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Can copeptin predict the severity
of coronavirus disease 2019 infection?

Erdal in"* @, Mutlu Kuludztiirk? @, Selda Telo® @, Zilal Asci Toraman? @, Ercan Karabulut®

SUMMARY

OBJETIVE: Coronavirus disease 2019 (COVID-19) has quickly turned into a health problem globally. Early and effective predictors of disease
severity are needed to improve the management of the patients affected with COVID-19. Copeptin, a 39-amino acid glycopeptide, is
known as a C-terminal unit of the precursor pre-provasopressin (pre-proAVP). Activation of AVP system stimulates copeptin secretion in
equimolar amounts with AVP. This study aimed to determine serum copeptin levels in the patients with COVID-19 and to examine the
relationship between serum copeptin levels and the severity of the disease.

METHODS: The study included 90 patients with COVID-19. The patients with COVID-19 were divided into two groups according to
disease severity as mild/moderate disease (n=35) and severe disease (n=55). All basic demographic and clinical data of the patients were
recorded and blood samples were collected.

RESULTS: Copeptin levels were significantly higher in the patients with severe COVID-19 compared with the patients with mild/moderate
COVID-19 (p<0.001). Copeptin levels were correlated with ferritin and fibrinogen levels positively (r=0.32, p=0.002 and r=0.25, p=0.019,
respectively), and correlated with oxygen saturation negatively (r=-0.37, p<0.001). In the multivariate logistic regression analysis, it was revealed
that copeptin (OR: 2.647, 95%Cl 1.272-5.510; p=0.009) was an independent predictor of severe COVID-19 disease. A cutoff value of 7.84 ng/
mL for copeptin predicted severe COVID-19 with a sensitivity of 78% and a specificity of 80% (AUC: 0.869, 95%CI 0.797-0.940; p<0.001).

CONCLUSION: Copeptin could be used as a favorable prognostic biomarker while determining the disease severity in COVID-19.
KEYWORDS: COVID-19. Mild/Moderate COVID-19. Severe COVID-19. Copeptin. Biomarkers.

INTRODUCTION

In the city of Wuhan in China, a pneumonia outbreak that
developed due to a novel coronavirus was detected in December
2019. The outbreak could not be taken under control and it
spread all around the world, resulting in a pandemic. The novel
coronavirus was defined as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Accordingly, the disease that
resulted from the virus was defined as coronavirus disease 2019

(COVID-19) by the World Health Organization'?. As of May

24,2021, approximately 167 million COVID-19 cases and more
than 3.4 million deaths were reported all around the world?.
Copeptin is a glycopeptide that consists of 39 amino
acids. It is also related to arginine vasopressin (AVP).
Copeptin is derived from the C-terminal part of pre-pro-
AVP, which is an AVP precursor molecule. Together with
AVP, copeptin is expressed from neurohypophysis simul-
taneously either with osmotic or hemodynamic signals.
Therefore, it strongly correlates with plasma levels. AVD is
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Copeptin levels in COVID-19 infection

a hormone with antidiuretic and vasoconstrictive qualities.
Accordingly, it exhibits endogenous stress responses and
stimuli, such as hypotension, hypoxia, hyperosmolarity, aci-
dosis, and infections increase its expression. Nevertheless,
it cannot be used as a biomarker due to circadian rhythm,
short half-life, and unstable molecule status of AVP. On the
other hand, copeptin is a peptin that is more stable and its
levels can be detected in blood easily*®.

In previous studies, it was demonstrated that levels of serum
copeptin were increased in diseases, such as community-ac-
quired pneumonia (CAP), ventilator-associated pneumonia
(VAP), lower respiratory tract infections, acute exacerbation
of chronic obstructive pulmonary disease (COPD), and sepsis,
and these increases were related to poor prognosis’'2.

It is suggested that the assessment and management of
COVID-19 should be conducted according to the disease
severity. In terms of the initial data that were obtained from
China, it was observed that 81% of the patients with COVID-
19 experienced mild or moderate diseases, which were simi-
lar to cold and mild pneumonia, whereas 14% of the patients
had severe diseases in addition to 5% of the patients, who had
critical and fatal diseases'. At this point, early recognition of
severe forms of the disease is vital for early hospitalization and
appropriate treatment of the patients. The clinical status, oxy-
gen saturation, and comorbidity mainly determine the need
for hospitalization, while certain laboratory parameters can
also facilitate the assessment of the severity of the disease'®.
In various studies, it was demonstrated that biomarkers, such
as CRP (C-reactive protein), D-dimer, ferritin, cardiac tropo-
nin, interleukin-6 (IL-6), and lymphocyte counts, could be
used in estimating the severity of the disease in risk classifica-
tion®. In a very recent study, copeptin was found to be a use-
ful biomarker in distinguishing COVID-19-associated pneu-
monia from CAP'®. However, in the literature, it was observed
that no study evaluated the relationship between COVID-19
severity and copeptin.

