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Introduction
In late 2019, the coronavirus disease 2019 (COVID-19) was 
recognized in Wuhan, China. The responsible pathogen was 
defined as Severe Acute Respiratory Syndrome Coronavirus-2 
(SARS-CoV-2).1-3 Since then, it has resulted in a worldwide 
pandemic, with more than 228 million confirmed cases and 4.6 
million confirmed deaths.4

Covid-19 infection usually starts with flu like symptoms5 
and can be asymptomatic or may have a mild to severe course.6 
Admitted Patients have variable symptoms. In a study con-
ducted in China on 1099 hospitalized COVID-19 patients, 
91.1% of admitted patients developed pneumonia, 3.4% suf-
fered from severe acute respiratory distress syndrome (ARDS) 
and 1.4% died.7 The mechanism of viral entry into cells was 
identified as the angiotensin-converting enzyme 2 (ACE2), a 
dipeptidyl carboxypeptidase that is expressed in the human 

airway epithelia, lung parenchyma, small intestine as well as in 
the heart, kidneys, and testes.8,9

ACE2 functions as an enzyme in the renin-angiotensin 
system (RAS).10 The RAS plays a significant role within the 
physiology and pathophysiology of cardiovascular and renal 
systems. Renin is secreted by renal juxtaglomerular cells and 
converts the circulating angiotensinogen to angiotensin I 
(Ang I), which is then converted by the ACE1 to Ang II. The 
latter product harbors potent vasoconstrictive, pro-inflamma-
tory, and pro-fibrotic properties. ACE2 cleaves Ang I into 
Ang (1-9), which may be converted to Ang (1-7) by ACE1. 
Furthermore, ACE2 degrades Ang II to Ang (1-7), which 
mediates vasodilatation, anti-proliferation, and antifibrosis, 
thereby opposing the actions of Ang II.9,11 Therefore, it has 
been suggested that ACE2 acts in a counter-regulatory man-
ner to ACE1 by shifting the balance between Ang II and Ang 
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(1-7), thus acting as a functional clearance mechanism for 
Ang II.9,11

Association between inflammatory parameters and Covid-
19 infection has been studied and increased levels of inflamma-
tory markers have been reported.12,13 Moreover, patients that 
require multiple hospital admission have a greater inflamma-
tory burden during the Covid-19 outbreak.14 On the other 
hand, high ACE2 levels have been linked with an increased 
inflammatory burden.15 Therefore, ACE2 levels could be asso-
ciated with Covid-19 related inflammation.

ACE2 has been proposed as an emerging biomarker of 
cardiac disease.16 Circulating levels of ACE2 may also have a 
prognostic role in monitoring COVID-19 infection.17 
However, the data are not yet coherent on the association 
between circulating ACE2 levels with the clinical and patho-
logic outcomes of COVID-19.18 It is hoped that further 
studies may unravel the association of circulating ACE2 lev-
els with the disease or its severity and promote the utilization 
of this information in managing COVID-19 patients. The 
aim of this study is to investigate the association between cir-
culating ACE2 levels with COVID-19 infection. This is the 
first study in Jordan and in the middle eastern population to 
look at association between ACE2 level and COVID-19 
infection.

Materials and Methods
Study subjects

One hundred forty-four (144) COVID-19 patients admitted 
either to Jordan University Hospital ( JUH) or Prince Hamza 
Hospital (PHH) in Amman, Jordan, were recruited from May 
23rd to June 28th, 2021. The patients were admitted to the 
Intensive Care Unit (ICU) or to the specialized COVID-19 
hospital wards. A total of 123 healthy control subjects with no 
current or previous history of COVID-19 infection were 
recruited from Jordan University Hospital during the same 
period. The control group had no upper or lower respiratory 
tract symptoms and tested negative for COVID-19 infection. 
All study subjects were recruited randomly and were heteroge-
neous in terms of their age, gender, and the clinical presenta-
tion of patients, pediatric patients were excluded from the 
study. COVID-19 infection was diagnosed by a real-time, 
reverse-transcription polymerase chain reaction of nasopharyn-
geal swab samples.

The study was approved by the institutional review boards 
of JUH (51/2021). Safety precautions were implemented 
according to the Ministry of Health and Jordan University 
Hospital standards. Written informed consent was obtained 
from all healthy and infected participants.

Inclusion and Exclusion criteria: All patients older than 18 
who were admitted to both hospitals during the recruitment 
period were included whereas patients younger than 18 were 
excluded.

Subject data

Demographics, vital signs, comorbidities, symptoms, smoking, 
days of admissions, the use of ACE inhibitor drugs, and labora-
tory measurements were recorded for each patient following 
enrollment.

