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Abstract 

Background:  Activation of the vasopressin system plays a key role for the maintenance 
of osmotic, cardiovascular, and stress hormone homeostasis during disease. We inves-
tigated levels of copeptin, the C-terminal segment of the vasopressin prohormone, that 
mirrors the production rate of vasopressin in patients infected with severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2).
Methods: We measured levels of copeptin on admission and after days 3/4, 5/6, and 7/8 
in 74 consecutive hospitalized adult COVID-19 patients and compared its prognostic ac-
curacy to that of patients with community-acquired pneumonia (n = 876) and acute or 
chronic bronchitis (n = 371) from a previous study by means of logistic regression ana-
lysis. The primary endpoint was all-cause 30-day mortality.
Results:  Median admission copeptin levels in COVID-19 patients were almost 4-fold 
higher in nonsurvivors compared with survivors (49.4 pmol/L [iterquartile range (IQR) 
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24.9–68.9 pmol/L] vs 13.5 pmol/L [IQR 7.0–26.7 pmol/L]), resulting in an age- and gender-
adjusted odds ratio of 7.0 (95% confidence interval [CI] 1.2–40.3), p < 0.03 for mortality. 
Higher copeptin levels in nonsurvivors persisted during the short-term follow-up. 
Compared with the control group patients with acute/chronic bronchitis and pneumonia, 
COVID-19 patients did not have higher admission copeptin levels.
Conclusions:  A pronounced activation of the vasopressin system in COVID-19 patients is 
associated with an adverse clinical course in COVID-19 patients. This finding, however, is 
not unique to COVID-19 but similar to other types of respiratory infections.

Key Words: biomarker, copeptin, COVID-19, 30-day mortality, prognostic markers, SARS-CoV-2

Since the beginning of this pandemic, the severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) has had 
a major impact on health systems worldwide. The high fa-
tality rate of hospitalized and especially ventilated patients 
with coronavirus disease 2019 (COVID-19) [1], and the 
continuing daily rise of confirmed cases are still alarming. 
Global research efforts are currently investigating both 
the physiopathology of SARS-CoV-2 as well as safe and 
effective treatment strategies and improved risk stratifi-
cation in COVID-19 patients. The pulmonary manifest-
ations of SARS-CoV-2 range from asymptomatic infection 
to severe pneumonitis and acute respiratory distress syn-
drome [2]. Various pathophysiological pathways such as 
direct viral toxicity, endothelial cell damage, and thrombo-
inflammation have been discussed [3–5]. Also, dysregulation 
of the immune response and the renin-angiotensin-
aldosterone-system has been identified as an important 
mechanism [6], since Angiotensin-converting-enzyme 2 
receptors—the entry mechanism of the virus—are ex-
pressed on multiple tissues [6]. In addition, a dysregulation 
of the osmotic system with hyponatremia has been de-
scribed in some cases [7, 8]. Arginine vasopressin (AVP), 
also known as antidiuretic hormone, plays a key role in 
different physiologic and pathologic processes by inducing 
water conservation by the kidney, thereby contributing to 
osmotic and cardiovascular homeostasis. Arginine vaso-
pressin is a potent stimulator of the adreno-corticotrophic 
hormone and pivotal for the endocrine stress response [9]. 
It also has hemostatic and central nervous system effects 
and could be implicated in the course of disease caused by 
SARS-CoV-2. However, to our knowledge, there is a lack of 
studies systematically investigating the role of copeptin in 
predicting worse prognosis in patients with COVID-19, as 
already investigated in other cohorts.

Herein, we aimed to compare levels of copeptin—
the stable prehormone of vasopressin—in patients with 
COVID-19 with those of patients with other types of re-
spiratory infections and to investigate its association with 
30-day mortality.

Materials and Methods

Study design and setting

This prospective observational study included consecutively 
hospitalized adult patients (≥18 years) admitted during the 
1st wave due to confirmed SARS-CoV-2 infection at the 
Cantonal Hospital Aarau, a tertiary care medical center 
in Switzerland, between February 26, 2020, and April 30, 
2020. Written general informed consent was provided from 
all analyzed patients. The study was approved by the local 
ethical committee (EKNZ, 2020-01306) and performed 
in conformance with the Declaration of Helsinki ethical 
guidelines.