In this study, it was aimed to measure the serum copeptin
levels in the patients with COVID-19, to evaluate the rela-
tionship of serum copeptin levels with disease severity, and to
evaluate the relationships between copeptin and certain inflam-
matory parameters.

METHODS

Study subjects
In this study, 90 consecutive patients with COVID-19 diagno-
sis, who were admitted to the Pandemic Clinic in the Faculty
of Medicine at Firat University between August and October

2020, were included in the sample according to the inclusion
criteria. Patients older than 18 years were included in the study.

COVID-19 diagnosis was defined as a SARS-CoV-2 pos-
itive real-time reverse-transcriptase polymerase chain reaction
(RT-PCR) from a nasal and/or throat swab together with signs,
symptoms, or radiological that suggest COVID-19 infection.
In the study, the clinical parameters were recorded as well as the
demographic data. Following the investigation of the histories
and physical examinations of the subjects, the blood samples
were drawn from the patients before the treatment process.

Upon admission to the hospital, the patients with COVID-19
were categorized into three groups by considering the clinical find-
ings, respiratory rates, oxygen saturation (SpO,) levels, and low-dose
chest CT findings". The details of the classification are as follows:

Mild illness: mild clinical symptoms, no sign of pneumo-
nia on low-dose CT.

Moderate illness: mild respiratory symptoms, positive signs
of pneumonia on low-dose CT, and SpO, 294% on room air.

Severe illness: Those who meet any of the following criteria:

1. Respiratory rate >30 times per min;

2. SpQO, <94% at room air;

3. Lung infiltrates >50% on low-dose CT.

In the study, the exclusion criteria covered the patients
who had heart failure, renal failure, COPD, acute myocardial
infarction, acute coronary syndrome, interstitial lung disease,
any organ malignancy, or immunosuppression (HIV infection,
solid organ or stem cell transplantation, or any immunosup-
pressive treatment). Additionally, pregnancy was an exclusion

criterion in the study.

Ethics approval
The study was conducted within the framework of the Helsinki
Declaration. The study was also approved by the Ethical
Committee of the Medicine Faculty of Firat University (issue:
402252/20,07,2020). The subjects who participated in the study
also provided their written consent to be included in the study.

Measurement of serum copeptin levels
In the measurements, the separation of the serum was con-
ducted by centrifuging the samples at 4,000 g for 10 min.
Then the samples were frozen at -80°C for further analysis.
A double-antibody sandwich enzyme-linked immunosorbent
assay kit (Catalog No. 201-12-5463 Human copeptin Elisa Kit:
Sunred Biological Technology Co. Ltd. Shanghai) was used to
measure the serum copeptin levels. The assay had a sensitivity
of 0.067 ng/mL. The inter-assay and intra-assay calculation
values were <12% and <10%, respectively. Furthermore, the
detection range of copeptin was 0.07-20 ng/mL.
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Statistical analyses
In the statistical analyses, IBM SPSS Statistics 21 (Version 21,
authorization code: d91314f638c364094170, Armonk, NY,
USA) software was used. The results obtained in the analyses
were stated as meantSD. The level of statistical significance

Table 1. Comparison of the demographical and laboratory
data of two groups of patients with COVID-19.

Mild/
moderate
disease
(n=35)

Severe

disease
(n=55)