ACE2 levels in serum

Five milliliters (5 mL) of venous blood were collected within the 
first 24 hours post-hospital admission. The serum was separated 
by centrifugation, aliquoted, and stored at −80°C until used. The 
experimental assays were done in the Biochemistry Research 
Laboratories at the School of Medicine, The University of Jordan.

ACE2 was measured in 100 µL of serum samples in duplicates 
using the human ACE2 DuoSet enzyme-linked immunosorbent 
assay plates (R&D Systems, Minneapolis, USA; DY933-05, lot: 
P266918) in duplicates according to the manufacturer’s instruc-
tions. The concentrations of ACE2 in the samples were calcu-
lated based on a seven-point standard curve (20-0.313 ng/mL) 
using 2-fold serial dilutions of recombinant ACE2 provided with 
the kit. Biotinylated goat anti-human ACE2-antibody (842864; 
provided with the kit) was used to measure natural and recombi-
nant human ACE2.19-24 Considering specificity of the kit pro-
vided, the following factors prepared at 200 ng/mL were assayed 
and exhibited no cross-reactivity or interference (Recombinant 
human: ACE, Angiotensinogen, HAT, IFN-γ, IL-4, Neprilysin, 
Renin, TACE/ADAM17, Angiotensin I, Angiotensin II).

Statistical analysis

GraphPad PRISM 5 and GraphPad StatMate statistical pro-
grams were used for statistical analyses. Continuous variables 
are expressed as mean ± standard error of the mean (SEM). 
Shapiro-Wilk normality test has been run and where appropri-
ate, unpaired t-test or Mann Whitney test were used to com-
pare the mean values of 2 groups, and Pearson’s or Spearman’s 
correlation coefficient analysis were used to investigating the 
associations of continuous variables. P-values of less than .05 
were considered statistically significant.

Results
The demographics of COVID-19 patients (n = 144) and con-
trols (n = 123) are shown in Table 1. The mean age of patients 
was 62 years and 50% of them were males. The mean age of the 
control group was 55 years and 63% were males. The subjects 
were suffering from diabetes mellitus (54% of patients com-
pared to 44% in control group), hypertension (50% of patients 
compared to 42% in control group), respiratory diseases (10% 
of patients compared to 7% in control group), and cardiovascu-
lar diseases (25% of patients compared to 20% in control 
group). 35% of COVID-19 patients were admitted to ICU. 
There was no difference between COVID-19 patients (23%) 
and controls (24%) regarding ACE drugs intake. The levels of 
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ACE2 were measured for COVID-19 patients (1.5 ng/mL) 
and compared to controls (1.9 ng/mL).

Table 2 shows the association of ACE-II level with age and 
days of hospital admission. It was revealed that ACE II level 
seemed to be statistically significant with “Days of hospital 
admission” (P-value = .0021) and was not correlated with age 
(P-value = .8553).

ACE-II level was measured and compared between 
COVID-19 patients and controls (Table 3). We tested for dif-
ferences between the 2 groups and the results revealed no sig-
nificant differences (P > .05) except for respiratory and 
cardiovascular diseases as comorbidities (P < .05).

ACE-II level was measured in COVID-19 patients and com-
pared between different patients’ subgroups (Table 4). It is worth 
mentioning that ACE II level was not dependent on gender, 
smoking, ACE drugs, or comorbidities (P > .05), and seemed to 
be statistically significant with Cardiovascular Diseases CVS 
(P-value = .0149) “ICU admission” (P-value = .0017) and “Death” 
(P-value = .0230).

Discussion
COVID-19 affected individuals can be categorized into 3 
main groups: (1) asymptomatic whether with or without 

proven infection (2) Infected patients with mild to moderate 
symptoms that don’t require hospitalization (3) Moderate to 
Severe symptoms that require hospitalization,25,26 most patients 
have a mild or moderate infection, but up to 5% to 10% have a 
severe and even life-threatening disease course with an overall 
mortality rate around 2% to 4%.27-29

In a Chinese study of 44 672 COVID-19 positive patients, 
81% developed mild manifestations, 14% developed severe 
manifestations, and 5% developed critical manifestations 
(defined by respiratory failure, septic shock, and/or multiple 
organ dysfunction).30 One study that included 20 133 individ-
uals hospitalized with COVID-19 reported that 17.1% were 
admitted to high-dependency or intensive care units 
(ICUs).25,31 We had 144 patients in our cohort of which 50 
(35%) patients needed intensive care admission which is con-
sistent with the experience in other groups. In a study con-
ducted in California, USA 30% of hospitalized patients needed 
intensive care unit admission,32 while in other reports its 
reaches 35%,25 with a mortality rate ranging from 50% to 60% 
at the beginning of the pandemic to around 30% in the current 
time.33

Early diagnosis of the disease and the ability to predict its 
severity are essential for managing and preventing severe 

Table 1. Baseline ACE2 level, demographical, clinical characteristics of the Control group and the COVID-19 group.

