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ABSTRACT
Since the beginning of the COVID-19 
disease pandemic caused by the new  cor-
onavirus SARS-CoV-2, the disease has 
claimed over 205M cases (205,338,159) 
and 4,333,094 deaths (WHO dashboard 
– accessed 15/08/2021). In addition to 
the overwhelming impact on healthcare 
systems treating acutely ill patients, 
the pandemic has had an impact on all 
other aspects of health care delivery, 
including the management of chronic 
diseases, the risk that is posed in pa-
tients with chronic conditions and the 
risk of the infection itself in those with 
chronic conditions. Autoimmune rheu-
matic diseases (ARDs), including pri-
mary Sjögren’s syndrome (pSS), charac-
terised by immune dysregulation affect-
ing several organs in variable severity, 
have been of particular interest given 
the accelerated phase of the immune 
response in the course of SARS-CoV-2 
infection leading to the acute inflamma-
tory response and respiratory distress 
syndrome or multi-organ failure. 
On the other hand, the effect of immuno-
suppressive drug therapies can repre-
sent a double edge sword on the course 
of the disease, either by increased sus-
ceptibility to and severity of the infec-
tion, or by preventing the accelerated 
inflammatory response induced by the 
infection. Additionally, the long-term 
impact of SARS-CoV-2 infection on 
the host immune system has led to the 
onset of novel complex clinical mani-
festations, comprised under the large 
umbrella of “long-COVID”, which we 
are only starting to understand. In this 
review we focus on two interrelated as-
pects: i) the impact of COVID-19 on 
patients with pSS and ii) the emerging 
evidence of long-term xerostomia after 
SARS-CoV-2 infection. 

Introduction
Primary Sjögren’s syndrome (pSS) is an 
autoimmune rheumatic disease (ARD) 
characterised by an inflammatory process 
that predominantly affects the exocrine 
glands (lacrimal and salivary), resulting 
in progressive loss of function and the 
manifestation of sicca symptoms, i.e. dry 
mouth and dry eyes. Other organs such 
as the musculoskeletal system, lungs 
and skin can be affected, while fatigue 
is almost a universal feature (1). A car-
dinal feature is also the development of 
circulating autoantibodies, such as those 
targeting the ribonucleoproteins Ro/SSA 
and La/SSB (i.e. anti-Ro/SSA and anti-
La/SSB autoantibodies), and rheumatoid 
factor (RF). There is an increased risk of 
lymphoma associated with the mucosal 
lymphoid tissue (2, 3).
The impact of the pandemic in people 
with pSS, remains to be fully unveiled 
and is of particular interest given that 
this is a disease affecting predominant-
ly the mucosa and the known mucosal 
association of SARS-CoV-2 infection.

Is pSS a risk factor for 
worse COVID-19 related outcomes?
As it became apparent early in the pan-
demic, the main predisposing factors 
associated with severe disease due to 
SARS-CoV-2 infection and worse prog-
nosis are pre-existing cardiovascular 
disease, diabetes, hypertension, male 
gender, older age and obesity (4-7). 
Data addressing specifically the sever-
ity of COVID-19 infection in pSS is 
scarce with the majority of studies being 
conducted in the entire group of ARD, 
including pSS, rather than specific con-
ditions, but it is possible to extrapolate 
some conclusions on pSS patients from 
observations in ARDs as a whole group 
of disorders.
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In a cohort of patients from Northern 
Italy the incidence of confirmed COV-
ID-19 infection in patients with rheu-
matic diseases treated with targeted syn-
thetic or biologic DMARDS was similar 
to that expected in the general popula-
tion (8). The majority of patients had 
rheumatoid arthritis (RA) and seronega-
tive spondyloarthropathies, no fatalities 
reported, none of the patients required 
care in the intensive care unit or experi-
enced severe complications.
The first report from Wuhan, the hotspot 
of infection in China, found increased 
rate of respiratory failure in patients 
with ARD whereas length of hospi-
talisation and mortality rate were not 
increased (9). A matched cohort study 
of hospitalised patients in a hot spot of 
the disease in the USA found those with 
ARD had similar rates of hospitalisation 
but higher need for mechanical ventila-
tion (10); a similar study in Northern 
Italy did not confirm those results (11), 
neither did data on 29 patients with 
rheumatic diseases in Wuhan, China 
(12). A global registry of 600 patients 
with ARD (the majority from Northern 
America and Europe) found the pres-
ence of co-morbidities and use of pred-
nisolone ≥10mg daily to be associated 
with worse outcomes whereas biologic 
drug monotherapy, driven mostly by 
anti-tumour necrosis alpha (TNF-α) 
therapy, was associated with lower risk 
of hospitalisation (13).
Pablos et al. reported on a study from 5 
rheumatology centres in Spain (14), that 
connective tissue disease (CTD) but not 
inflammatory arthropathies was an in-
dependent risk factor for severe disease 
(i.e. ventilation or severe complications, 
ITU admission or death) in this study. A 
subanalysis within the CTD group did 
not show a disease preference but pa-
tient numbers were small. There were 13 
pSS cases included in this study. Prior 
glucocorticoids use was associated with 
poorer outcomes, this was not the case 
for synthetic/conventional or biologic 
disease modifying anti-rheumatic drugs 
(DMARDS), age and male gender was 
also associated with poorer outcomes. 
Similar results were found by Freites-
Nunez et al. in a single centre report 
from Spain comparing hospitalised 
versus non-hospitalised patients, gluco-