Baseline characteristics of is cohort has been published 
recently, including a detailed description of the study meth-
odology [10]. In brief, COVID-19 was defined by a positive 
real-time reverse transcription polymerase chain reaction 
taken from nasopharyngeal swabs or lower respiratory tract 
specimens, according to the World Health Organization 
(WHO) guidelines [11]. Most patients presented with typ-
ical clinical symptoms (eg, respiratory symptoms with or 
without fever, and/or pulmonary infiltrates, and/or an-
osmia/dysgeusia). All data of interest was assessed as part 
of the clinical routine during hospitalization.

Data collection

Clinical information, including demographics and 
comorbidities, pre-existing medical prescriptions, and 
COVID-19-specific in-patient medication were assessed 
until hospital discharge or death and extracted from the 
electronic health records. Experimental antiviral treat-
ment was recorded if given, and included at this time 
was hydroxychloroquine (alone or in combination with 
azithromycin) and occasionally tocilizumab. Comorbidities 
were also assessed via chart review and based on 
International Statistical Classification of Diseases and 
Related Health Problems codes (ICD-10). Subsequently, 
patient outcomes, including admission to the intensive care 
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unit (ICU), length of hospital stay, and length of ICU stay 
were collected via chart review. Thirty-day mortality was 
collected by abstraction of hospital records. Laboratory 
test results were available according to clinical routine. 
Copeptin was batch-tested later and was therefore not avail-
able to the treating team during the index hospitalization.

Control group

We used patients with confirmed community-acquired 
pneumonia or acute and chronic bronchitis included in a 
previous prospective study as a control group [12–14]. In 
brief, from October 2006 to March 2008, consecutive pa-
tients with respiratory infection from 6 different hospitals 
located in the northern part of Switzerland were included 
and prospectively followed for the assessment of mortality 
and other endpoints. Within this previous study, copeptin 
levels were measured on admission in all patients to under-
stand its prognostic significance regarding 30-day mortality.

Endpoint and study objective

The primary endpoint of the current study was all cause 
30-day mortality. For both the COVID-19 patients and the 
control group, we assessed vital status 30  days after ad-
mission by abstraction of hospital records and systematic 
telephone interviews with patients, their families, or their 
primary care physicians.

Measurements of copeptin

Following hospital admission, plasma and serum sam-
ples were collected in BD Vacutainer Heparin and serum-
separating tube (SST)‌ tubes, and leftover samples were 
stored at -80°C until analysis. Results from routine labora-
tory tests were recorded. Copeptin was assessed in batch 
using a commercially available automated fluorescent 
sandwich immunoassay (BRAHMS KRYPTOR; Thermo 
Fisher Scientific, Hennigsdorf‌, Germany), as described in 
detail elsewhere [15, 16]. The immunoassay has a limit 
of detection of 0.9 pmol/L, and the functional assay sen-
sitivity—defined as concentration with an interassay coef-
ficient of variation of <20%—was 2.0 pmol/L. Values for 
the analytes followed Gaussian distribution in healthy in-
dividuals without significant difference between males and 
females, as listed in the assay documentation. Laboratory 
technicians measuring copeptin were blinded to patient 
characteristics and study details.

For the SARS-CoV-2-affected patients, different 
timepoints during hospitalization were analyzed, namely 
T0 (initial blood draw upon hospital admission), T1 (day 

3/4), T2 (day 5/6), and T3 (day 7/8). For the control group, 
blood samples for biomarker measurement were upon hos-
pital admission. Copeptin levels for these patients were 
batch-measured in plasma with sandwich immunoassays 
(KRYPTOR; Thermo Scientific) [13].

