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Abstract 
Introduction: Reverse transcriptase polymerase chain reaction tests and thoracic tomography have been widely employed in the diagnosis of 
the disease, but doubts about their sensitivity still persist. Also there are controversial results about ACE2 and AngII levels according to the 
severity of disease. In this study, we aimed to analyze the ACE2 and AngII levels in patients with suspected COVID-19 based on polymerase 
chain reaction test results and thoracic tomography findings and to examine their relationship with disease severity. 
Methodology: Patients with suspected COVID-19 in the emergency department were divided into 4 groups according to thoracic tomography 
findings and PCR test results. The in-hospital mortality of patients was recorded. ACE2 and AngII levels in patients were analyzed according 
to groups and severity of the disease. 
Results: ACE2 levels for the patients with suspected COVID-19 were significantly lower than in the control group, but AngII levels were 
higher (not statistically significant). The mean age and male sex ratio of patients who developed acute respiratory distress syndrome (ARDS) 
and died were significantly higher than those who survived. Whereas there was no difference in ACE2 levels in patients with severe diseases 
such as ARDS and mortality, their AngII levels were significantly lower. 
Conclusions: It can be suggested that decreased ACE2 levels combined with increased AngII levels are determinative at disease onset and in 
the development of lung damage. However, decreased AngII levels are more determinative in patients with severe diseases such as ARDS and 
mortality. 
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Introduction 

Coronavirus disease 2019 (COVID-19) caused by 
severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2), which emerged in the Wuhan province 
of China in December 2019, and was declared as a 
pandemic by the World Health Organization in March 
2020, has caused devastation worldwide [1,2]. 
Although the reverse transcriptase polymerase chain 
reaction (RT-PCR) test is routinely used in the 
diagnosis of the disease, doubts about its sensitivity 
persist [3,4]. Thoracic tomography has been widely 
employed in the diagnosis of the disease and examining 
pulmonary findings, especially during the early stages 
of the disease [5]. Patients with COVID-19 experience 
diverse symptoms from asymptomatic/mild to severe 

and even death. Pneumonia and acute respiratory 
distress syndrome (ARDS) are the most important 
findings related to the severity of the disease. The 
incidence of ARDS in patients was reported to be 
15.6%–48%, whereas the intensive care admission rate 
was 26%–31.7% and the mortality rate was 7.5%–15% 
[6-10]. 

The renin angiotensin system (RAS) plays a crucial 
role in the onset and prognosis of the disease. RAS is 
composed of the classical and counter-regulatory (non-
classical)/vasodilator pathways. The classical pathway 
is governed by angiotensin-converting enzyme (ACE), 
angiotensin II (AngII), and angiotensin type I receptors, 
causing vasoconstriction, cell proliferation, organ 
hypertrophy, sodium retention, and aldosterone release. 
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In contrast, the non-classical pathway that causes 
vasodilation, antiproliferation, anti-hypertrophy, and 
cardio and renoprotective effects, is governed by 
angiotensin-converting enzyme II (ACE2), angiotensin 
(1-7), and the mas-receptor [11]. ACE2 is a member of 
the membrane-bound carboxypeptidase hormone 
family and is found in the heart, kidney, small intestine, 
and lungs. It is released by the lungs from type 2 
alveolar cells, macrophages, and tracheobronchial 
epithelial cells [12,13]. 

ACE2 has recently attracted attention owing to its 
role in severe ARDS induced by the severe acute 
respiratory syndrome coronaviruses (SARS-CoV and 
SARS-CoV-2) [14,15]. At present, it is established that 
transmembrane protease serine 2-mediated separation 
of the spike protein of homotrimeric SARS-CoV-2 and 
its S1/S2 subunit has a major role in the entry of the 
virus into the target cell [16]. The binding of SARS-
CoV-2 to ACE2 and its entry into the cell are key steps 
in the initiation of the infection. This process causes a 
decrease in plasma membrane ACE2 level and an 
increase in the ACE/AngII/AT1 receptor axis, which is 
the other pathway of RAS, and thus the harmful effects 
of the disease are triggered [17]. 