PARAMETER (MEAN ± SEM) OR (%) CONTROl COVID-19 PATIENTS P-VAlUE

Number of Subjects/ Patients N = 123 N = 144  

ACE2 (ng/ml) 1.9 ± 0.26 1.5 ± 0.14 .1389

Age (years) 55 ± 2 62 ± 1 .0004

Gender (M) 77 (63%) 72 (50%)  

DM 54 (44%) 78 (54%)  

HT 52 (42%) 72(50%)  

RS 9 (7%) 14 (10%)  

CVS 25 (20%) 36 (25%)  

ICU 0 (0%) 50 (35%)  

Days of admission 8.8 ± 0.9 17.2 ± 1.3 <.0001

ACE drugs 30 (24%) 33 (23%)  

Death 0 (0%) 43 (30%)  

Table 2. Association of ACE2 level with Age and Days of hospital admission the Control group and the COVID-19 group.

PARAMETER CONTROl COVID-19

AGE (yEARS) AGE (yEARS) DAyS OF ADMISSION

Number of Xy pairs 123 144 144

Spearman r −0.050 0.015 0.26

P-value (2-tailed) 0.5862 0.8553 0.0021
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morbidity and mortality. The efficacy of some of the available 
medications depends on the time of administration and the 
phase of the disease.34,35 It is, therefore, imperative to find a 
valid novel biomarker for COVID-19. For instance, tissue 
plasminogen activator (tPA) and plasminogen activator inhibi-
tor-1 (PAI-1) were tested as new predictors of COVID-19 
severity.36

Although a humanized mouse model failed to detect 
expression in lung endothelium,37 many other reports showed 
the expression of ACE2 in various tissues such as, esophageal 
epithelium, ilium and colonic enterocytes, alveolar type II 
cells in lung, liver cholangiocytes, myocardial cells and renal 
tubules.38,39 These findings may indicate that clinical symp-
toms of organ failure or dysfunction in respiratory, renal, gas-
trointestinal, and cardiac system might be related to the 
invasion of the coronavirus in these tissues, especially in the 
presence of viremia.38,40

Therefore, it is believed that the ACE2 expression pattern 
in different tissues, could uncover the potential risk to 2019-
nCoV infection because the target tissue cells expressing ACE2 
might facilitate coronavirus entry.38

Endothelial cells express ACE2 receptors on their surface, 
which is also the primary receptor for SARS-CoV-2 where it 
facilitates fusion and endocytosis of SARS-CoV-2 into the 
pulmonary endothelial cells through the interaction of the viral 
spike protein with the membrane-bound ACE2.26,41

The ADAM17 (a disintegrin and metallopeptidase domain 
17), which is responsible for cleaving ACE2 from the cell sur-
face and releasing it into the circulation, can be modulated by 
SARS-CoV-2 spike protein.42 Expression of increased shed-
ding of ACE2 correlates with worsening of the disease, which 
might be the result of an increase in Ang II instead of Ang 
(1-7) in the first place.43,44

Bronchoalveolar lavage samples from COVID-19 patients 
exhibit a critical imbalance in RAAS with increased expression 
of ACE2, renin, and kallikrein enzymes.45 Due to the cleavage 

of Ang II into Ang (1-7) by ACE2,46 decreased Ang II level 
and increased Ang (1-7) formation were found in the presence 
of elevated ACE2 levels in patients with severe COVID-19 
compared to healthy controls.47 Nonetheless, their impact on 
clinical outcomes is not clearly understood.

Our results did not show any difference in ACE2 levels 
between the COVID-19 positive group and the control group, 
but the Critically ill and the non-survivor patients showed sig-
nificantly higher ACE2 levels.

Serum ACE2 activity was measured in 110 critically ill 
and 66 severely ill COVID-19 patients and was found to 
correlate with COVID-19 severity and predict mortality.48 
The ACE2 level of 306 COVID-19 positive patients and 78 
COVID-19 negative patients were analyzed and high admis-
sion plasma ACE2 in COVID-19 patients was associated 
with increased maximal illness severity within 28 days thus 
the study suggests that measuring plasma ACE2 is poten-
tially valuable in predicting COVID-19 outcomes.49 Similar 
results were reported on COVID-19 severity and the degree 
of ACE2 level.47,50-52

Therefore, increased level of ACE2 could be a result of 
increased ACE2 shedding due to lysis of ACE2-expressing 
cells due to severe Lung Infection, thus the level increases with 
the severity of Lung involvement.36,49,53 This is also consistent 
with the association between ACE2 level and Length of stay 
that we found in our cohort.