Statistical analyses

Discrete variables are expressed as frequency (%) and con-
tinuous variables are expressed as medians with interquar-
tile ranges (IQR) or mean with standard deviation (SD). 
A  multivariable logistic regression model was used to 
examine the association of copeptin levels with the primary 
endpoint. As predefined, regression models were adjusted 
for age, gender (Table 3, Model 1), and, additionally, so-
dium concentration at admission, cancer, coronary artery 
disease, chronic kidney disease, diabetes and glucose con-
centration at admission (Table 3, Model 2). The odds ratios 
(ORs) and corresponding 95% confidence intervals (CIs) 
were reported as a measure of association and C-statistics 
(area under the operating receiver curve [ROC-AUC]) as 
a measure of discrimination. We also validated the prog-
nostic value of different predefined copeptin cutoffs to 
predict all-cause 30-day mortality, which were based on 
distribution in the analyzed study population. A  2-sided 
p-value of <0.05 was considered significant. Statistical ana-
lysis was performed using Stata 15.1 (StataCorp, College 
Station, TX, USA).

Results

Overall, 103 patients with confirmed COVID-19 (74 were 
admitted directly and 29 were transferred from other hos-
pitals) were eligible. Four patients were excluded from the 
analysis (decline of general consent). A further 25 cases had 
to be excluded because of missing aliquots for biomarker 
analysis (n = 9), or due to missing initial blood sampling 24 
hours from admission (n = 16). Thus, in total, 74 COVID-
19 patients were included in the final analysis. In addition, 
1247 control patients with a final diagnosis of pneumonia 
(n = 876) and acute or chronic bronchitis (n = 371) were 
included. Figure 1 provides an overview of the study flow.

Baseline characteristics

Table 1 shows patient demographics and comorbidities, 
as well as vital signs, laboratory findings, and outcomes 
within 30 days in all patients and stratified by type of re-
spiratory infection. Overall, patients with a diagnosis 
of COVID-19 were younger and more often male com-
pared with the control groups. Further, patients with 
COVID-19 had higher initial blood pressure values with 
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median systolic blood pressure of 141.5  mmHg (IQR 
126.0–156.0  mmHg) and a diastolic blood pressure of 
81.5 mmHg (IQR 72.0–88.0 mmHg) p < 0.01). COVID-
19 patients also had a higher prevalence of obesity (p = 
0.01) but a lower prevalence of chronic heart failure (p 
< 0.01), as well as of chronic obstructive pulmonary dis-
ease (p < 0.01) compared with non-COVID-19 patients, 
while no significant differences could be observed when 
comparing other comorbidities. Initial laboratory findings 
showed more severe deterioration in blood gas analysis, es-
pecially regarding PCO2- values in COVID-19 patients at 
ambient air as well as with initial O2-supply and for FiO2-
value compared with the other control patients (p < 0.01, 
each). Regarding 30-day outcomes, COVID-19 patients 
had higher rates of all-cause mortality and admission to the 
ICU (p < 0.01, each). Length of stay was slightly longer in 
COVID-19 patients (p = 0.09).

Association of admission copeptin levels and 
mortality at 30 days

Median admission copeptin levels in COVID-19 patients 
were almost 4-fold higher in nonsurvivors compared 
with survivors (49.4 pmol/L [IQR 24.9–68.9 pmol/L] vs 
13.5 pmol/L [IQR 7.0–26.7 pmol/L], p < 0.01). This was 
similar also among the other patient groups, where again 
nonsurvivors had significantly higher copeptin levels at 
admission compared with survivors. However, regarding 
admission copeptin, median levels were not higher in 
COVID-19 patients compared with non-COVID-19 pa-
tients (pneumonia and acute/chronic bronchitis patients) 

(18.6 pmol/L vs 22.1 pmol/L, p = 0.17). Table 2 gives 
an overview of copeptin median levels as well as groups 
stratified according to copeptin among the different types 
of infections.

For COVID-19 patients, the resulting age- and gender-
adjusted OR of admission copeptin was 7.0 (95% CI 
1.2–40.3, p < 0.03) and 5.3 (95% CI 0.7–40.8, p = 0.11) 
when additionally adjusted for sodium concentration 
at admission and different comorbidities (Table 3) for 
predicting 30-day mortality. For patients with pneumonia 
and acute or chronic bronchitis, copeptin, the association 
of copeptin levels, and mortality was even stronger and re-
mained significant in the fully adjusted multivariate ana-
lyses. Regarding discrimination, copeptin had accuracy for 
all groups, with highest AUC values for acute or chronic 
bronchitis (AUC 0.89) and for COVID-19 (AUC 0.81), and 
lower for pneumonia (AUC 0.73).