In our study, we aimed to analyze the ACE2 and 
AngII levels in patients with suspected COVID-19 
according to PCR test results and thoracic tomography 
findings and to examine the correlation between their 
expression level and the severity of the disease. 

 
Methodology 
Study Population and Design 

We conducted prospective observational study of 
adult COVID-19 patients diagnosed, hospitalized and 
followed up at Istanbul University-Cerrahpasa Hospital 
between April 1 and June 1, 2020. All patients aged ≥ 
18 years who presented to the emergency department 
and suspected to have COVID-19 were included in our 
study. 

 
Data Collection 

Nasopharyngeal swab samples of all included 
patients were processed for detection of SARS-CoV-2 
virus by RT-PCR. Samples for total blood count, 
biochemical tests, and arterial blood gas were collected 
from the patients at admission. In addition, samples 
were taken for ACE2 and AngII tests and stored at -80 
oC until the analysis. Patients' age, sex, admission 
complaints, vital signs, PCR test results, and 
tomography findings were recorded.  

The patients were divided into 4 groups according 
to thoracic tomography findings and PCR test results, 

as follows: Group 1, or the control group, included 
patients with a negative PCR test results and normal 
thoracic tomography findings; Group 2 included 
patients with a negative PCR test results but with 
findings indicative of COVID-19 in thoracic 
tomography [PCR(-)CT(+)]; Group 3 included patients 
with a positive PCR test results but normal thoracic 
tomography [PCR(+)CT(-)]; and Group 4 was 
composed of patients with a positive PCR test results 
with findings suggestive of COVID-19 in thoracic 
tomography [PCR(+)CT(+)].  

Patients were also divided into two groups 
according to the development of ARDS and in-hospital 
mortality. Berlin diagnostic criteria were used for the 
diagnosis of ARDS in patients. 

Patients’ ACE2 and AngII levels were analyzed 
according to tomography findings, PCR results, and 
severity of the disease. 

 
Serum ACE2 and Angiotensin II Measurement 

Human ACE II ELISA kit (Elabscience 
Biotechnology Inc, Catalog No: E-EL-H0281, 
Houston, Texas, USA) was used to measure ACE2 
levels, which was based on the sandwich enzyme-
linked immunosorbent assay (ELISA) method. This 
method was applied according to the manufacturer’s 
recommendations. The within-study and between-study 
coefficient of variation (CV) levels were 10.4% and 
11.5%, respectively. The results for ACE2 were 
provided in ng/mL. The detection range of the kit was 
0.39–25 ng/mL, and its sensitivity was 0.23 ng/mL. 

Human AngII ELISA kit (Elabscience 
Biotechnology Inc. Catalog No: E-EL-H0326, 
Houston, Texas, USA) was used to measure serum 
AngII levels, which was based on the competitive 
ELISA method. The method was applied according to 
the manufacturer's recommendations. Within-study and 
between-study CV were 10% and 95% for AngII, 
respectively. The values for AngII were provided in 
pg/mL. The detection range of the test kit was 31.25–
2,000 pg/mL, and its sensitivity was 18.75 pg/mL. 

 
Statistical Analysis 

SPSS 20.0 software was used for statistical 
analyses. Frequency (n) and percentage (%) were 
employed for descriptive statistics. Mean ± standard 
deviation (SD) was used for numerical data, whereas 
median and minimum-maximum (min-max) values 
were used for the basic data elements. Kolmogorov-
Smirnov test was used to analyze the normal 
distribution of data. Student’s t-test was used for 
comparison of 2 independent groups that distributed 
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normally, one-way analysis of variance test for 
comparison of more than 2 groups, and Tukey’s test for 
posthoc analysis. Mann–Whitney U test was used for 
comparison of 2 independent groups that did not 
comply with normal distribution, Kruskal-Wallis test 
for comparison of more than 2 groups, and Mann–
Whitney U test for posthoc analysis. Chi-square test 
was used for comparison of categorical data. p < 0.05 
was considered statistically significant. 

 
Ethics approval 

This study was approved by the Clinical Research 
Ethics Committee of Istanbul University-Cerrahpasa, 
Cerrahpasa Faculty of Medicine (dated 05/06/2020 and 
numbered 68359). 