corticosteroids were not an independent 
risk factor in this study but the dose was 
not recorded. DMARDS were not asso-
ciated with increased risk of hospitalisa-
tion (15). A more recent observational 
study from a Greek cohort of 77 patients 
reported age and lung disease (in the 
context of the underlying ARD) as inde-
pendent risk factors for hospitalisation; 
prior treatment with corticosteroids, 
rituximab and mycophenolate mofetil 
were more frequent in those with serious 
illness or requiring hospitalisation (16). 
There were 8 patients with Sjögren’s in 
this cohort. Consistent with these find-
ings, in patients with inflammatory bow-
el disease glucocorticosteroids but not 
anti-TNF-α therapy was an independent 
risk factor for severe disease as well as 
increased age and comorbidities (17).
Altogether from all the studies that in-
vestigated the impact on COVID-19 
pandemic in ARD, five included signifi-
cant number (i.e. ≥3) of pSS cases with 
confirmed COVID-19 infection, total-
ling 38 cases (9, 13-16) there was no 
specific analysis for those cases, most 
likely due to small numbers of cases. 
There have been 6 studies where dis-
ease specific mortality has been report-
ed, they include 66 patients with pSS, 
5 deaths of pSS cases were recorded, 
indicating an average mortality rate of 
7.57% (12, 15, 18-21). Table I summa-
rises all the data available to date for 
pSS and COVID-19 infection, including 
some studies of ARD.
A handful of studies specifically fo-
cused on pSS; at the early stage of the 
pandemic, when PCR testing was not 
readily available, a monocentric survey 
of an Italian cohort of patients with pSS 
suggested mild symptoms in the major-
ity of patients (22), the prevalence of 
the disease among pSS patients was in 
line with the general population (8%), 
35.2% of patients were treated with 
hydroxychloroquine, corticosteroids or 
other immunosuppressive drug thera-
py. An observational survey from Italy 
on 102 patients with pSS reported in-
creased disease activity and patient-re-
ported symptoms during the first lock-
down period of the pandemic, of this 
cohort 13% of patients experienced 
COVID-19-related symptoms but only 
2% were PCR positive (23).

The largest study to date on pSS and 
SARS-CoV-2 infection comes from an 
international registry identifying pa-
tients with pSS and confirmed or highly 
likely SARS-CoV-2 infection, both hos-
pitalised and primary care patients were 
included with a split of 49% and 51% 
respectively (21). The estimated infec-
tion rate (0.62%) was similar to that 
in the general population and baseline 
characteristics associated with more se-
vere disease were also similar to those 
identified in the wider spectrum of ARD 
i.e. older age, male gender, chronic co-
morbidities, there was no association 
between underlying therapies for pSS 
and hospitalisation. From this cohort, 5 
patients required admission to intensive 
care unit and 4 patients died. The speci-
fied co-morbidities included cardiovas-
cular disease, chronic kidney disease, 
obesity, neoplasia and chronic pulmo-
nary disease. There were no specific 
details of chronic pulmonary disease 
(i.e. interstitial lung disease related to 
pSS or other), probably due to the small 
number of patients, which would have 
been of interest. 