Prognostic accuracy of copeptin in COVID-19 at 
specific cutoff levels

In addition, the prognostic accuracy of copeptin for 
30-day mortality was analyzed for different cutoffs 
(Table 4). Based on the Youden’s index, we found an 
optimal cutoff at 20.0 pmol/L, which produced a sen-
sitivity to correctly predict 30-day mortality of 88.2% 
(95% CI 63.6–98.5%), and a specificity of 64.9% (95% 
CI 51.1–77.1%). Furthermore, the cutoff at 20.0 pmol/L 
revealed the highest negative predictive value of 94.9 
(95% CI 82.7–99.4%). The use of a lower cutoff at 
8.0 pmol/L showed a higher sensitivity of 94.1% (95% 

Patients hospitalized at the KSA 
with confirmed SARS-CoV-2 

between 26th of February and 30th

of April 2020
n=103

Patients with at least one 
measurement time point for 

biomarker analysis 
n=74

Excluded from the trial:
•Decline of general informed 
consent (n=4)
•No aliquots for biomarker 
analysis (n=9)
•No initial blood draw within 24 
hours from admission ( n=16)

Patients hospitalized through the 
emergency ward due to SARS-

CoV-2- infection
n=74

Transfer from other institution:
•Hospital in Ticino (n=1)
•Hospital in France (n=3)
•REHA (n=3)
•Other hospitals (n=22)

n=29

n=29

COVID-19

Patients hospitalized between 
October 2006 and march 2008 in 
different hospitals in Switzerland 

with a LRTI
n=1'302

Patients with LRTI analyzed as 
controls for this trial:

n=1'247

Excluded from the trial:
•Other infection, not specified 
(n=55)

Other respiratory infections

• Patients with pneumonia (n=876)
• Patients with acute or chronic bronchitis 

(n=371)

Figure 1.  Flow chart of the study. Abbreviations: COVID-19, coronavirus disease 2019; KSA, Kantonsspital Aarau (cantonal hospital Aarau); LRTI, 
Lower Respiratory Tract Infections; REHA, Rehabilitation‌; SARS-CoV-2, Severe acute respiratory syndrome coronavirus 2.
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Table 1.  Baseline characteristic and 30-day endpoints for the analyzed study population stratified by respiratory infections