was regarded as })<0.05. To compare two independent sar.n— g — 44.5+14.9 | 58.8+16.8 | <0.001
ples, the student’s t-test was conducted. To compare the dis-
tribution of sex between the groups, Chi-square ()?) test was S (e, W) [E1EIED) (555 2
conducted. The parametric variables were evaluated by the 530,, % 94.742.5 88.444.4 | <0.001
Pearson correlation analysis. In the study, univariate and mul- Complete blood count
tivariate analyses were conducted by binary logistic regression Leukocyte, x10%L | 6.442.8 6.01+3.2 0.53
to evaluate the variables that could predict severe COVID-19 Hemoglobin, g/dL | 13.5+1.9 13.6£2.0 0.87
disease. In the analysis, a 95% confidence interval (CI) was Platelet, x10%L 194.5440.7 | 179.8483.1 | 0.33
adopted while calculating the odds ratios (ORs). The receiver Biochemical markers
operating characteristic (ROC) analysis method was to deter- Urea, mg/dL 32.7+12.7 | 39.8+16.2 | 0.03
mine the cutoff value for copeptin. With the ROC curve, the Creatinine, mg/dL | 0.81+0.23 | 0.89+0.25 | 0.13
area under curve (AUC) value was determined. ALT, U/L 2214108 | 32.9420.1 | 0.004
AST, U/L 27.0£15.8 | 40.7£20.2 | 0.001
LDH, U/L 262.9+73.2 | 344.7£137.8 | 0.002
RESULTS D-dimer, mg/L 0.8+1.1 1.2+1.8 0.24
Comparison of groups Inflammatory markers
In the study population, 35 patients were assigned to a mild/ s, migil £2/50000 || BAEALL | I
moderate disease and 55 patients were allocated to a severe dis- Procalcitonin, mg/L | 0.34£0.5 | 0.30£0.41 | 0.61
ease. The mean serum copeptin levels of the patients with mild/ Ferritin, ng/mL 185.24198.0 | 601.9+364.4 | <0.001
moderate and severe COVID-19 were 6.422.2 and 11.7+4.6 ng/ Fibrinogen, mg/dL | 402.7+128.7 | 536.8£159.9 | <0.001
mL, respectively (p<0.001). Comparison of all laboratory data Cardiac markers
of the patients with COVID-19 was demonstrated in Table 1. CK, U/L 84.6+121.3 | 162.5+184.6 | 0.03
CK-MB, U/L 20.9£19.5 | 31.24324 0.09
Correlation analysis Troponin I, pg/L | 0.02£0.1 | 0.13:0.8 | 0.46
In the analyses, it was observed that serum copeptin levels posi- Copeptin, ng/mL |  6.4+2.2 117446 | <0.001

tively correlated with serum ferritin and fibrinogen levels (r=0.32,

Sa0,: oxygen saturation; ALT: alanine transaminase; AST: aspartate
transaminase; LDH: lactate dehydrogenase; CRP: C-reactive protein; CK:
creatine kinase. Bold values are statistically significant values (p< 0.05).

p=0.002 and r=0.25, p=0.019, respectively), whereas negatively
correlating with SaO, levels (r=-0.37, p<0.001; Figure 1).
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Figure 1. Correlation between serum copeptin levels and (a) ferritin, (b) fibrinogen, and (c) oxygen saturation levels in

patients with COVID-19.
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Logistic regression analysis

The univariable logistic regression model demonstrated the follow-
ing parameters that were statistically significant, which included
age, copeptin, CRB fibrinogen, AST, ALT, LDH, and ferritin. In
the multivariable logistic regression model, it was observed that
that older age (OR: 1.139, 95%CI 1.036-1.251; p=0.007) and
increased copeptin (OR: 2.647, 95%CI 1.272-5.510; p=0.009)
and ferritin (OR: 1.005, 95%CI 1.000-1.010; p=0.034) levels were
independent predictors of severe COVID-19 disease (Table 2).

ROC curve analysis
The efficacy of biochemical and inflammatory markers for the
prediction of severe disease was evaluated by ROC analysis. AUC
of copeptin, ferritin, CRE fibrinogen, AST, LDH, and CK were
found as 0.869 (95%CI 0.797-0.940; p<0.001), 0.846 (95%CI
0.765-0.928; p<0.001), 0.826 (95%CI 0.734-0.918; p<0.001),

Table 2. Results of binary logistic regression analysis of
potential predictors of severe COVID-19 disease.

Univariable model | Multivariable model

OR OR
(95%Cl) (95%C)

Age, years | <0.001 (1_0;4(,)_51?086) 0.007 (1_0;.61—31?251)
Sex, male | 0.25 (0.6;;36_533?909)

Egﬁﬁfﬂn' <0.001 (1_3;'27:429223) 0.009 (1.2;26-17.510)
CRP. mg/L | <0.001 (1 .01.70—31%050)

g[ea’ "Y1 057 (0.92138(35.022)

f@g‘ﬁge”' <0001 | 1 031 010

ASTUL | 0003 | .olgﬁom)

AITUL | 0008 | .ol'zoffoszw

LDH, UL | 0.005 | .02)52?013)

EZ/rrrl:wT |00 .0(133()—()1§009) 003 .og)g(fmo)
CKUL | 006 | 054 67 1)

Troponin, 0.59 1616

uglL (0.288-9.075)

CRP: C-reactive protein; AST: aspartate transaminase; ALT: alanine
transaminase; LDH: lactate dehydrogenase; CK: creatine kinase.