Does immunosuppressive 
drug therapy cause worse
disease outcome in pSS?
Previous coronavirus outbreaks such as 
the severe acute respiratory syndrome 
in 2002 and the Middle Eastern respira-
tory syndrome in 2012 were not associ-
ated with increased fatality rates in im-
munocompromised individuals (chem-
otherapy or solid organ transplantation) 
(24, 25), in contrast with increased dis-
ease severity caused by other respira-
tory virus such as influenza (26).
The effect of corticosteroid therapy in 
the setting of ARD has already been 
discussed. While the use of immuno-
suppressive therapy/DMARDS in pSS 
is lower compared with other ARD, hy-
droxychloroquine is the drug of choice 
in the majority of patients, with other 
DMARDS such as methotrexate used 
less frequently. Rituximab, an anti-
CD20 monoclonal antibody, has been 
used predominantly in clinical trials 
settings. Although initial in vitro stud-
ies suggested a promising role of hy-
droxychloroquine for the treatment of 
COVID-19 (27) the largest clinical trial 
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on COVID-19 treatment failed to dem-
onstrate any benefit, at least for hospi-
talised patients (28).
A large global registry for patients with 
ARD found that previous treatment 
with rituximab increased the odds ratio 
of death by 4.04 (as opposed to metho-
trexate therapy) for all patient groups, 
including inflammatory arthropathies 
and CTDs (29). Although patients with 
pSS were included in this study, they 
were captured as part of a generic CTD 
group and no specific information as 
to their treatment was provided. The 
authors speculate that this may well 
be due to the effect of rituximab in de-
pleting B cells and the development of 
anti-SARS-CoV-2 antibodies, the lat-
ter have been shown to play a crucial 
role in the development of immunity 
against SARS-CoV-2 (30). No data on 
specific timing of rituximab infusions 
in relation to infection was available, 
this would have been of interest as the 
further away rituximab infusion is from 

infection, the better chances of B cell 
recovery and antibody production is 
expected. A single centre retrospective 
study from Spain looked specifically 
in ARD cases treated with rituximab, 
including 2 cases of pSS, and reported 
high rate of severe COVID-19 infection 
(61.5%) leading to hospitalisation and 
death, this was a descriptive study with 
no control group (31).
The largest study to date on pSS and 
COVID-19 did not show any associa-
tions between baseline therapies and 
disease severity, the majority of patients 
were not on treatment (58.8%), the rest 
of the patients were on unspecified im-
munosuppressive drug therapy (27.4%) 
or on hydroxychloroquine (11.7%) (21). 

Will the COVID-19 pandemic 
cause increased prevalence of 
autoimmune diseases such as pSS?
The concept of increased autoimmunity 
following viral infections is well known 
and in the case of pSS it has been linked 

with Epstein Barr virus (32), Cytomeg-
alovirus, Coxsackie and other viruses 
(33). In pSS, viral infection of epi-
thelial cells leads to the production of 
pro-inflammatory cytokines and an ab-
errant immune response via Toll-like 
receptors (TLRs) characterised by type 
I interferons (IFN) signature. This is 
typical of a viral infection resulting in 
the restriction of viral replication and 
spread. 
In contrast, infection with SARS-
CoV-2 also leads to excessive produc-
tion of pro-inflammatory cytokines but 
the production of type I IFN is often 
blunted (33). Severe infection is associ-
ated with reduced type I IFN production 
and activity and excessive viral load in 
the blood (34). Neutralising antibodies 
against type I IFN in severe life-threat-
ening cases have been described (35).
The concept of “molecular mimicry” 
has also been demonstrated with the 
proof of sequence homology between 
SARS-CoV-2 spike and nuclear pro-

Table I. Outcome of SARS-CoV-2 infection in patients with autoimmune rheumatic disease and pSS. 