Non-SARS-CoV-2 SARS-CoV-2 p-value a

 Pneumonia Acute or Chronic Bronchitis   

 n = 876 n = 371 n = 74  

Sociodemographics     
Age [years] median (IQR) 73.0 (59.0, 82.0) 73.0 (60.0, 81.0) 64.5 (57.0, 74.0) <0.01
Male gender, n (%) 361 (41.2) 168 (45.3) 47 (63.5) <0.01
Pre-existing risk factors and medication     
Active smoker, n (%) 219 (25.7) 123 (34.1) 4 (7.0) <0.01
Corticosteroid use, n (%) 69 (8.1) 69 (18.9) 1 (1.4) <0.01
Immunosuppressant, n (%) 14 (1.6) 3 (0.8) 3 (4.1) 0.07
Comorbidities     
Diabetes, n (%) 149 (17.0) 57 (15.4) 18 (24.3) 0.08
Cancer, n (%) 110 (12.6) 42 (11.3) 6 (8.1) 0.29
Coronary artery disease, n (%) 176 (20.1) 85 (22.9) 18 (24.3) 0.49
Chronic heart failure, n (%) 151 (17.2) 55 (14.8) 2 (2.7) <0.01
Solid organ transplant recipient, n (%) 2 (0.2) 1 (0.3) 0 (0.0) 0.67
Chronic kidney disease, n (%) 196 (22.4) 79 (21.3) 18 (24.3) 0.65
Liver cirrhosis, n (%) 19 (2.2) 4 (1.1) 0 (0.0) 0.24
Obesity (BMI > 30 kg/m2), n (%) 35 (17.7) 32 (18.4) 23 (31.1) 0.01
Initial vital signs     
Blood pressure, systolic [mmHg], median (IQR) 132.0 (119.0, 148.0) 138.0 (120.0, 150.0) 141.5 (126.0, 156.0) <0.01
Blood pressure, diastolic [mmHg], median (IQR) 74.0 (65.0, 82.0) 78.0 (66.2, 85.0) 81.5 (72.0, 88.0) <0.01
Pulse [bpm], median (IQR) 95.0 (82.0, 107.0) 90.0 (80.0, 101.0) 87.5 (77.5, 97.5) <0.01
Respiratory rate [breaths/min], median (IQR) 20.0 (16.0, 25.0) 20.0 (16.0, 26.0) 22.0 (18.0, 27.0) 0.27
Temperature [°C], median (IQR) 38.1 (37.2, 38.9) 37.3 (36.7, 38.1) 37.7 (37.2, 38.3) 0.47
Temperature > 38°C, n (%) 446 (50.9) 105 (28.3) 37 (50.0) 0.33
SpO2 [%], median (IQR) 93.0 (89.0, 96.0) 93.0 (89.0, 96.0) 93.0 (87.8, 95.3) 0.90
Initial laboratory findings     
Blood gas analysis for ambient air, n (%) 455 (54.9%) 198 (53.4%) 54 (73.0%)  
  PO2 [mmHg], median (IQR) 65 (57, 76) 66 (58, 76) 68 (61, 72) 0.99
  PCO2 [mmHg], median (IQR) 35 (31, 38) 36 (32, 41) 31 (29, 33) <0.01
  Lactate [mmol/l], median (IQR) 1.6 (1.0, 2.3) 1.4 (1.1, 1.6) 1.3 (0.9, 1.7) 0.05
  FiO2 [%], median (IQR) 21 21 21 N/A
Blood gas analysis for initial O2-supply, n (%) 421 (48.1%) 173 (46.6%) 20 (27.0%)  
  PO2 [mmHg], median (IQR) 60 (53, 70) 62 (53, 74) 65 (56, 75) 0.16
  PCO2 [mmHg], median (IQR) 35 (31, 39) 38 (34, 47) 32 (31, 35) <0.01
  Lactate [mmol/l], median (IQR) 1.3 (1.0, 1.8) 1.0 (0.9, 1.4) 1.2 (1.0, 1.5) 0.44
  FiO2 [%], median (IQR) 32 (28, 36) 28 (28, 36) 47 (32, 95) <0.01
Blood tests     
Leukocytes [G/L], median (IQR) 12.0 (9.0, 16.4) 9.7 (7.5, 13.3) 7.3 (4.6, 8.7) <0.01
Sodium [mmol/L], median (IQR) 136.0 (133.0, 138.0) 136.0 (134.0, 139.0) 136.0 (133.0, 139.0) 0.87
  Hyponatremia (<135 mmol/L), n (%) 422 (48.2%) 135 (36.4%) 32 (43.8%) 0.35
  Normonatremia (136–143 mmol/L), n (%) 432 (49.3%) 225 (60.6%) 41 (56.2%)  
  Hypernatremia (>143 mmol/L), n (%) 22 (2.5%) 11 (3.0%) 0 (0.0%)  
Osmolality [mosmol/kg], median (IQR) 287.1 (280.2, 294.1) 287.9 (282.3, 293.9) 285.8 (280.6, 292.0) 0.36
  Hypoosmolar (<280 mosmol/kg), n (%) 214 (24.4%) 53 (14.3%) 16 (21.6%) 0.79
  Normoosmolar (280–300 mosmol/kg) n (%) 563 (64.3%) 285 (76.8%) 52 (70.3%)  
  Hyperosmolar (>300 mosmol/kg), n (%) 99 (11.3%) 33 (8.9%) 6 (8.1%)  
Glucose [mmol/L], median (IQR) 7.1 (6.0, 8.5) 6.7 (5.8, 7.9) 6.7 (5.9, 8.6) 0.70
Urea [mmol/L], median (IQR) 7.1 (4.9, 10.5) 6.5 (4.4, 9.6) 5.9 (4.4, 9.4) 0.34
CRP [mg/L], median (IQR) 154.5 (74.2, 251.9) 41.0 (14.0, 98.4) 94.3 (49.9, 150.0) 0.10
PCT [µg/L], median (IQR) 0.46 (0.15, 2.66) 0.12 (0.08, 0.20) 0.11 (0.05, 0.26) <0.01
Creatinine[µmol/L], median (IQR) 89.0 (69.0, 113.0) 84.0 (66.0, 106.0) 91.0 (77.0, 115.0) 0.24
Copeptin [pmol/L], median (IQR) 25.0 (12.7, 51.05) 14.9 (6.9, 35.9) 18.6 (8.1, 40.0) 0.17
Outcomes within 30 days     
ICU care, n (%) 80 (9.1%) 13 (3.5%) 22 (29.7%) <0.01
30-day mortality, n (%) 49 (5.6%) 10 (2.7%) 17 (23.0%) <0.01
Length of stay [day], median (IQR) 8.0 (5.0, 13.0) 7.0 (3.0, 11.0) 9.0 (5.0, 14.0) 0.09

