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Long-Term Post-COVID-19 Associated Oral Inflammatory Sequelae

The oral cavity remains an underappreciated site for SARS-CoV-2 infection despite the myriad oral conditions observed in COVID-19 patients. Recently, replicating SARS-CoV-2 was found inside salivary epithelial cells resulting in inflammation
and atrophy of salivary glands. Saliva possesses healing properties crucial for maintaining the health of the oral mucosa. Specifically, salivary antimicrobial peptides, most notable, histatin-5 exclusively produced in salivary glands, plays a vital
role in innate immunity against colonizing microbial species. The demonstration of SARS-CoV-2 destruction of gland tissue where histatin-5 is produced strongly indicate that histatin-5 production is compromised due to COVID-19. Here we
present a case of a patient presenting with the patient and matched healthy subject for histatin-5 and key cytokines. Findings demonstrated significantly reduced histatin-5 levels in patient’s saliva and activation of the Th17 inflammatory pathway.
As histatin-5 exhibits potent activity against the opportunistic oral pathogen Candida albicans, we evaluated saliva potency against C. albicans ex vivo. Compared to control, patient saliva exhibited significantly reduced anti-candidal efficacy.
Although speculative, based on history and salivary analysis we hypothesize that salivary histatin-5 production may be compromised due to SARS-CoV-2 mediated salivary gland destruction. With the current lack of emphasis on implications of
COVID-19 on oral health, this report may provide lacking mechanistic insights that may lead to reassessment of risks for oral opportunistic infections and mucosal inflammatory processes in acutely-ill and recovered COVID-19 patients.
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Figure 3. A hypothetical mechanistic illustration of the impact of
COVID-19 on salivary glands and histatin production and secretion
into saliva potentially predisposing patients to opportunistic
infections and mucosal tissue inflammation. A schematic of a salivary
gland depicting: Enrichment of viral entry factors (receptors) and
replication of SARS-CoV-2 in gland serous acini and ducts; Resulting
lymphocytic sialadenitis, architectural distortion, ductal rupture and atrophy
of infected SG; Localization of histatin in the serous acinar and duct cells;
Release of histatin and inflammatory cytokines into saliva.

Subject. A 48-year-old healthy female contracted COVID-19 in January 2021. Two months post-recovery
from COVID-19, the patient developed “pins and needles” sensation of her fingertips and oral symptoms
including taste alterations with “mild” to “severe intense oral burning sensation (oral dysesthesia). The
tongue burning intensified and flared following administration of her first dose of the COVID-19 vaccine. In
June 2021, the patient presented to the Oral Medicine Clinic at the University of Maryland School of
Dentistry with continued oral symptoms of dysgeusia (altered taste sensation) and burning sensation
confined to her tongue dorsum and hard palatal mucosae. Extra- and intra- oral examinations did not reveal
any evidence of erythema, ulcerations or any findings that may explicate the persistent symptoms. At a
follow-up visit in September 2021, the patient continued to experience persistent low-grade tongue dorsum
burning although her altered taste returned to normal. Based on her clinical symptoms and history, she was
diagnosed with post-COVID-19 associated oral dysesthesia, with her taste alterations likely secondary to
inflammatory insult to the taste buds.

Clinical Samples. At each of the two visits to the clinic (3 months apart), unstimulated whole saliva samples
were collected for microbial culturing and salivary Hst-5 and salivary cytokine profiling. Samples were also
recovered from a healthy age and gender matched volunteer on two separate occasions. Saliva samples
were cultured on the fungal specific media CHROMagar for assessment of Candida oral colonization.