Study Cohort size  Mean age Baseline Prevalence Hospitalisation Mortality in Baseline co-morbidities
 (n=)  (yrs) treatment of COVID- on patients
    19-related 
    symptoms   
       
Zhao et al. (12) 1 (29#) 61# (median) HCQ 26.3% 100%*# 100%*‡ 0% N/A
   GC 24%   (3.4%#) 

Nuñez et al. (15) 9 (123#) 59.88# #Antimalarials 21.95% 100%* 55.5% (44%#) 11.11% #HTN (32.5%), DLD (21.95%), DM (13.82%), CD (18.7%),
   #GC 49.59%   (22%#) CLD (15.45%), CKD (4.88%), thyroid disease (13.8%), liver
   Other N/A    disease (5.69%), cancer (4.07%), depression (7.32%),   
       venous thrombosis/lung embolism (2.44%)

Santos et al. (19) 1 (38#) 75.3# # HCQ 24% 100%*# 100%*‡ 0% #HTN (60%), DLD (55%), DM (32%), CD (50%), ILD (32%)
   GC 58%   (26%#)
   Other 50% 

Huang et al. (20) 2 (17#) 64# (median) #HCQ 25% 100%*# 100%*#‡ 0% Hypertension (35.5%), Diabetes (0%), Cerebrovascular
   GC 37.5%   (5.90%#) disease (5.9%), CKD (11.8%), Infectious disease (5.9%)
   Other 25% 

Brito-Zerón et al. (21) 51 60 HCQ 37.3% 0.62% 49% 7.8% CD (15.7%), CLD (33.3%), Obesity (13.7%), other chronic
   GC 17.6%    diseases (7.8%)
   Other 21.5% 

Giardina et al. (22) 150 62 HCQ 18% 4% 0% 0% 70% overall
   GC 8.6%    (HTN, CD, DM, DLD, lung disease)
   Other 8.6% 

Carubbi et al. (23) 102 N/A HCQ 38.2% 13% 0.9% N/A N/A
   GC N/A
   Other N/A 

CD: cardiovascular disease; COPD: chronic obstructive pulmonary disorder; ILD: interstitial lung disease; CLD: chronic lung disease; SG: salivary gland; 
HTN: hypertension; CAD: coronary artery disease; DM: diabetes mellitus; DLD: dyslipidaemia; CKD: chronic kidney disease; HCQ: hydroxychloroquine; 
GC: glucocorticoids; Other: refers to other DMARDS.
*Study included only confirmed cases.
#Refers to entire ARD cohort rather than pSS.
‡Study looked only at hospitalised patients.
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teins and human peptides (36), (37). 
In addition, the production of a va-
riety of autoantibodies during acute 
infection with SARS-CoV-2 has been 
established including anti-Ro/SSA an-
tibodies, anti-neutrophil cytoplasmic 
antibodies (ANCA) and anti-cyclic 
peptide containing citrulline (CCP) 
antibodies (38, 39). The first report of 
pSS-specific antibodies anti-SSA/Ro in 
COVID-19 infected patients occurred 
in two individuals with acute respira-
tory distress syndrome and no history 
of autoimmune diseases. Tests for se-
rum antibodies revealed high levels 
of anti-SSA/Ro (203-442 U/mL) (39) 
high levels of which in COVID-19 in-
fection was suggested by authors to be 
a surrogate marker of pneumonia se-
verity and poorer prognosis. Since lev-
els of serum autoantibodies were not 
tested before the onset of symptoms 
in these patients, it is unclear whether 
breach of tolerance to SSA/Ro preced-
ed acute respiratory distress syndrome 
following COVID-19 infection in 
these patients (39). Furthermore, there 
is prolonged T cell stimulation, T cell 
senescence and exhaustion as well as 
skewing towards a Th17 phenotype in 
patients with COVID-19 pneumonia, 
both associated with ARD, providing 
further support of the potential autoim-
munity caused by COVID-19.
Probably above all the most intriguing 
fact is the capacity of SARS-CoV-2 
to infect salivary glands (SGs) as the 
expression of ACE2, the receptor that 
the virus uses to enter epithelial cells, 
is more abundant in the minor SGs 
than the lung epithelium (40) generat-
ing therefore a potential reservoir for 
chronic infection as will be discussed 
later. pSS has been described as an au-
toimmune epithelitis, following a viral 
insult and tissue damage, the glandular 
epithelial cells can function as antigen 
presenting cells contributing to autoan-
tigen presentation, breach of tolerance 
and eventually production of autoanti-
bodies (41). Therefore, chronic or acute 
infection of SGs with SARS-CoV-2 can 
potentially provide the ideal environ-
ment for initiation of autoimmunity.
A recent report from Brazil indicating 
an increased incidence of pSS during 
the pandemic is in support of this hy-