Abbreviations: BMI, body mass index; bpm, beats per minute; CRP, C-reactive protein; FiO2, fraction of inspired oxygen; ICU, intensive care unit; IQR, interquar-
tile range; min, minute; mmHg, millimeter of mercury; N/A, not applicable; PCO2, partial pressure of carbon dioxide; PCT, procalcitonin; PO2, partial pressure of 
oxygen; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SpO2, oxygen saturation.
aP-values are referring to SARS-CoV-2 vs non-SARS-CoV-2 (pneumonia + acute or chronic bronchitis).
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CI 71.3–99.9%) but a very low specificity with 29.8% 
(95% CI 18.4–43.4%). In contrast, a higher cutoff at 
40.0 pmol/L reached a high specificity of 86.0% (95% CI 
74.2–93.7%) but only a low sensitivity of 58.8% (95% 
CI 32.9–81.6%).

Kinetics of serial measurement of copeptin in 
SARS-CoV-2 infections

Figure 2 illustrates the kinetics of copeptin levels during 
the follow-up period stratified by survival status. Copeptin 
values were significantly higher in nonsurvivors at every 
timepoint measured compared with patients who survived. 
Notably, levels of copeptin in survivors remained in the 
lower range during the whole follow-up period, but were 
still in the nonphysiological range, whereas in nonsurvivors, 

values were high and reached the peak in the second half of 
hospitalization at days 5 and 6.

Discussion

The results of this prospective study comparing the levels 
of copeptin in patients with COVID-19 with those of pa-
tients with other types of respiratory infections, and among 
survivors and nonsurvivors has 2 main findings. First, we 
observed that admission levels of copeptin—a marker 
which mirrors activation of the vasopressin system and 
thus the individual stress response—were increased 4-fold 
in patients with a COVID-19 diagnosis who had a fatal 
outcome compared with survivors and were, therefore, 
strongly associated with 30-day mortality. This result 
also remained significant in statistical models adjusted for 

Table 2.  Copeptin values and different cutoffs stratified by the analyzed respiratory infections and by survivors and 

nonsurvivors

Pneumonia (n = 876) Acute or Chronic Bronchitis (n = 371) SARS-CoV-2 (n = 74)

 Survivors 
(n = 827)

Nonsurvivors 
(n = 49)

Survivors  
(n = 361)

Nonsurvivors 
(n = 10)

Survivors 
(n = 57)

Nonsurvivors 
(n = 17)

Copeptin values       
Copeptin overall 

[pmol/lL], 
median (IQR)

24.0 (12.4, 47.7) 70.4 (30.9, 152.0) 13.9 (6.9, 34.1) 78.9 (55.4, 155.0) 13.5 (7.0, 26.7) 49.4 (24.9, 68.9)

Copeptin cutoffs, 
n (%)

      

  ≥8.0 pmol/L 724 (87.5%) 46 (94%) 250 (69.3%) 10 (100%) 40 (70.2%) 16 (94%)
  ≥20.0 pmol/L 468 (56.6%) 41 (84%) 152 (42.1%) 10 (100%) 20 (35.1%) 15 (88%)
  ≥40.0 pmol/L 262 (31.7%) 33 (67%) 73 (20.2%) 9 (90%) 8 (14.0%) 10 (59%)
Copeptin median 

cutoff, n (%)
      