0.743 (95%CI 0.639-0.847; p<0.001), 0.740 (95%CI 0.635—
0.845; p<0.001), 0.676 (95%CI 0.563-0.789; p=0.005), and
0.698 (95%CI 0.590-0.807; p=0.002), respectively. Among
these parameters, copeptin occupied the maximum area with
0.869. When the cutoff value for copeptin in predicting of
severe disease was determined to be 7.84, the sensitivity was

determined as 78%, whereas the specificity was 80%.

DISCUSSION

Biomarkers that predict the outcomes of diseases, should be
higher in the disease groups compared with the healthy groups
and should reflect the severity of the disease. The significance of
copeptin in the patients with COVID-19 and its role as a bio-
marker in predicting disease severity are unknown. Our study
is the first one to evaluate the relationship between severity of
COVID-19 and copeptin and striking results were obtained
in our study. It was determined that copeptin levels of the
patients with severe COVID-19 were significantly higher than
the patients with mild/moderate COVID-19, and this increase
was correlated with disease severity.

It was demonstrated that copeptin played active roles in
lung diseases, such as pneumonia, and it was superior to tra-
ditional inflammatory markers as a prognostic marker in the
patients with CAP>*8. The levels of copeptin in the patients with
COVID-19 could be increased due to hemodynamic, osmotic,
or inflammatory reasons. In the patients with pneumonia, it
was discovered that the levels of copeptin were elevated as the
severity of sepsis was elevated'?. Similarly, as the severity of the
disease increases in the patients with COVID-19, the expression
of copeptin, simultaneously with AVP, from neurohypophysis
could be increased with hemodynamic and osmotic signals due to
changes in blood pressure and plasma osmolality. Furthermore,
it was reported that the endotoxins and inflammatory markers,
which increased during respiratory infections, stimulated AVP
secretion®®. In our study, it was determined that inflammatory
markers, such as CRP, ferritin, and fibrinogen, were elevated in
the patients with severe COVID-19, whereas positive correla-
tions were discovered between serum copeptin levels, serum
ferritin, and fibrinogen levels. As the severity of the disease
was increased, it was believed that the inflammatory markers
and cytokines contributed to the increase in copeptin levels.
Additionally, it is known that the gas exchange in the lungs
during lower respiratory tract infections results in changes in
the AVP system. AVP expression could be induced by certain
factors such as acidosis, pain, hypoxia, or neuroendocrine stress
as well. In the patients with severe COVID-19, it is known
that oxygen levels are lower and the stress responses are higher.
Conditions such as hypoxia and pain, which develop as the
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severity of pneumonia increases, could contribute to copeptin
expression. In the current study, it was discovered that the sat-
uration levels were lower in severe patients and saturation lev-
els and copeptin levels were strongly correlated.

Up to date, the prognostic value of copeptin in CAP
patients was investigated in several studies in the literature.
Masid et al.’® evaluated 174 CAP patients and reported that
copeptin was an independent marker of mortality. In the cur-
rent study, it was determined that copeptin yielded high diag-
nostic accuracy in predicting mortality when the cutoff value
was regarded as >18.9 pmol/L (sensitivity: 71.4%, specificity:
79.5%). Similarly, Kolditz et al.’” evaluated 51 CAP patients
and investigated copeptin’s diagnostic value in predicting admis-
sion to the intensive care unit 7 days from hospitalization and
predicting mortality by using ROC analysis. In this study, it
was determined that copeptin had 78% sensitivity and 79%
specificity when the cutoff value was regarded as 35 pmol/L.
In our study, it was observed that copeptin had 78% sensitiv-
ity and 80% specificity in terms of distinguishing the patients
with severe COVID-19 from those patients with mild/moder-
ate when the optimal cutoff value was regarded as 7.84 ng/mL.
According to the findings of our study, copeptin had a higher
predictive value in predicting severe disease compared with
biochemical and inflammatory markers such as CRD ferritin,
fibrinogen, and LDH used routinely. Furthermore, copeptin
was found to be an independent predictor of severe COVID-
19 disease in the multivariable logistic regression analysis.
Considering the findings of our study, copeptin can be a sim-
ple and useful marker for predicting the severity of COVID-19

with high sensitivity and specificity while yielding rapid results.
Nevertheless, our study is a first on this subject, and a series of
studies are required to support these results.

In conclusion, in this study, it was determined that serum
copeptin levels were higher in the patients with severe COVID-
19 compared with the patients with mild/moderate COVID-19
and related to disease severity. Moreover, multivariable logistic
regression analysis identified copeptin as an independent pre-
dictor for COVID-19 severity. Therefore, copeptin could be a
useful and prognostic biomarker that can be used in the patients
with distinguishing severe COVID-19 from the patients with
mild/moderate COVID-19.
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