pothesis (42). It will therefore be of 
great interest the effect of COVID-19 
and the incidence of autoimmune si-
aladenitis on the longer term. Only 
time will show whether indeed the pan-
demic will cause an increase in cases of 
pSS-like disease. 
We will now review specifically the ef-
fect of SARS-CoV-2 infection on the 
SGs and the associated sicca symptoms.

Prevalence of 
COVID-19-induced xerostomia
In the early stages of the SARS-CoV-2 
pandemic, symptoms related to the 
oral cavity quickly became common 
in infected patients, including COVID-
19-induced anosmia (loss of smell), 
dysgeusia (alteration in the perception 
of taste) and xerostomia (dry mouth) 
(43). Existing literature on the latter 
is sparse, however, originating mainly 
from individual case reports or surveys, 
which have been summarised in Table 
II (44). An early study characterising 
symptoms in 60 COVID-19-infected 
patients from January 27th 2020 to Feb-
ruary 11th 2020 in Shenzhen, China, 
observed dry mouth in 29% of the co-
hort (45). The first study to mention 
xerostomia in COVID-19 surveyed 108 
patients in Wuhan, China, the site at 
which the virus first emerged, from 28th 
February 2020 – 4th March 2020. Of 
the 14 oral-related symptoms, 47.2% 
suffered dysgeusia/amblygeusia and 
46.3% experienced dry mouth (46). 
As the virus spread worldwide, similar 
levels of oral manifestations became 
apparent in Middle Eastern cohorts, in-
cluding in ambulatory, non-hospitalised 
COVID-19 patients between 25th March 
2020 and 15th April 2020. In a cohort of 
140 patients, 56% reported xerostomia, 
which correlated significantly with re-
ports of burning mouth (p=0.002) and 
dysgeusia (p=0.009) (taste being the 
main stimulator of saliva production) 
(47). European studies showed a simi-
lar prevalence of xerostomia: 32% in 
a self-reporting survey using the Xe-
rostomia Inventory score (48), 30% in 
a follow-up study of 122 hospitalised 
patients (43), and 45.9% in a third co-
hort with a median dryness score of 5 
(range 3–8) (49). While these studies 
had small sample sizes which used self-

assessments to report the severity of xe-
rostomia experienced, a preponderance 
of dry mouth was observed in females 
compared to males (44, 46, 47).

