dryness in the oral mucosa,
tongue coating, drooling, dental health conditions, includ-

ing dental mobility, and presence of infectious foci were
recorded. The oral conditions were grouped in accordance
with the possible etiology: a) nonodontogenic infections-
when the clinical aspect of the lesions was suggestive
of fungal, viral, or bacterial origin with or without diag-
nostic exam but with a topical or systemic therapeutic
test with antifungal, antiviral, or antibiotics confirm-
ing the diagnosis hypothesis; b) vascular/coagulation
disturbances-presence of varicoses or description of spon-
taneous bleeding and petechias/bruises associated with
the use of anticoagulants; c) dental-associated lesions-any
change, such dental abscess, dental fracture, periodontal
disease among others that are associated with the teeth;
d) clinical conditions suggestive of saliva alterations and
presence of sputum-—saliva alterations were considered
when dryness in the lips and oral mucosa or drooling
(sialorrhea) were reported. Tongue coating was included
in this group because was frequently associated to salivary
flow reduction, and sputum present in the oral cavity was
also collected; d) mechanical trauma—inflammatory con-
ditions derived from the intubation process; €) unspecific
lesions—idiopathic lesions presented in the oral mucosa
without a possible etiology/diagnosis hypothesis.

Sex, age, presence and type of mechanical ventilation,
and diagnosis and treatment protocol for oral conditions
were also collected.

2.4 | Bias

The oral cavity examination was performed and reported
in the medical records by the same group of dentists, who
were previously calibrated for diagnosis and treatment of
oral changes in patients who were in the COVID-19 ICU.
If discrepancies were detected during the collection of the
data, the decision about the correct information was con-
firmed directly with the dentist responsible for the annota-
tion. The classification of the oral changes was performed
by the same researcher, which minimized possible bias
related to frequency of oral lesions in each group.

2.5 | Study size

The study size was based on Johnston et al., who cal-
culated the probability and the expected precision of
a categorical outcome in accordance with the sample
size. Based on these calculations, in a sample size of
n = 500, assuming a 50% probability of occurrence of
an oral change in COVID-19 ICU patients, it would be
expected that at least 250 patients would present some
oral alterations.” As the objective of the current study
was to describe the frequency of oral lesions and clinical
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TABLE 1 Frequency of sex and mechanical ventilation in COVID-19 patients enrolled in intensive care unit showing or not oral changes
Without oral changes With oral changes Total
N % N % N % p value?®
Sex
Male 166 72.2 156 64.5 322 68.2 478
Female 64 27.8 86 35.5 150 31.8 229
Total 230 100.0 242 100.0 472 100.0
Ventilation
Orotracheal intubation 228 99.1 196 81.0 424 89.8 149
Tracheostomy 2 0.9 22 9.1 24 51 .003
Nasal catheter 0 0.0 18 7.4 18 3.8 <.001
Environment ventilation 0 0.0 6 25 6 13 03
Total 230 100.0 242 100.0 472 100.0

p value for y2 test.

conditions suggestive of saliva alterations in patients with
severe COVID-19, the analysis of 250 patients would allow
a robust description. Therefore, the target sample size of
the current study was 500 medical records.

2.6 | Statistical analysis

The results are shown in absolute and relative (%) fre-
quencies. Comparisons between patients with or without
oral changes were performed by means of the y? test, cor-
rected by Bonferronits test. Significance level was set at
5%.

