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s u m m a r y 

Background: Variations in the ACE2 activity in saliva could explain the striking differences of susceptibil- 

ity to infection and risk of severe disease. 

Methods: We analyze the activity of ACE2 in saliva in different population groups across a wide age range 

and disease status during April to June 2020, before SARS-CoV-2 vaccine implementation, and we estab- 

lish differences between infected people and participants considered resistant (highly exposed healthcare 

workers and children who cohabited with parents with COVID-19 without isolation and remain IgG neg- 

ative). 

Results: We included 74 adults, of which 47 (64%) were susceptible and 27 (36%) were resistant, and 

79 children, of which 41 (52%) were susceptible and 38 (48%) were resistant. Resistant adults have sig- 

nificantly lower ACE2 activity in saliva than susceptible adults and non-significant higher values than 

susceptible and resistant children. ACE2 activity is similar in the susceptible and resistant pediatric pop- 

ulation ( p = 0.527). In contrast, we observe an increase in activity as the disease’s severity increases 

among the adult population (mild disease vs. severe disease, 39 vs. 105 FU, p = 0.039; severe disease vs. 

resistant, 105 vs. 31 FU, p < 0.001). 

Conclusions: using an enzymatic test, we show that ACE2 activity in saliva correlates with the suscepti- 

bility to SARS-Cov-2 infection and disease severity. Children and adults with low-susceptibility to SARS- 

Cov-2 infection showed the lowest ACE2 activity. These findings could inform future strategies to identify 

at-risk individuals. 

© 2022 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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Because the angiotensin-converting enzyme 2 (ACE2) is the 

olecular target for severe acute respiratory syndrome coronavirus 
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 (SARS-CoV-2) cell entry, variations in the activity of ACE2 may 

lay a significant role in determining an individual’s susceptibility 

o COVID-19 and disease severity. 1 ACE2 is widely expressed in dif- 

erent tissues, including the surface of alveolar epithelial cells and 

he epithelium of oral, nasal, and nasopharynx mucosa, explaining 

hy direct person-to-person respiratory transmission is the pri- 

ary means of SARS-CoV-2 transmission. 2 

Reports of pathologic findings in tissue specimens of COVID-19 

atients are emerging and reinforce the role of ACE2 expression 

nd activity in disease pathogenesis. 3 ACE2 has a higher expression 
eserved. 
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n the salivary gland and the oral cavity’s epithelium than in the 

ung. Thus, saliva could be used to study the COVID-19 pathogene- 

is due to the ease of detecting SARS-CoV2 in these samples. 4 ACE2 

xpression in the lungs seems to increase with age, which might 

xplain the higher disease severity observed in the older popu- 

ation with COVID-19. 5 However, it is still unclear whether ACE2 

xpression is a cause of increased susceptibility in older people. 6 

hile children and women are assumed to have a lower incidence 

f infection than adult men, 6 , 7 the potential role of ACE2 expres- 

ion has not been fully explored. 

Here, we hypothesized that the activity of ACE2 in saliva would 

orrelate with lower susceptibility to SARS-CoV-2 infection and 

ill explain, at least in part, the formidable clinical phenotype of 

ndividuals with repeated high-risk exposures to SARS-CoV-2 who 

id not become infected before SARS-CoV-2 vaccine implementa- 

ion. We analyze the expression of ACE2 in saliva in different pop- 

lation groups across a wide age range and disease status, and we 

stablish differences between infected people and those exposed 

o the virus but not infected. 