  ≥22.0 pmol/L 433 (52.4%) 41 (84%) 142 (39.3%) 10 (100%) 19 (33.3%) 14 (82%)

Abbreviations: IQR, interquartile range; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Table 3.  Univariable and multivariable logistic regression analyses for initial copeptin levels and 30-day mortality in the 

different respiratory infections

Community-acquired Pneumonia (n = 876) Acute or Chronic Bronchitis (n = 371) SARS-CoV-2 (n = 74)

Regression analysis, OR 
(95% CI), p-value

   

Unadjusted model 6.1 (3.3–11.2), p < 0.01 17.9 (4.6–70.5), p < 0.01 14.1 (3.1–63.4), p < 0.01
Multivariate model 1a 4.0 (2.0–7.7), p < 0.01 20.7 (3.8–111.9), p < 0.01 7.0 (1.2–40.3), p < 0.03
Multivariate model 2b 2.7 (1.3–5.8), p < 0.01 26.8 (3.1–231.9), p < 0.01 5.3 (0.7–40.8), p = 0.11
Discrimination statistics    
AUC (95% CI) 0.73 (0.6–0.81) 0.89 (0.82–0.96) 0.81 (0.70–0.93)

Abbreviations: AUC, area under the curve; CI, confidence interval; OR, odd ratio; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2;
aAdjusted for age and gender.
bAdjusted for age, gender, sodium concentration at admission, cancer, coronary artery disease, chronic kidney disease, diabetes, and glucose concentration at 
admission.
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age and gender but not in the fully adjusted model also 
including hyponatremia, as shown for pneumonia and 
acute or chronic bronchitis. This suggests that the activa-
tion of the vasopressin system plays an important role in 
COVID-19 disease particularly regarding a severe course of 
disease. Second, this finding was not specific for COVID-19 
but was similar to other types of viral and bacterial respira-
tory tract infections. Therefore, these results suggest that 
the activation of the vasopressin system is not specific to 
COVID-19 but a more general adaptation of severe respira-
tory disease. In turn, copeptin may allow for individual and 
early risk stratification and the monitoring of patients with 
respiratory infections including COVID-19.

Although survivors had significantly lower levels of 
copeptin at admission and during the follow-ups, the levels 
were not in the normal low range, but they were still ele-
vated compared with healthy persons with a median con-
centration of 4.2 pmol/L [17].

Our data is in line with earlier studies demonstrating 
that infectious diseases such as pneumonia and other re-
spiratory infections can markedly increase circulating 

levels of copeptin [18–23]. Several mechanisms may be re-
sponsible for this increase. Similar to other respiratory in-
fections, severe disease and thus physiological stress caused 
by SARS-CoV-2 may trigger the release of the stress marker 
copeptin, aiming to increase free water resorption in the 
kidneys and thus maintaining blood pressure homeostasis 
through V2 receptors and producing vasoconstriction of 
blood vessels through V1 receptors [24–26]. According 
to our data septic conditions such as pneumonia had a 
higher increase in copeptin, which may reflect more blood 
pressure disturbances and shock compared with viral in-
fections. Copeptin levels may go in parallel with the in-
flammatory cytokine response, which is quite strong in 
SARS-CoV-2 disease [27]. Pneumonia and other respira-
tory diseases are associated with the syndrome of (in)ap-
propriate antidiuretic hormone secretion (SIADH), which 
in turn leads to hyponatremia [28], especially if associated 
with a salt-restricted diet and disease-related malnutrition. 
In our sample, hyponatremia was a frequent finding in pa-
tients. A  recently published case series indeed confirmed 
that 3 patients with confirmed COVID-19 and who were 
suffering from hyponatremia showed an SIADH constel-
lation with euvolemic hyponatremia, a high urine osmo-
lality [8]. Besides intravascular volume depletion due to the 
infection [29, 30], emotional, physical, or psychological 
stress, as well as pain and certain medication like opiates, 
which can be associated with an infection like COVID-19, 
can stimulate the release of antidiuretic hormone (ADH) 
[31]. This, in turn, correlates with the severity of the dis-
ease and with individual stress levels found in lower re-
spiratory tract infections [21].