Measurement of histatin-5 salivary levels using ELISA. Clarified saliva was used to measure Hst-5
concentrations using an in-house developed ELISA and Hst-5-specific antibody. A standard curve was
performed with each assay using Hst-5 peptide concentrations ranging from 0.5-500μg/ml (Fig. 1). Wells of
96-well plates were coated with 100μl of each Hst-5 concentration or 1/100 dilution of saliva. Following
incubation at 4°C, wells were blocked with 0.1% dry milk in PBS and anti-Hst-5 antibody (1/1000) (100μl)
was added for 1 hr at 37°C. Following washing, HRP-labeled goat anti-rabbit secondary antibody (1/5000)
was added and following incubation and washing, 100μl of ABTS Peroxidase Substrate was added and
plates incubated until color develops. The reaction was stopped by the addition of 50μl of Stop Solution and
optical density (OD) was measured at 405 nm using a microtiter plate reader. A standard curve was plotted
with each run; samples were tested in triplicate on two separate occasions and the average Hst-5
concentration calculated in μg/ml.

Ex vivo candidacidal efficacy of saliva samples with predetermined Hst-5 concentration. The two
patient saliva samples and control subjects with predetermined Hst-5 concentrations were tested in vitro for
anti-candidal ability using cultures of the standard C. albicans SC5314 strain. For these assays, saliva
samples were filter-sterilized then added (100µl) to the wells of 96-well microtiter plates with C. albicans
cells to final cell density of 1x104 cells/ml. Cells in PBS or Hst-5 purified peptide (5 μg/ml and 20 μg/ml) were
included as negative and positive controls, respectively. Following 1hr incubation at 37ºC with shaking,
aliquots from reactions were diluted and plated on YPD agar and the number of colonies (CFUs; colony
forming units) was counted and percent cell killing calculated based on drop in CFU counts compared to the
control (PBS).

Profiling of saliva pro- and anti-inflammatory markers. Multiplex cytokine analysis was performed on all
saliva samples at the University of Maryland Cytokine Core using the Luminex Multianalyte System. Each
sample was measured in triplicate and results expressed in Pg/ml

The exact role of SARS-CoV-2 in the development
of symptomatic oral conditions remains unclear. In this study, the
Hst-5 levels in the patient’s samples were significantly lower
compared to the matched healthy control and importantly, the anti-
candidal potency for the patient’s saliva was also Although Candida
was not recovered from cultures of the patient saliva at the time of
sampling, our analysis indicates that future colonization with
Candida, would put the patient at risk of developing oral candidiasis.
Based on these preliminary findings from analysis of samples from a
recovered COVID-19 subject, we posit that the oral symptoms
experienced by the patient may have been mediated by lasting
effects of an over-activated immune response due to SARS-CoV-2
infection. In this project, we hypothesize that Hst-5 production and
secretion into saliva may be compromised in COVID-19 patients
due to SARS-CoV-2 mediated salivary gland destruction,
potentially predisposing patients to long term opportunistic
infections and mucosal inflammatory conditions, well after
clinical recovery (Figure 3).

CONCLUSIONRESULTS

We are currently conducting large-scale clinical studies using diverse
and stratified COVID-19 patient cohorts admitted at the University of
Maryland Medical Center to elucidate the connection between SARS-
CoV-2 infection and oral disorders, and the effect of the inflammatory
response on oral homeostasis. Additionally, given the important we
are performing metagenomic analyses on patient samples to
evaluate changes in the oral microbiome during COVID-19 disease,
and the role of oral microbiome dysbiosis in mediating inflammation.