Table 3. Comparison of ACE2 level between Control and COVID-19 
group in association with different clinical parameters.

ACE2 (NG/Ml) (MEAN ± SEM)

PARAMETER CONTROl COVID-19 P-VAlUE

RS 2.4 ± 0.91 1.0 ± 0.20 .0253

CVS 1.3 ± 0.14 1.0 ± 0.15 .0194

HTN 1.8 ± 0.31 1.3 ± 0.13 .2380

DM 1.9 ± 0.24 1.6 ± 0.20 .3532

OTHER DISEASES 3.0 ± 0.95 1.9 ± 0.39 .7004

SMOKING 1.3 ± 0.17 1.0 ± 0.20 .5358

ACE DRUGS 1.7 ± 0.31 1.9 ± 0.41 .9597

Table 4. Association of ACE2 level with variable clinical parameters in 
COVID-19 group.

PARAMETER ACE2 (NG/Ml) (MEAN ± SEM) COVID-19 
PATIENTS

yES NO P-VAlUE

Critically ill 2.4 ± 0.45 1.2 ± 0.18 .0017

Deaths 2.1 ± 0.34 1.3 ± 0.14 .0230

FEMAlE 1.7 ± 0.20 1.3 ± 0.20 .2449

Respiratory diseases* 1.0 ± 0.20 1.6 ± 0.15 .2935

CVS diseases** 1.0 ± 0.15 1.7 ± 0.18 .0149

HTN 1.3 ± 0.13 1.7 ± 0.25 .3439

DM 1.6 ± 0.20 1.4 ± 0.20 .3628

OTHER DISEASE 1.9 ± 0.39 1.4 ± 0.14 .0640

SMOKING 1.0 ± 0.20 1.5 ± 0.15 .8911

ACE/ARB DRUGS 1.9 ± 0.41 1.4 ± 0.14 .2176

Respiratory diseases*: Chronic obstructive pulmonary disease (COPD), Asthma, 
Respiratory allergies, Occupational lung diseases, Sleep apnea syndrome.
Cerebrovascualr System diseases**: Coronary artery disease, Pulmonary 
embolism, Ischemic Heart Disease, Heart failure, Valvular Heart Disease, 
Peripheral vascular disease, Stroke.
Other Diseases: Chronic kidney disease, Acute kidney injuiry, liver cirrhosis, 
Different cancers, Rheumatological disease.
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Circulating ACE2 level is usually low in normal persons54,55 
and increases in association with different cardiovascular disor-
ders, such as atrial fibrillation, heart failure, hypertension, and 
aortic stenosis.54-56 These data suggest that elevated circulating 
ACE2 may predispose patients to severe COVID-19 and that 
SARS-CoV-2 infection can further increase ACE2 levels.57 In 
our cohort, COVID-19 positive patients had a slightly signifi-
cantly higher level of ACE2 than the control group, we believe 
that the cardiovascular disease might have rendered the patients 
susceptible to infection or affected their prognosis.

The impact of age and gender was investigated on circulating 
ACE2 with conflicting reports, a strong relationship with age has 
been reported.49,58 in contrast, another study found no association 
between age and ACE2 levels.48 Male patients demonstrated 
higher baseline ACE2 levels, predominately in the critically ill 
group.48,52,59 We could not demonstrate any significant association 
with the age or gender of either the control or the COVID-19 
group. We think that the younger average age in our cohort may 
have contributed to our results. 

Limitation of the study and future studies

The number of critically ill patients and the number of survi-
vors were small. Therefore, it is difficult to generalize the find-
ings. In addition, multiple samples taken from the same 
patient at different time points must also be examined to con-
firm the reproducibility of the findings and consistency and 
stability of the altered levels of circulating ACE2 in critically 
ill patients. In addition, ACE2 levels were studied for positive 
patients after COVID-19 diagnosis by PCR, so we don’t know 
the levels of ACE2 at the beginning of symptoms before PCR.

In the future, to improve the outcomes of studies we suggest 
large number of COVID 19 positive patients and control 
group, and to enroll the positive patients with symptoms near 
to the date of COVID-19 swab.

Conclusion
There was no significant difference between the COVID-19 
and Control group, however, ACE2 serum level was signifi-
cantly higher in patients with COVID-19 who were critically 
ill or non-survivors, its increased level is also associated with 
length of stay. Elevated ACE2 level is associated with the 
severity of COVID-19 disease, and it has the potential to be a 
predictor of the severity of the disease. Further clinical studies 
investigating the association of ACE2 level with severity and 
course of the disease are required.
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