Our findings suggest that copeptin can mirror dis-
ease severity and differentiate patients with a fatal out-
come from survivors. This was true on admission but also 
during follow-up. Similar findings were also shown in our 
study investigating the association of prognostic accuracy 
of initial and follow-up midregional proadrenomedullin 

Table 4.  Prognostic accuracy of different copeptin cutoffs at baseline for patients with COVID-19

Copeptin Cut-off Value 
Based on Distribution 
in the Study 
Population [pmol/L]

Sensitivity  
(95% CI)

Specificity (95% CI) Positive Predictive vValue 
(95% CI) 

Negative Predictive Value 
(95% CI)

8.0 pmol/L 94.1 (95% CI 71.3–99.9) 29.8 (95% CI 18.4–43.4) 28.6 (95% CI 17.3–42.2) 94.4 (95% CI 72.7–99.9)
20.0 pmol/L 88.2 (95% CI 63.6–98.5) 64.9 (95% CI 51.1–77.1) 42.9 (95% CI 26.3–60.6) 94.9 (95% CI 82.7–99.4)
40.0 pmol/L 58.8 (95% CI 32.9–81.6) 86.0 (95% CI 74.2–93.7) 55.6 (95% CI 30.8–78.5) 87.5 (95% CI 75.9–94.8)
Copeptin median 

[pmol/L]
    

22.0 pmol/L 82.4 (95% CI 56.6–96.2) 66.7 (95% CI 52.9–78.6) 42.4 (95% CI 25.5–60.8) 92.7 (95% CI 80.1–98.5)

Abbreviation: CI, confidence interval.

Figure 2.  Median copeptin values at different measurement time-points 
for survivors and nonsurvivors.
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(MR-proADM) levels with in-hospital mortality in pa-
tients with confirmed SARS-CoV-2 infection [32]. In fact, 
our findings confirm that increased levels of MR-proADM 
on admission and during hospital stays were independently 
associated with in-hospital mortality and may allow for 
better risk stratification, and, in particular, rule out a fatal 
outcome in COVID-19 patients [32].

Our analysis is in line with copeptin data in other popu-
lations such as sepsis patients [33, 34], respiratory infec-
tion patients [22, 23], and also stroke patients [35–40]. 
In addition, copeptin was also found to be of prognostic 
importance in ventilator-associated pneumonia [41], and 
community acquired pneumonia [42]. We found an optimal 
cutoff at 20.0 pmol/L in COVID-19 patients. At this levels, 
copeptin provides additional information regarding disease 
progression and risk of 30-day mortality. Interestingly, our 
optimal cutoff (20.0 pmol/L) differs from the cutoffs pro-
posed by Elham et  al (58.1 pmol/L) [43] and by Zhang 
et al (86.3 pmol/L) [44]. These differences could be due to 
different methodologies of copeptin measurement, which 
made a direct comparison difficult. However, when com-
paring with the cutoff found by Battista et al (23.2 pmol/L) 
[45], who used the same methodology as in this study, the 
described cutoff levels are comparable.

Limitations

This study has several limitations. First, the number of ana-
lyzed COVID-19 patients was small with a single-center 
design. Second, not all clinical and laboratory parameters 
and characteristics were available for all patients, resulting 
in some missing data. Third, we have not collected the 
needed clinical data for the current WHO disease criteria. 
Thus, a proper stratification of the disease severity was not 
possible. Fourth, we were not able to give more detail on 
the pathophysiology behind the increase of copeptin in 
COVID-19 and whether therapeutic modulation may have 
any advantages in patients.

Conclusion

To the best of our knowledge, this is the 1st study analyzing 
copeptin levels in patients with confirmed COVID-19. Our 
data indicate that a pronounced activation of the vaso-
pressin system is associated with an adverse clinical course in 
COVID-19 patients. This finding, however, is not unique to 
COVID-19 but similar to other types of respiratory infections.
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