 
Results 
Demographics and Clinical Characteristics of the 
Disease 

A total of 243 patients, 18 of whom were grouped 
as control and 225 were grouped as patients, were 
included in the study, based on their thoracic 
tomography findings and PCR test results. The mean 
age of patients was 60.77 ± 14.90 years, and 52.7% of 
them were males. The mean age of the PCR(+)CT(-) 
patient group was found to be significantly lower than 
that of the others. The most common complaints at 
presentation were cough (65.3%), weakness (54.5%), 

and fever (47.9%); shortness of breath was significantly 
higher in the CT(+) patient groups. Further, respiratory 
rate (RR) was significantly higher, whereas oxygen 
saturation (SpO2) was significantly lower in the CT(+) 
patient groups. Mortality and ARDS observed were the 
highest in the PCR(+)CT(+) patient group, while 
mortality and ARDS was not observed in the 
PCR(+)CT(-) and control group patients (Table 1). 
While lung involvement was higher in elderly patients, 
the rate of PCR test positivity was higher in younger 
patients without lung involvement. 

The mean age of the patients with ARDS was 
higher. Also, male sex ratio was significantly higher in 
patients with ARDS and patients who did not survive. 
Whereas the SpO2 levels were significantly lower in 
patients with ARDS and non-survived, the RR was 
significantly higher (Table 2). Lung involvement and 
accordingly ARDS development and mortality rate 
were found to be higher in older aged patients. 

 
ACE2 and ANGII levels in Diagnosis and Course of the 
Disease 

ACE2 and AngII levels in the control group were 
118.49 ± 40.70 ng/mL and 514.30 ± 478.45 pg/mL, 
respectively. The PCR(+)CT(+) patients group had the 
lowest ACE2 (93.85 ± 29.95 ng/mL) and the highest 
AngII (621.86 ± 513.56 pg/ml) levels.  
  

Table 1. Demographics, clinics, and laboratory parameters of patients. 

 PCR(-)CT(-) PCR(-)CT(+) PCR(+)CT(-) PCR(+)CT(+) Total p n = 18, 7.4% n = 84, 34.7% n = 11, 4.5% n = 129, 53.3 n = 243 
Age, mean ± SD 59.00 ± 16.47 62.58 ± 13.37 44.55 ± 19.84 61.14 ± 14.53 60.77 ± 14.90 0.002* 
Sex 
Male 9 (3.7%) 43 (17.8%) 4 (1.7%) 71 (29.3%) 128 (52.7%) 0.674 Female 9 (3.7%) 41 (16.9%) 7 (2.9%) 58 (24%) 115 (47.3%) 
Admission complaint, n (%) 
Fever 10 (4.1%) 37 (15.3%) 4 (1.7%) 65 (26.9%) 116 (47.9%) 0.620 
Weakness 11 (4.5%) 50 (20.7%) 4 (1.7%) 67 (27.7%) 132 (54.5%) 0.402 
Cough 11 (4.5%) 52 (21.5%) 6 (2.5%) 89 (36.8%) 158 (65.3%) 0.593 
Dispnea 2 (0.8%) 31 (12.8%) 5 (2.1%) 66 (27.3%) 105 (43%) 0.026* 
Myalgia 7 (2.9%) 29 (12%) 5 (2.1%) 66 (27.3%) 107 (44%) 0.115 
Vital Signs, Median (min–max) 
Fever 36.7 (36–38.5) 37 (35.7–40) 36.3 (36–37.7) 37 (35.4–39.1) 37 (35.4–40) 0.070 
RR 22 (18–28) 24 (18–40) 22 (16–30) 24 (18–40) 24 (16–40) 0.041* 
SBP, mmHg 120 (90–150) 126 (80–200) 110 (87–132) 125 (75–180) 120 (75–200) 0.060 
DBP, mmHg 76 (44–110) 80 (45–103) 70 (58–90) 75 (50–120) 76 (44–120) 0.444 
SpO2 97 (90–98) 95 (83–99) 97 (88–99) 94 (78–99) 95 (78–99) 0.003* 
Laboratory parameters, mean ± SD 
WBC, 103/µL 8.70 ± 3.37 7.61 ± 3.64 5.90 ± 2.11 6.97 ± 3.40 7.27 ± 3.47 0.020* 
Lymph, 103/µL 1.79 ± 0.79 1.42 ± 0.84 1.70 ± 0.94 1.32 ± 0.75 1.41 ± 0.80 0.041* 
CRP, mg/L 46.09 ± 55.71 63.51±66.71 32.78 ± 83.07 62.50 ± 67.07 60.28 ± 66.82 0.006* 
Ferritin, ng/ml 203.97 ± 225.07 411.45 ± 485.18 164.45 ± 168.84 412.28 ± 435.56 385.20±437.80 0.010* 
D-dimer, mg/L 2.90 ± 4.54 3.29 ± 7.90 0.75 ± 0.69 2.28 ± 7.26 2.61 ± 7.15 0.292 
Outcome, n (%) 
ARDS - 12 (27.9%) - 31 (72.1%) 43 (17.8) 0.015* 
Mortality - 6 (22.2%) - 21 (77.8%) 27 (11.2%) 0.038* 