Clinical presentation of 
COVID-19-induced xerostomia
While fever, cough and fatigue are 
among some of the most common 
symptoms of COVID-19 infection 
(50), a large proportion presented with 
asymptomatic or more mild symp-
toms, contributing to the rapid spread 
of disease. Chemosensory symptoms 
(gustatory and olfactory) and xeros-
tomia are thought of as mild symp-
toms, appearing early on in infection 
and lasting over a long period of time 
(49,51). In an effort to recognise early 
COVID-19 infections which do not 
typically present with respiratory tract-
specific symptoms, Luo et al., found 
a high correlation between dry mouth 
and bitter taste in a pairwise analysis of 
60 infected patients (45). This can be 
explained by the fact that reduced sali-
vary flow damages gustatory papillae, 
altering the perception of taste (52). 
60% of patients in one cohort experi-
enced dry mouth as a prodromal symp-
tom, 3-4 days prior to other COVID-19 
symptoms (fever, shortness of breath, 
fatigue etc) and assessed using visual 
analogue scales (VAS, 0 = absence of 
dry mouth, 10 = most severe case of 
dry mouth) (53). In a study by Fantozzi 
et al., prior to any COVID-19 diagno-
sis, 74.5% of the cohort associated xe-
rostomia as one of the first symptoms 
of infection, with a median onset time 
of 7 days (range: 4–7.8). Other symp-
toms related to hyposalivation were 
difficulties in swallowing and need-
ing to sip liquids to aid the swallowing 
process (27.5% and 37.3% respectively 
of the dry mouth cohort) (49), burning 
sensation (p=0.002) and change in taste 
(p=0.009) (47). In fact, the odds ratio 
of developing dry mouth with COV-
ID-19 in one study was 5.13 (95% CI 
2.9220–10.9009, p<0.001) (44).
Xerostomia impedes the flushing func-
tion of saliva, increasing the chances of 
retrograde infection in ductal orifices. 
It also has a role in the formation of 
sialolithiasis (SG stones), which have 
been reported in one COVID-19 case 
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due to the deposition of inorganic salts 
on ductal walls (54). Obstruction of the 
Stensen duct was suggested to be the 
cause of parotid gland enlargement by 
Lechien et al., who noted parotitis-like 
symptoms at the onset of disease in 
two COVID-19 patients and during the 
disease course in another. It is unclear 
whether the parotid gland enlargement 
in these cases blocks the duct to cause 
xerostomia, however hyposecretion 
and inflammation of the tissue were 
observed, albeit by subjective means 
(55). SG ectasia (swelling) occurred in 
a cohort of patients who experienced 
more severe COVID-19 infection and 
were significantly older (63.6 years) 
compared to those without (61.7 years). 
Upon hospitalisation they presented 
with higher serum levels of the sys-
temic inflammation marker C-reactive 
protein (CRP) (89.2 mg/dL) and the 
necrosis marker lactate dehydroge-
nase (LDH) (424 U/L), together with 
lower absolute lymphocytic counts (0.8 
x109/L). Univariable logistic regression 
analysis confirmed increasing CRP and 
LDH is associated with a greater risk of 
developing SG ectasia while the under-
lying disorder diabetes mellitus could 
independently predict dry mouth (43).
Upon the resolution of infection, dry 
mouth persisted in 30% of patients 3 
months after hospital discharge while 
83.6% had other abnormalities in the 
mouth, despite never experiencing 
oral disorders prior to COVID-19 (43). 
On the other hand, another cohort of 
hospitalised COVID-19 patients with 

no previous complaints of dry mouth 
showed that following antiviral drug 
therapy, hydroxychloroquine, antibiot-
ics or oxygen supplementation, xeros-
tomia was resolved in 80% of cases 
within 2–13 days, lasting three weeks 
in two patients albeit at lower severi-
ties (VAS = 1-2) (53). 15 days after a 
negative RT-PCR test, dry mouth de-
creased significantly in 15 patients in 
a separate cohort (p<0.001) and per-
sisting only in 1 patient (48). It should 
be noted however that invasive clini-
cal practices, particularly in intensive 
care units such as intubation, assisted 
external ventilation and tracheostomy, 
may also contribute to complaints of 
dry mouth and exacerbation of existing 
oral injuries (44, 56, 57).

Pathophysiological mechanisms 
of COVID-19-induced xerostomia
Dry mouth is a multifactorial phenom-
enon associated with autoimmune, en-
docrine, neurological and iatrogenic 
aetiologies (44). It has been suggested 
that the xerostomia experienced by 
COVID-19 infected patients could 
be due to the neuroinvasive and neu-
rotropic properties of SARS-CoV-2. 
Evidence of coronavirus directly in-
vading the central nervous system first 
appeared in a case report of a SARS 
patient in 2005 who presented with 
progressive neurological sequelae of 
dysphoria and deliria (58), which was 
followed by more cases (59-61). This 
is of relevance, since the parotid and 
submandibular SGs receive both sym-