3 | RESULTS

3.1 | Patientts general characteristics
From May 2020 to February 2021, HIAE COVID-19 ICU
registered hospitalization of 519 patients. Information
about oral conditions was collected from 472/519 records
(90.94%). Forty seven patients were not included because
they had a short ICU stay (less than 2 days), or did not
need dental assistance so, there were no oral medicine
records. At oral examination, the majority of patients
were intubated (424/472, 89.8%); few patients received
tracheostomy (24/472, 5.1%) or nasal catheter (18/472,
3.8%) (Table 1). There were more male patients (322/472,
68.2%) than females (150/472, 31.8%). Ages ranged from 51
to 60, 61 to 70, and 71 to 80 (Figure 1A). The median time
of ICU hospitalization was 11 days (1-104 days range).
Oral changes were detected in 242/472 patients (51.3%)
(Figure 1B). In this group, frequency of patients from 71
to 80-, 81 to 90-, and 91 to 102-years-old was higher than
the group without oral changes, who had significant dif-

ferences in the 81-90 range (p = .001) (Figure 1A). Total
occurrences in the oral cavity were 332, with 77 patients
(77/242, 31.8%) showing two or three changes (Table 2).

3.2 | Frequency of oral lesions and saliva
alterations

The two most frequent oral lesions were derived
from mechanical trauma (60/332, or 18.1%), or vascu-
lar/coagulation disturbances (80/332, or 24.1%). Saliva
alterations were found in 81/332 (24.4%) (Table 2 and
Figure 1B).

Mechanical trauma was mainly comprised of ulcer-
ations, edema, and hematomas in the upper lips,
caused by orotracheal tube friction and compression
(Figure 2A). Vascular/coagulation disturbances included
petechiae/bruises, oral bleeding, varicoses, and edema not
associated with trauma (Table 2). Petechiae and bruises
were frequently found on the lateral border of the tongue,
in the soft palate (Figure 2B), and the buccal mucosa. All
the spontaneous oral bleeding occurrences were seen in
patients on high doses of anticoagulants. Varicoses were
found predominantly in the tongue’s ventral surface and
lateral border (Figure 2C), suggestive of microthrombi
formation in the microvessels of the oral mucosa. Some
cases of edema, largely those on the tongue, were linked
to medications and vascular disturbances from COVID-19.

Saliva alterations were related to clinical aspects of dry-
ness in the lip vermilion and the oral mucosa, and exces-
sive salivary flow (drooling) (Table 2), largely observed
in patients with tracheostomy. Tongue coating was asso-
ciated with salivary disturbances and COVID-19 systemic
conditions and medications. Sputum was observed in the
oral cavity and oropharynx, sometimes resulting in diffi-
cult crusts to remove.
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FIGURE 1
changes detected in COVID-19 patients

Nonodontogenic infections included fungal (suggestive
of candidiasis) and viral infections (Table 2 and Figures 2D
/ 2E). With 30 cases suggestive of viral infection, eleven
were confirmed by PCR analyses. The most common virus
types were Herpes simplex types 1 and 2, human her-
pesvirus seven, and Epstein-Barr virus. In samples of oral
lesions collected from three cases, SARS-CoV-2 was asso-
ciated with herpesviruses.

Unspecific lesions included erosion observed in the
attached gingiva (Figure 2F). In some localized regions, the
gingiva was atrophic and covered by a fibrinoid secretion;
at times, red points in the erosive region were observed,
suggestive of granulation tissue formation. The etiologic
factor of lesions has been clinically unclear.

Dental associated-lesions were less frequent (Table 2).
These mainly included dental abscess, caries foci, dental
fractures, periodontal disease with acute clinical signs, and
dental mobility from periodontal disease.

3.3 | Patient management

Table 3 shows general protocols adopted for each oral
change in COVID-19 patients. All patients, with or with-
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91-101

Age

Unespecific
erosion Non-
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(A) Age frequency in patients with or without oral changes in a COVID-19 intensive care unit. (B) Type and frequency of oral

out oral changes, underwent periodic oral hygiene with
antimicrobial solutions performed by dentists and nurses,
focused on the prevention of mechanical ventilator-
associated pneumonia. The treatment protocols listed in
the Table 3 were retrieved from the oral medicine records,
but its effectiveness was not confirmed in the current
study due to the lack of information about the treatment
follow-up.

For ulcerations derived from mechanical trauma, the
protocol included oral hygiene improvement, frequent
position changes of the endotracheal tube, installation
of tooth protector devices when appropriate, and photo-
biomodulation with low-level laser therapy as adjuvant
therapy for analgesia and tissue repair.