ethods 

tudy design and setting 

We analyzed data from children recruited at Hospital Universi- 

ario La Paz and adults recruited at Hospital Universitario Ramón y 

ajal, between April and June 2020, before SARS-CoV-2 vaccine im- 

lementation. We classified children as "susceptible” if they were 

ositive for SARS-CoV-2 IgG, and as "resistant" if they had repeated 

igh-risk exposures 8 to SARS-Cov-2 (specifically, cohabitation with 

arents with confirmed COVID-19), but remained IgG negative at 

east after eight weeks after the exposure. We considered adults as 

susceptible" when they had positive IgG for SARS-CoV-2 or previ- 

us COVID19 confirmed by polymerase chain reaction (PCR) in na- 

opharyngeal exudate. Non-susceptible adults were healthy health- 

are workers who had been on duty for at least three months 

n COVID19 wards or intensive care units and reported at least 

hree high-risk exposures to SARS-CoV-2, 8 without having experi- 

nced symptoms suggestive of SARS-CoV-2 infection, persistently 

egative PCR SARS-CoV-2 testing, and absence of SARS-CoV-2 IgM 

nd IgG in plasma. The most frequent exposure was largely unpro- 

ected exposure to aerosol-generating procedures or patient secre- 

ions and close contact without face masks with other confirmed 

ases of COVID-19. We measured SARS-CoV-2 antibodies by in- 

irect chemiluminescence immunoassay (Vircell, Granada, Spain). 

articipants with mild disease were those without a need of sup- 

lemental oxygen and asymptomatic after one week of diagnosis. 

evere disease was defined as the presence of bilateral radiologic 

nfiltrates or opacities and clinical assessment requiring supple- 

ental oxygen. 

CE-2 activity measurement and statistical analysis 

Non-induced saliva samples were collected in sterile tubes and 

ryopreserved at −80 °C. After thawing, ACE2 activity was mea- 

ured in batch through a fluorometric assay, using a synthetic 

CE2-specific substrate (Mca-APK(Dnp); Reactomix S.L., Granada, 

pain) that is metabolized to a fluorescent compound in the pres- 

nce of a functional enzyme. Saliva samples were incubated with 

he buffer solution (150 nM Tris-HCl pH 7.5, 200 nM NaCl, 10 

M ZnCl2, protease inhibitor) and the substrate (portions 10-99- 

, respectively). After incubation at room temperature for 16 h, 

e quantified each sample’s fluorescence using Varioskan Lux 

Thermo), a fluorescence reader with an excitation of 320 nm and 

n emission of 420 nm. Measurements in duplicate showed a co- 

fficient of variation of 5.1%. According to this technique, increased 
87 
uorescence indicates increased ACE2 activity. The protein concen- 

ration, measured colorimetrically by the PierceTM 660 nm Protein 

ssay reagent (Thermo Scientific, USA), for all samples was on av- 

rage 1.58 ± 0.07 μg protein/μL saliva, with no significant differ- 

nces across samples. Therefore, the differences in ACE2 activity 

ave a biological significance and not due to a bias in the amount 

f protein in each simple. 

We used the one-way ANOVA followed by the Tukey test to cor- 

ect for multiple comparisons and logistic regression to establish 

he association between susceptibility to SARS-CoV-2 and ACE2 ac- 

ivity after controlling for the potential confounding effect of sex. 

e used Stata version 16.0 (StataCorp LP, College Station, Texas) for 

he statistical analysis and Prism version 9.0 (GraphPad, La Jolla, 

alifornia) for figure generation. 

esults 

We included a total of 153 unvaccinated participants; 74 adults, 

f which 47 (64%) were considered susceptible and 27 (36%) resis- 

ant, and 79 children, of which 41 (52%) were considered suscepti- 

le and 38 (48%) resistant. The age range was 5–92 years. Among 

he 47 susceptible adults, 20 (43%) had severe disease, 16 (34%) 

ild disease, and 11 (23%) were people who had asymptomatic 

OVID-19 and had positive IgG with negative PCR test at the time 

f inclusion in the study. Supplemental Table 1 shows the baseline 

haracteristics of the sample population. 

Fig. 1 shows the difference in ACE2 activity in saliva between 

usceptible and resistant individuals, with a much smaller differ- 

nce among the pediatric population median fluorescence (12 vs. 