pathetic and parasympathetic innerva-
tion, providing a possible mechanism 
in the pathophysiology of COVID-
19-induced xerostomia (48).
The barrier mucosa of the oral cav-
ity may also provide alternative entry 
sites for COVID-19 infection due to 
the abundant expression of angiotensin 
converting enzyme II (ACE2). The cell 
surface protein is the likely receptor for 
SARS-CoV-2 spike (S) protein (62) to 
mediate cellular adsorption (62,63), 
therefore any cell which harbours it can 
be exploited to host and facilitate viral 
replication. Viral S glycoprotein is then 
cleaved by host protein transmembrane 
protease serine 2 (TMPRSS2), facilitat-
ing viral activation and pathogenesis 
(64). Liu et al., were the first to show 
ACE2 expression in SG epithelium in 
non-human primates and that SGs were 
early targets of SARS-CoV infection 
(65). More recently, other studies have 
confirmed an abundant expression of 
ACE2 in squamous epithelial cells of 
the dorsal tongue (66, 67), followed by 
gingiva, buccal tissue (66) as well as 
TMPRSS2 in taste bud cells, and sub-
mandibular SGs (67). 
Publicly available datasets in GTEx-
portal (https://gtexportal.org) have 
shown ACE2 protein is expressed at 
1.8 pTP (protein coding transcripts 
per million) in the SGs, ranking 10th 
amongst all organs and at higher lev-
els than in the lungs (54). Supporting 
findings from other studies (67), the 
most recent human single cell atlas on 
minor SGs and gingiva revealed that 

Table II. Prevalence of xerostomia and other oral manifestations during SARS-CoV-2 infection.

Study Cohort size (n=) Mean age (yrs) Xerostomia Dysgeusia Other oral manifestations

Gherlone et al. (43) 122 62.5 (median) 30% 17% Masticatory muscle weakness (19%)

Luo et al. (45) 60 43.56±2.70 (males) 29.1% Bitter taste 12.73% Cough (68.33%)
  50.04±1.75 (females) 

Chen et al. (46) 108 52.0 46.3% 47.2% Inflammation of mouth (11.1%), enlargement of 
     lymph nodes in submandibular regions (0.9%), 
     cough (67.7%)

Biadsee et al. (47) 128 36.25 56% 32.8% Change in sensation of tongue (15.6%), plaque-like  
     changes in tongue (7.03%), cough (94%), sore throat  
     (34%), swelling in palate (3.13%), swelling of tongue 
     (3.13%), swelling of gums (1.56%).

Freni et al. (48) 50 37.7 ± 17.9 32% 70% Cough (60%)

Fantozzi et al. (49) 111 57 (median) 45.9% 59.5% Difficulties in swallowing (39.2%), difficulties in 
     swallowing dry foods (27.5%), need to sip liquids 
     to help swallowing (37.3%)
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they co-express ACE2 and TMPRSS2 
in epithelial clusters, namely in the 
ducts, mucous acini and myoepithelial 
structures. SARS-CoV-2 was detected 
in 57% of SGs (as S-positive cells), 
with a trend towards higher loads in 
minor SGs compared to paired pa-
rotid SGs (68). Acinar cells were not 
ACE2-positive in a study by Usami et 
al., while it was expressed abundantly 
in interlobular excretory ducts (69). 
Furthermore, Song et al. reported high 
expression of TMPRSS2 in ductal and 
acinar cells of parotid SGs and in the 
ductal and myoepthelial cells of the 
submandibular glands. They also ob-
served positive correlation between 
ACE2 and TMPRSS2 expression lev-
els in most organs, including the SGs 
(R=0.35, p=0.01). Since the receptor 
of SARS-CoV-2 is expressed superfi-
cially on SGs, the virus could use them 
to enter host cells (70).
Using autopsied minor SGs, fluores-
cence in-situ hybridisation demonstrat-
ed functional evidence of SARS-CoV-2 
replication in sense protein-positive 
cells (68), potentially acting as a res-
ervoir for the virus. Gene ontology 
analyses on healthy SGs revealed an 
upregulation of ribosomal pathways 
with ACE2 and TMPRSS2 expres-
sion, which is required to mediate more 
functional processes such as viral RNA 
and protein synthesis (70). Histologi-
cal features of SARS-CoV-2-infected 
minor SGs include focal lymphocytic 
sialadenitis (FLS), cellular atrophy, fi-
brosis and ductal rupture. Immune cell 
phenotyping in the same glands showed 
a high proportion of IgA+ plasma cells 
(as expected at mucosal sites) and tis-
sue-resident cytotoxic T-cells (68) to 
provide a rapid response to foreign an-
tigen (71). Enriched B-cell infiltration 
was observed in cases of FLS (68) and 
is reminiscent of the hallmark lesions 
observed in the SGs of pSS patients 
(72). These inflammatory features may 
be evidence of glandular repair, in re-
sponse to SARS-CoV-2 antigen. Wang 
et al. suggest that hyposalivation could 
be a result of fibrous repair of damaged 
acinar cells, while hyperplastic fibrous 
scars could lead to stenosis (or narrow-
ing) of SG ducts (54). In the same vein, 
viruses are believed to be a co-factor of 