ONGOING STUDIES

To date, little is known about the physiological mechanisms of oral manifestations in COVID-19
disease. The salivary glands were recently reported to be a potential target for SARS-CoV-2 infection due
to the demonstrated presence of replicating SARS-CoV-2 in salivary gland tissue resulting in atrophy,
fibrosis, and ductal rupture. These recent findings clearly establish the oral cavity as a robust site for
SARS-CoV-2 infection with potential long-term effects on the health of the oral mucosa. The homeostasis
of the oral cavity is maintained by saliva; specifically, salivary antimicrobial peptides play a vital role in
innate immunity as they constitute the first line of defense against microbial species. Histatin-5 (Hst-5) in
particular, is an antimicrobial and anti-inflammatory peptide exclusively produced in the salivary glands
crucial for maintaining the health of the oral mucosa particularly against the opportunistic fungal pathogen
Candida albicans. The recent demonstration of SARS-CoV-2 replication in salivary glands and destruction
of gland tissue strongly indicate that Hst-5 production and secretion could be compromised in COVID-19
patients, potentially predisposing patients to development of opportunistic infections or oral inflammatory
conditions. However, studies investigating the implications of COVID-19 on host salivary innate immune
factors and the mechanisms behind the reported oral manifestations have been lacking. Here we present
a case of long-term post-COVID-19 associated oral inflammatory sequelae in a patient presenting with
unexplained chronic oral symptoms following recovery from COVID-19. Analysis of prospective saliva
samples recovered from the patient revealed significant reduction in Hst-5 levels and compromised
salivary anti-candidal efficacy for the saliva with indication for activation of the Th17 inflammatory pathway.
This report may provide lacking mechanistic insights that may lead to reassessment of the risks for oral
opportunistic infections and inflammatory processes in acutely ill and recovered COVID-19 patients.

INTRODUCTION
Salivary histatin-5 analysis. All saliva samples
cultured (patient and control subject) were negative
for fungal growth indicating no commensal
colonization by Candida. For Hst-5 levels, based on
standard curve (Fig. 1), the average concentrations
(2 independent runs) for patient samples #1 and #2
(collected 3 months apart) were 1 µg/ml and 2.3
µg/ml, respectively. In contrast, Hst-5
concentrations for control subject samples #1 and
#2 (collected 3 months apart) were 21.3 and 19.6
µg/ml, respectively (Table 1). On average, the
patient’s Hst-5 values were approximately 92%
lower than those of the healthy control subject.

Figure 2. Ex vivo evaluation of anti-candidal activity of
patient and control subject saliva based on reduction in C.
albicans CFU counts. When the patient (P) and control subject
(C) saliva samples with pre-determined Hst-5 levels were used in
Candida killing assay, both patient samples exhibited significantly
reduced inhibitory effect on C. albicans compared to the control
samples. The percent killing of the patient samples was
proportional to measured Hst-5 concentration (P-S1: 1µg/l; P-S2:
2.3µg/ml). Purified Hst-5 peptide (5-20 µg/ml) was used as
positive control for killing, and PBS as negative control. * P=0.03;
** P<0.0021; *** P<0.0002

Histatin-5 concentration dependent anti-candidal salivary activity. When the patient and
control subject saliva samples with pre-determined Hst-5 levels were used in our in vitro
Candida killing assay, both patient saliva samples exhibited significantly lower killing anti-
candidal activity compared to the control sample based on reduction in C. albicans CFU counts
following incubation in saliva; patient sample #1 with lowest Hst-5 concentration resulted in
approximately 4% reduction in C. albicans growth and sample #2 resulted in approximately
25% reduction in C. albicans growth. In contrast, the saliva samples from the healthy control
subject resulted in approximately 41% reduction in C. albicans growth (Figure 2).
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Salivary cytokines analysis. Comparative evaluation of salivary cytokine levels in the
patient’s and control subject’s samples demonstrated an increase in the Th17 associated
inflammatory cytokines (IL-17, IL-22, IL-23) in both patient’s samples. In contrast, GMCSF,
IL-18, IL-1B and TNF-alpha levels were lower in the patient’s samples, whereas INF-gamma,
IL-10, IL-17E, IL-17F levels were not detectable in all samples analyzed (Table 2).

Table 2. Comparative Hst-5 (µg/ml) and cytokine (Pg/ml) levels in patient and control subject saliva

Hst-5 peptide concentration

Figure 1. ELISA standard curve
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Table 1. Comparative Hst-5 (µg/ml) levels in patient and control subject saliva