For situations of bleeding disturbances (petechiae /
hematoma or oral bleeding) management was restricted to
daily monitoring of the oral cavity, and alerting the medi-
cal staff about the condition. Oral bleeding demanded spe-
cific hemorrhage control by the dentist. Varicoses were
reported to the medical staff as a clinical sign of a hyper-
coagulatory condition.

With dryness in the lip vermillion, topical application
with vitamin E was indicated; for dryness in the oral
mucosa, artificial saliva or enzymatic oral solution were
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FIGURE 2

Clinical aspects of oral lesions in patients in a COVID-19 intensive care unit. (A) Traumatic ulceration derived from the

endotracheal tube friction in the upper lip mucosa. (B) Petechias and bruises in the soft palate. (C) Varicoses in the lateral border of the

tongue, suggestive of microthrombi formation. (D) Multiple ulcerations in the hard and soft palate suggestive of viral infection. (E)

Ulcerations in skin and lip vermillion and mucosa, suggestive of herpetic lesion. (F) Unspecific erosion with irregular borders in attached

gingiva without a clear etiological factor [Color figure can be viewed at wileyonlinelibrary.com]

prescribed. Tongue coating and sputum were controlled
with improved oral hygiene; participation of physiother-
apists for sputum removal was frequently cited in the
records. Drooling was treated with propantheline gel.

For herpesvirus infection, systemic valacyclovir or acy-
clovir were prescribed. Therapeutic tests with these antivi-
ral agents were done for patients who did not undergo the
PCR or serological analyses.

Patientts management with unspecific erosion in the
oral cavity included daily monitoring of the lesions,
and photobiomodulation as an adjuvant therapy for tis-
sue repair. With this management, partial remission was
frequently observed; however, in some cases, erosions
evolved into ulcerations suggestive of viral infection. For
these situations, a therapeutic test for viral infection, pre-
viously described, was then adopted. For dental-associated

lesions, management included removal of infectious foci,
dental contention, or dental avulsion.

4 | DISCUSSION

In this retrospective study, we found an expressive fre-
quency of oral lesions and clinical conditions suggestive
of saliva alterations in patients enrolled in an COVID-
19 ICU. This study is the first time that a large series
of COVID-19 cases, showing these situations, has been
reported. Another study showed oral lesions in symp-
tomatic patients,4 but few involved ICU patients. Similar
to our results, a high frequency of traumatic and infectious
ulcerations, and lesions associated with coagulation distur-
bances were found in the cited study.
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TABLE 2 Frequency of oral changes in the COVID-19 patients
(n = 242) enrolled in intensive care unit
Occurrences (n = 332) N %
Saliva alterations and presence 81 24.4
of sputum
Dryness - oral mucosa 33 9.9
Dryness - lips 20 6.0
Tongue coating 10 3.0
Sialorhea 1 33
Sputum 7 2.1
Vascular/coagulation 80 24.1
disturbances
Petechia/Hematoma 35 10.5
Oral bleeding 25 7.5
Varicose 8 2.4
Edema not associated to 12 3.6

mechanical trauma

Mechanical trauma 60 18.1
Non-odontogenic infection 56 16.9
Suggestive for candidiasis 18 5.4
Suggestive for viral infection 30 9.0
Confirmed viral infection 8 2.4
Unespecific lesion 35 10.5
Dental associated-lesions 20 6.0
Frequency of patients with N %
concomitant oral alterations
Only one alteration 165 68.2
Two alterations 69 28.5
Three alterations 8 33
Total 242 100.0

Most lesions in the current investigation were associated
with the intubation process and drug-related conditions,
related to anticoagulant prescriptions and corticosteroid-
induced immunosuppression. The intubation process
was responsible for all traumatic injuries. Besides topical
application of antimicrobial and laser therapy for wound
repair using previous validated protocols,® treatment for
these injuries also included frequent tube repositioning to
prevent further ulcerations. A multidisciplinary approach
involving dentists, physiotherapists, and nursing staff was
important for lesion repair and QoL maintenance.