ARDS: acute respiratory distress syndrome; SD: standart deviation; RR: respiratory rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; SpO2: 
oxygen saturation; WBC: white blood cells; Lymph: lymphocyte count; AST: aspartate aminotransferase; ALT: alanine aminotransferase; CRP: C-reactive 
protein; *: p < 0.05. 
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Table 2. Comparison of patients data according to the disease course. 

 
ARDS  Mortality  

Yes No p Yes No p n = 43 (19.2%) n = 181 (80.8%) n = 27 (12.1%) n= 197 (87.9%) 
Age 69.51 ± 11.06 58.81 ± 14.88 < 0.001* 70.15 ± 9.58 59.59 ± 14.97 < 0.001* 
Sex 
Male 30 (69.8%) 88 (48.6%) 0.020* 19 (70.4%) 99 (50.3%) 0.046* Female 13 (30.2%) 93(51.4%) 8 (29.6%) 98(49.7%) 
Vital Signs 
RR 26 (18–40) 22 (16–40) < 0.001* 28 (18–40) 22 (16–40) < 0.001* 
SBP, mmHg 136 (75–180) 120 (80–200) 0.080 130 (75–180) 120 (80–200) 0.473 
DBP, mmHg 70 (45–100) 77 (50–120) 0.368 70 (45–100) 76 (44–120) 0.160 
SpO2 89 (78–95) 95 (84–99) < 0.001* 87 (78–95) 95 (84–99) < 0.001* 
Laboratory Parameters, mean ± SD 
WBC, 103/µL 7.60 ± 3.79 7.05 ± 3.64 0.196 7.96 ± 4.24 7.04 ± 3.34 0.156 
Lymph, 103/µL 0.91 ± 0.61 1.49 ± 0.80 < 0.001* 0.83 ± 0.71 1.45 ± 0.78 < 0.001* 
AST, IU/L 70.16 ± 86.68 33.06 ± 29.02 < 0.001* 79.64 ± 105.41 34.78 ± 30.16 < 0.001* 
ALT, IU/L 39.03 ± 47.86 30.06 ± 32.66 0.593 45.28 ± 54.87 29.93 ± 32.51 0.139 
Urea, mg/dL 46,97±18,79 33,65±16.12 < 0.001* 48,37±19.90 34.54±16.44 0.006* 
Creatinine, mg/dL 1.09 ± 0.35 0.93 ± 0.30 0.002* 1.12 ± 0.36 0.94 ± 0.30 0.018* 
CRP, mg/L 103.48 ± 75.49 51.43 ± 61.92 < 0.001* 112.01 ± 73.89 54.48 ± 64.01 < 0.001* 
Ferritin, ng/mL 804.01 ± 618.31 303.77 ± 333.29 < 0.001* 751.54 ± 611.37 351.59 ± 399.17 < 0.001* 
D-dimer, mg/L 5.44 ± 12.34 1.90 ± 5.38 < 0.001* 6.58 ± 15.08 2.03 ± 5.26 < 0.001* 

ARDS: acute respiratory distress syndrome; SD: standard deviation; RR: respiratory rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; SpO2: 
oxygen saturation; WBC: white blood cells; Lymph: lymphocyte count; AST: aspartate aminotransferase; ALT: alanine aminotransferase; CRP: C-reactive 
protein; *: p < 0.05. 