4 FU units, p = 0.561) than in adults (64 vs. 31 FU units, 

 = 0.012). Resistant adults have significantly lower ACE2 activity 

n saliva than susceptible adults and non-significant higher values 

han susceptible and resistant children. ACE2 activity is similar in 

he susceptible and resistant pediatric population ( p = 0.527). In 

ontrast, we observe an increase in activity as the disease’s severity 

ncreases among the adult population (mild disease vs. severe dis- 

ase, 39 vs. 105 FU, p = 0.039; severe disease vs. resistant, 105 vs. 

1 FU, p < 0.001). 

The logistic regression model yielded similar estimates in the 

nadjusted model and after controlling by sex ( Supplemental Ta- 

le 2 ). We observed significant differences between the susceptible 

nd resistant adult population in the adjusted model ( p = 0.008) 

ut not in the pediatric population ( p = 0.790). Supplemental Ta- 

le 3 shows the results of the adjusted multinomial model by dis- 

ase severity in adults. 

iscussion 

In this work, we observe that there is a significant correlation 

etween ACE2 activity in saliva and susceptibility to SARS-Cov- 

 and COVID19 severity in unvaccinated individuals, early in the 

OVID19 pandemic. First, adults susceptible to SARS-CoV-2 show 

igher levels of ACE2 in saliva than the resistant adults. These dif- 

erences are not observed in the pediatric population, in which 

he saliva ACE2 activity is lower, and no differences exist between 

usceptible and resistant individuals. Second, an increase in ACE2 

xpression is found as the disease’s severity increases among the 

dult population. 

Previous work has linked ACE2 expression in different organs 

o the potential risk of SARS-CoV-2 infection. 9 , 10 Liu et al. showed 

hat the salivary gland’s epithelial cells having elevated ACE-2 ex- 

ression were infected by SARS-Cov-2, 10 which raises the ques- 

ion of whether inter-individual variations of ACE-2 expression 

ay contribute to the formidable spectrum of diseases suscepti- 

ility and severity. Since early in the COVID-19 pandemic, it be- 

ame clear that older age was a risk factor for adverse outcomes. 
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Fig. 1. Comparison of ACE2 activity in saliva according to susceptibility and disease severity in adult and pediatric population". The graph is a box and whiskers plot 

showing all values as points. The groups were compared by one-way ANOVA followed by Tukey test. The adult resistant group was the reference category for the multiple 

comparisons. 
∗∗ denotes a p value < 0.01 and > 0.001 
∗∗∗∗ denotes a p value < 0.0 0 01. 
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COVID-19. 
ecently, Baker Steven et al. have reported that ACE2 expression 

ncreases with age using data generated by RNA sequencing. 11 

hereas no gender difference in ACE2 expression has been ap- 

reciated in salivary glands, 12 whether a differential expression of 

CE2 across age explains the more benign disease observed in chil- 

ren remains unclear. 13 

In keeping with the study hypothesis, children showed a sig- 

ificantly lower ACE2 activity than adults. Despite that we did not 

ppreciate differences in resistant vs. susceptible children, the fact 

hat all cases were either asymptomatic/mild infections or resis- 

ant could support the idea that ACE2 activity correlates with the 

usceptibility to SARS-CoV-2 infection. Future directions include a 
88 
horough evaluation of ACE2 activity in different anatomic com- 

artments, and subsequent studies should further characterize the 

rigin of this enzymatic activity by using RNA sequencing or pro- 

eomic strategies. 

In conclusion, using an enzymatic test, we show that ACE2 

ctivity in saliva correlates with the susceptibility to SARS-Cov- 

 infection and disease severity. Children and adults with low 

usceptibility to SARS-Cov-2 infection showed the lowest ACE2 

ctivity. These findings could inform future strategies to iden- 

ify at-risk individuals, as well as for the development of ther- 

peutic strategies to reduce both susceptibility and severity of 
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