The use of anticoagulants was associated with spon-
taneous bleeding, which was controlled by topical
application of hemostatic agents. Petechiae and bruises
were associated with anticoagulant drugs, and a possi-
ble SARS-CoV-2 role in the microvasculature of the oral
mucosa. Varicoses were also noted in the oral mucosa, sug-
gestive of microthrombi formation, in patients with a high
risk of thrombosis. A previous case series demonstrated
the dynamics of microthrombi formation in the tongue

of intubated COVID-19 patients; the authors related this
condition to the systemic inflammation of COVID-19.”

Oral lesions with suspicious viral infections were found
with relative high frequency in the current study. These
lesions required careful diagnosis and prompt treat-
ment with systemic antivirals. Photodynamic therapy was
applied as an adjuvant treatment.®® There is a hypothe-
sis in the literature of a possible interaction with SARS-
CoV-2 and herpesviruses, predisposing the replication of
latent herpesvirus.!”!! In addition, the lymphocytopenia
induced by SARS-CoV-2 has been associated with herpetic
lesions.!' High dose corticosteroids have been related to
viral infection in COVID-19 patients.'? Rapid diagnosis and
treatment of viral infection in the oral cavity is important
for COVID-19 patients. The herpesvirus reactivation can
predispose to viral pneumonia in patients on mechanical
ventilation, increasing morbidity from COVID-19, given
the days of mechanical ventilation and the risk of sepsis."
A routine oral examination must be done in ICU patients
with COVID-19, focusing on the diagnosis and treatment
of opportunistic oral infections.

High frequency of clinical conditions suggestive of
saliva alterations were noted in oral medicine records.
Dry mouth is a common alteration in ICU patients,
mainly with orotracheal intubation.'*"> This condition
was not necessarily derived from the SARS-CoV-2 action,
although the presence of a novel coronavirus in the
salivary glands was previously reported.’® Fluid changes
observed in COVID-19's systemic inflammation, zinc defi-
ciency, and drug prescriptions may be associated with
salivary flow reduction.'”'® Sialorrhea was in the ana-
lyzed records, primarily in patients with tracheostomy.
In these cases, rapid salivary flow control is mandatory
to prevent aspiration pneumonia'® and other complica-
tions, for example, improvement in SARS-CoV-2 trans-
mission risk due to the high SARS-CoV-2 load in the
saliva.’’ In addition, hypersalivation control with noninva-
sive therapies,’' such as topical application of propanthe-
line gel, may be more adequate for COVID-19 patients in
ICU.

Protocols for diagnosis and treatment of oral alterations
in COVID-19 patients in the current study were similar
to those adopted for other clinical situations in the ICU.
Some specific adaptations for the COVID-19 condition
were detected, such as an association of hydrogen peroxide
and chlorhexidine for tube cleanliness and oral hygiene.?
The patients who received this association were previously
selected for a clinical trial conducted in the same ICU,
focused in the efficacy analysis of antimicrobials solutions
for reduction of salivary SARS-CoV-2 load. This finding
suggests that control of SARS-CoV-2 and other infections
in the oral cavity were an important concern for ICU staff.
Another protocol adaptation was the need for frequent
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TABLE 3 General protocols for management of COVID-19 patients enrolled in intensive care unit and with oral lesions and other

manifestations
Changes in the oral cavity Management
Ulceration associated to mechanical trauma + Oral hygiene®

Tooth protector devices, if necessary
Frequent position change of the endotracheal tube
Photobiomodulation for analgesia and tissue repair”

Hemostatic techniques — compression, topical application of ice and tranexamic

Petechia/hematoma * Daily monitoring
* Report to medical staff
Oral bleeding .
acid
Varicose .