SG inflammation in pSS patients, due 
to antigen-driven immune cell recruit-
ment, which leads to glandular dam-
age, dysfunction, and symptoms of dry 
mouth (73). Other diseases in which 
viruses have been implicated in auto-
immunity and autoinflammation are in-
fluenza viruses for acute disseminated 
encephalomyelitis and herpesvirus for 
systemic lupus erythematosus, rheu-
matoid arthritis and adult-onset Still’s 
disease (74). 
As well as the SGs, saliva may act as 
a potential reservoir of SARS-CoV-2 
(75, 76), hence understanding its poten-
tial role in transmission of the disease 
would be vital in limiting the outbreak. 
Epidemiological studies confirmed 
transmission of COVID-19 can occur 
not only in pre-symptomatic patients, 
but those that are asymptomatic too 
(68,77) and whilst development of 
COVID-19 could occur through both 
direct transmission (cough, sneeze and 
droplet inhalation) and contact trans-
mission (contact with oral, nasal and 
eye mucous membranes) (78), there 
is mounting evidence to suggest that 
it may pass from person-to-person 
through saliva. SARS-CoV-2 can be 
detected in saliva at a median of 2 days 
post hospitalisation (79), and before 
the appearance of lung lesions (76), 
which could be a valuable non-invasive 
specimen for early diagnosis of COV-
ID-19. Full length salivary TMPRSS2 
protein was observed in another study 
(67), while anti-S-IgG and anti-RBD-
IgG antibodies remained stable in sa-
liva throughout a three-month period in 
COVID-19 patients, which correlated 
with serum levels of these antibodies 
too (80). Salivary composition analy-
sis revealed the presence of protease 
inhibitors such as plasminogen activa-
tor inhibitory type 1 (67), which may 
inhibit TMPRSS2 activity (46, 81) and 
hence viral entry. Chen et al., suggest 
the presence of such proteins could 
be an indicator of COVID-19 infec-
tion (46) while others suggest it could 
predict disease severity since the viral 
detection rate was high (75%) amongst 
critically ill patients (79). High salivary 
viral loads in most severe cases could 
be explained by a weakened immune 
response unable to clear the pathogen 

(79). Considering this, Bourgonje et 
al. demonstrated that ACE2 expression 
in organs is strongly associated with 
clinical manifestations of COVID-19 
(82). It is important to remember, how-
ever, that viral shedding in saliva could 
arise not only from SGs, but also from 
the nasopharynx, hence the source of 
salivary SARS-CoV-2 should be better 
characterised (79). Given each cough 
generates 3000 saliva droplets and 
each sneeze equivalent to 40,000 saliva 
droplets, saliva presents a stable and 
far-reaching mechanism of viral shed-
ding (83).
These studies indicate the susceptibility 
that the ACE2-expressing oral cavity 
has to SARS-CoV-2 infection, provid-
ing a mechanism for viral entry in early 
disease stages when patients present 
with dry mouth. More specifically, SG 
epithelia have been shown to mediate 
SARS-CoV-2 entry, replication, im-
mune cell activation and viral transmis-
sion, all of which may be involved in 
the pathogenesis of COVID-19 induced 
xerostomia. However, the clinical stag-
es of COVID-19 infection are still un-
clear, and whether this is an infection 
affecting the oral cavity first, spreading 
to the nasal cavity or vice versa remains 
to be seen. Larger studies focused on 
xerostomia are required to better under-
stand this, using objective methods of 
investigation to supplement question-
naires assessing dry mouth. Deeper un-
derstanding of COVID-19-induced xe-
rostomia would allow us to understand 
whether it is direct cause of infection or 
whether it is a manifestation of symp-
toms in a patient with a compromised 
immune response. This information 
could play an active role in the diagno-
sis of SARS-CoV-2 infection or predict 
the disease prognosis. 
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