Figure 1. a: Mean ACE2 levels in patients with PCR(-)CT(-), PCR(-)CT(+), PCR(+)CT(-), and PCR(+)CT(+) were 118.49 ± 39.94 ng/mL, 
94.01 ± 27.28 ng/mL, 99.38 ± 27.08 ng/mL, and 93.85 ± 29.95 ng/mL, respectively. b: Mean AngII levels in patients with PCR(-)CT(-), 
PCR(-)CT(+), PCR(+)CT(-), and PCR(+)CT(+) were 514.30 ± 465.30 pg/mL, 566.94 ± 445.69 pg/mL, 530.63 ± 339.78 pg/mL, and 621.86 
± 513.56 pg/mL, respectively. 



Ipekci et al. – ACE2 and ANGII levels in COVID-19      J Infect Dev Ctries 2022; 16(3):427-434. 

431 

Low ACE2 levels were significant (p = 0.044), but 
higher AngII levels were not significant (p = 0.244) in 
patient groups (Figure 1). Low ACE2 levels in patients 
with CT positive may provide important information 
about the lung involvement of the disease. 

ACE2 levels of patients with ARDS was higher, but 
was not significant. However, AngII levels of patients 
with ARDS were significantly lower than those without 
ARDS (Figure 2). Low AngII levels in patients who 
develop ARDS may be due to factors such as protein 
degradation or multi-organ involvement in these 
patients.  

ACE2 levels in non-survived patients were higher, 
but were not significant. However, AngII levels in non-
survived patients were significantly lower than in 
patients who survived (Figure 3). 

Discussion 
In our study, ACE2 levels were significantly lower 

and AngII levels were higher, although not significant, 
in patients with findings consistent of COVID-19 in 
thoracic tomography and/or patients with a positive 
PCR test when compared with the control group. 
Whereas there was no significant difference in ACE2 
levels of patients who developed ARDS and died, their 
AngII levels were significantly lower. 

The binding of SARS-CoV-2 virus to ACE2 
receptors in the airway epithelium and its entry into the 
cell is the most important step in the onset of COVID-
19, lung damage, and the spread of the infection in the 
body [16,18,19]. Although it has been suggested that a 
decreased ACE2 level, impaired RAS functioning, and 

Figure 2. a: Mean ACE2 levels of patients with and without 
ARDS were 97.74 ± 33.93 ng/mL and 95.60 ± 29.55 ng/mL. b: 
Mean AngII levels of patients with and without ARDS were 
467.21 ± 278.24 pg/mL and 617.18 ± 509.03 pg/mL. 

Figure 3. a: Mean ACE2 levels of patients who non survived 
and survived were 92.63 ± 34.98 ng/mL and 96.42 ± 29.71 
ng/mL. b: Mean AngII levels of patients who non survived and 
survived were 432.08 ± 251.81 pg/mL and 611.29 ± 498.14 
pg/mL. 
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an increased AngII level in patients with COVID-19 are 
associated with respiratory failure symptoms, lung 
damage, and virus load, conflicting results have been 
obtained in previous studies [20-24]. In studies by Liu 
Y et al. involving 12 patients and by Wu Z et al. 
involving 82 patients, higher plasma AngII levels were 
found in patients infected with SARS-CoV-2 when 
compared to the control group. In addition, a 
relationship between AngII levels and viral load and 
lung damage was found in these patients [20,21]. In 
contrast, in a study by Henry BM et al. on 30 patients, 
which was presented as a preliminary report, there was 
no difference between AngII levels of patients with 
COVID-19 and that of the control group. Moreover, 
there was no difference between AngII levels of 
patients with and without ICU admission [22]. In a 
study by Rieder M et al. on 24 patients the difference 
was not significant when compared with the control 
group values, although ACE2 levels were lower and the 
AngII levels were higher in the patients with COVID-
19 [23]. Kintscher et al. did not find any difference in 
the AngII/AngI ratio [24]. Consistent with the 
aforementioned differences, ACE2 levels were lower in 
patients with positive PCR tests and/or findings 
suggestive of COVID-19 in thoracic tomography in our 
study, supporting that the SARS-CoV-2 virus binds to 
ACE2 receptors. However, the values of the 
PCR(+)CT(+) and PCR(-)CT(+) patient groups were 
significantly lower than levels of the others showing 
that ACE2 also plays an important role in lung damage. 
Furthermore, in PCR(+) patients and/or patients with 
findings consistent with COVID-19 in thoracic 
tomography, AngII levels were not significantly higher, 
indicating that AngII is not a strong marker as ACE2 in 
the early stages of the disease. 