Non-traumatic edema

Dryness - lip vermillion

Dryness - oral mucosa

Tongue coating

Sialorrhea

Sputum removal

Oral candidiasis

Suggestive of viral infection

Confirmed viral infection

Unspecific erosion

Dental associated-lesions

Daily monitoring
Report to medical staff

Daily monitoring
Report to medical staff
Protector devices to avoid traumatic compression in other oral sites

Topical application with vitamin E was indicated; for dryness in the oral mucosa

For intubated patients, oral mucosa hydration with saline solution
For nonintubated patients, prescription of artificial saliva

Oral hygiene*

Oral hygiene®
Constant aspiration
Propantheline gel (10 mg, 3 times per day)

Oral hygiene®
Aspiration in conjunction with the physiotherapists

Topical application of nystatin (3 times per day)
Intravenous fluconazole (for cases with high risk of sepsis)

Therapeutic test with systemic acyclovir or valacyclovir
Photobiomodulation for analgesia and tissue repair”

Systemic valacyclovir (1000 mg, each 8, 12 or 24 h, via nasogastric tube; or

500 mg, each 8 h, orally) or acyclovir (750 mg, each 8 h, intravenous; or 200 mg,
each 5 h, via nasogastric tube)

Photobiomodulation for analgesia and tissue repair®

Antimicrobial photodynamic inactivation (topical application of 0.01%
methylene blue for 5 min followed by diode laser irradiation, 100 mW, 660 nm,
40's,4 1, 44.4 J/cm? per point)

Daily monitoring
Oral hygiene’
Photobiomodulation for tissue repair”

X-ray examinations at the bedside in the case of doubt about dental infectious
foci

Removal of infectious foci using manual dental instruments

For mild dental mobility, dental contention with resin or orthodontic wire
For strong dental mobility, dental avulsion

2Oral hygiene was performed with topical lavage only with 0.12% chlorhexidine solution or with this solution associated with 1% hydrogen peroxide. The efficacy
of hydrogen peroxide as an adjuvant antimicrobial agent for reducing oral contamination with bacteria and SARS-CoV-2 was been tested in a clinical trial research

during the analyzed period in the current study.

bPhotobiomodulation for analgesia was performed with diode laser, 100 mW, 0.09 cm? spot area, 660 nm and 808 nm simultaneously, 10 s, 1J for each wavelength,
11.1J/cm? for each wavelength, with a total of 22.2 J/cm? at each irradiation point. Photobiomodulation for tissue repair was done with diode laser, 100 mW, 0.09

cm? spot area, 660 nm, 10 s, 1J for each wavelength, 11.1J/cm? at each irradiation point.
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tube repositioning due to high frequency of traumatic
lesions, necessitating a multidisciplinary approach (phys-
iotherapists, nurses, and physicians). In addition, prone
positioning complicated or induced some oral changes,
such as dental mobility and secretion accumulation in
the oral cavity; constant oral and dental examination was
needed for prone patients. It is important to mention
that the effectiveness of these treatment protocols was not
addressed in the current study. Therefore, these therapies
must be adopted with caution and with a daily follow-up.

The current study contains major limitations. One of
them was the absence of information about the systemic
conditions of the patients, as well as of drug prescriptions.
Difficulties in the access of medical records did not allow
a reliable information collection of these variables, which
could clarify the interference of potential confounders in
the clinical outcomes, mainly in the diagnosis process of
oral lesions.

In conclusion, the most frequent oral lesions found
in COVID-19 patients enrolled in the ICU were asso-
ciated with vascular and coagulation disturbances fol-
lowed by lesions derived from mechanical trauma caused
by orotracheal tube. Nonodontogenic infections showed
lower frequency, and the majority was suggestive of
viral infection. Dryness in the oral mucosa and lips
was also frequently reported and sometimes accompa-
nied the oral lesions. Oral medicine staff are necessary
in the multidisciplinary team for the management of
COVID-19 patients to optimally establish diagnosis and
treatment.
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