ARDS, a destructive inflammatory lung disease 
causing hypoxia, decreased lung compliance, multiple 
organ failure, and high mortality is the most important 
cause of mortality in SARS-CoV and SARS-CoV-2 
infections. The condition is pathologically 
characterized by diffuse alveolar damage, increased 
alveolar-capillary permeability, pulmonary endothelial 
dysfunction, and epithelial damage and increased 
cytokine and interleukin release [25-27]. In 
experimental studies in which ARDS was induced with 
viruses, liposaccharides, and endotoxins, it was found 
that acute lung injury and ARDS were more severe in 
cases of reduced ACE2 release and ACE2 deficiency 
[26,28-30]. Even recombinant human ACE2, rhACE2, 
have been reported to be beneficial [31]. AngII level 
reportedly increases due to the hike in ACE activity in 
some studies and decrease in ACE2 in some others, and 

this is associated with poor prognosis [26,29-30]. 
Studies have documented that ACE insertion/deletion 
polymorphism might be associated with ARDS severity 
[32]. Researchers have identified that endothelial 
damage in sepsis, vasodilator shock, and ARDS causes 
decreases in ACE activity and its capacity of converting 
AngI to AngII, and an increase in the AngI/AngII ratio. 
Nevertheless, lower AngII levels are related to 
increased mortality [33-37]. AngII was approved by the 
American Food and Drug Administration in 2017 for 
vasodilator shock therapy and was considered effective 
in treating vasodilator shock and reducing the duration 
of renal replacement therapy in patients in the ATHOS-
3 study [38]. It has been reported in the treatment of 
vasodilator shock in patients with COVID-19 that the 
target mean arterial pressure was achieved faster and 
oxygenation was improved [39-41]. In our study, 
whereas there was no significant difference in the 
ACE2 levels in patients with severe disease including 
ARDS and mortality, AngII levels were found to be 
significantly lower in these patients. ACE1 and ACE2 
are cell-associated enzymes released from the lung 
endothelial and epithelial cells. Also, cell-associated 
ACE has a significantly higher catalytic activity than 
ACE in circulation [42]. In patients with ARDS, the 
endothelial dysfunction and epithelial damage were 
higher in the lung, resulting in affected the ACE1 and 
ACE2 level. A decrease in ACE1 level with ACE2 level 
can lead to decrease in AngII level. Also, measuring 
angiotensin II levels is difficult because of the protein 
degradation. However, sampling time and strategy, 
measuring technique, and use of ELISA kits may be a 
contributing factor for different AngII levels in 
literature. All of these reasons may have been a 
confronting factor of our results in patient with ARDS 
and non-survivors. We suggest that multi-organ 
involvement and effect of ACE release in patients with 
a severe prognosis of the disease are responsible for the 
decrease in AngII levels.  

There are several limitations in our study. The most 
important is that ACE and AngI enzyme values, which 
are key parameters of the RAS system, were not 
measured. Other limitations include the fact that 
medications and comorbidities were not specified in 
detail and that the time elapsed since the onset of the 
disease could not be fully determined, as well as the 
limited number of patients due to limited funding, and 
the fact that it was a single-center study. 

 
Conclusions 

Based on the findings, we suggest that decreased 
ACE2 levels at the onset of the disease and in the 
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development of lung damage are more effective when 
compared to increasing AngII levels. However, 
decreased AngII levels are more determinative in 
patients with severe disease, including ARDS and 
mortality. Therefore, further studies, in which all 
factors in the RAS mechanism are collectively 
evaluated, are required to fully understand the 
mechanisms related to COVID-19 and its severity. 
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