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ABSTRACT

Objective: Copeptin is released from the posterior pituitary gland into systemic circulation
in response to various stimuli, including stress. We aimed to evaluate the role of copeptin
in determining the severity of the disease in patients with COVID-19.

Materials and Methods: The study was conducted prospectively in two centers between
June 1, 2022, and October 1, 2022. Severe and mild-moderate COVID-19 patients were com-
pared in terms of clinical, laboratory and imaging findings, and serum copeptin levels at
hospitalization.

Results: A total of 90 patients were included in the study; 45 patients were in severe disease
groups. Dyspnea, loss of appetite, and loss of smell were significantly more common in the
severe disease group (p<0.001, p=0.025, and p<0.001, respectively). Among the tomograp-
hy findings, the consolidation frequency was similar in both groups (p=0.259). C-reactive
protein (CRP), D-dimer, ferritin, lactate dehydrogenase (LDH), procalcitonin, troponin and
copeptin levels were higher in the severe group (p<0.05); hemoglobin, total protein and vita-
min D levels were lower (p=0.05). The area under the curve (AUC) values for severe disease
were 0.643 for copeptin (p=0.019), 0.656 for CRP (p=0.011), 0.684 for procalcitonin (p=0.004),
0.657 for ferritin (p=0.01), 0.72 for D-dimer (p=0), 0.688 for troponin (p=0.002), and 0.672 for
age (p=0.005).

Conclusion: In our study, copeptin was identified as a new prognostic biomarker indicating
the severity of the disease in patients with COVID-19.
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Copeptin in COVID-19

INTRODUCTION

oronavirus disease (COVID-19) remarkably

impacted mortality rates and healthcare

resources (1, 2). The causative virus, SARS-
CoV-2, is a member of the p family (3). Pulmonary
manifestations of COVID-19 can range from as-
ymptomatic infection to severe pneumonia and
acute respiratory distress syndrome (4, 5). Research
regarding risk classifications continues to deter-
mine the pathophysiology of SARS-CoV-2 and de-
velop safe and effective treatment strategies for
COVID-19 patients. A new biochemical marker to
assess the severity of COVID-19 may facilitate ap-
propriate supportive care and symptom manage-
ment and, ultimately, reduce mortality (6).

Various pathophysiological pathways, such as direct
viral toxicity, endothelial cell damage, and throm-
boinflammation, are discussed in the pathogenesis
of the disease. The dysregulation of the immune
response and the renin-angiotensin-aldosterone
system has been identified as an important mech-
anism. Angiotensin-converting-enzyme 2 receptors,
which are the entry mechanism of the virus, are ex-
pressed in many tissues. In addition, the dysregula-
tion of the osmotic system with hyponatremia has
been described in some cases. Arginine vasopressin
(AVP), also known as “antidiuretic hormone”, is an
antidiuretic and vasoconstrictive hormone. It ex-
hibits an endogenous stress response, and its re-
lease is increased by stimuli such as hypotension,
hypoxia, hyperosmolarity, acidosis, and infections.
However, its circadian rhythm, short half-life, and
unstable molecules render it difficult to use as a
biomarker. Copeptin has a more stable structure,
and its levels in the blood can be easily detected
(7-10). Copeptin is the C-terminal peptide resulting
from the cleavage of pre-pro-arginine vasopressin.
It is released from the posterior pituitary gland into
systemic circulation in response to various stimu-
li, including stress (11, 12). The prognostic role of
copeptin has been reported in various clinical con-
ditions, including infectious and cardiovascular
diseases. Studies have demonstrated that serum
copeptin levels increase due to infectious diseases,
such as pneumonia, ventilator-associated pneumo-
nia, and sepsis or septic shock in the community,
and this increase is associated with poor prognosis
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(11, 13-16). Very few studies have examined the role
of copeptin in determining prognoses in patients
with COVID-19 (4, 5). Therefore, through this study,
we aimed to evaluate the role of copeptin in deter-
mining the severity of the disease in patients with
COVID-19.

MATERIALS AND METHODS

SARS-CoV-2 PCR-positive patients who were fol-
lowed up in the pandemic wards with diagnoses of
COVID-19 between June 1 and October 1, 2022, were
included in the study. Demographic and clinical
features and radiological and laboratory findings
regarding the patients were recorded in the forms.
Laboratory features, including complete blood
count, electrolytes, kidney and liver tests, troponin,
D-dimer, ferritin, C-reactive-protein, procalcitonin,
copeptin and SARS-CoV-2 PCR, were taken during
the patient’s admission to the infectious disease
clinic for hospitalization (Day 0). The length of the
hospital stay, the treatments applied, the need for
intensive care, and the death and discharge status
were noted. Serum taken from the patients for co-
peptin measurement was stored at -80 °C after cen-
trifugation.

Thoracic computed tomography (CT) was per-
formed in all patients with suspected pneumonia.
Radiological evaluations were performed alongside
low-dose non-contrast CT of the thorax (16-section
multidetector Aquilion One; Toshiba Medical Sys-
tems Corporation, Japan). All images were taken in
the supine position with full inspiration. Bilateral

HIGHLIGHTS

e The serum copeptin level measured at admission
was a new useful biomarker in differentiating
mild-moderate and severe diseases.

¢ Limited studies have examined the role of serum
copeptin levels in the course of COVID-19.

e Copeptin levels are important in the course of

COVID-19 for effective disease management and
risk stratification.

e Copeptin levels may play a role in reducing mor-
tality due to COVID-19.
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and unilateral involvement, as well as the ground
glass appearance and consolidation in the affected
zone(s) were noted. Patients with pregnancy, ma-
lignancy, coronary disease, heart failure, chronic
renal failure, immunosuppression, autoimmune
disease, and chronic obstructive disease were ex-
cluded from the study.

Disease severity classification was made as
mild-moderate and severe according to the
COVID-19 Guide of the Ministry of Health of the
Republic of Tirkiye. According to this guideline,
cases with fever, muscle/joint pain, cough and sore
throat, respiratory rate <30/min, SpO2 level >90% in
room air, and mild-moderate pneumonia findings
on chest radiography and/or thorax tomography are
considered mild-moderate cases. Severe cases were
defined as those with changes in consciousness,
respiratory distress, respiratory rate > 30, SpO2 <
90% on room air, and bilateral diffuse involvement
(>50%) on lung imaging (17). The duration of hos-
pital stays, the intensive care unit follow-up, and
the patient’s death and discharge status were re-
corded. Serum copeptin measurements were per-
formed with a BT LAB Human Copeptin, CPP ELISA
Kit (BT LAB Bioassay Technology Laboratory, UK).
An absorbance reading was performed on a Chro-
Mate 4300 ELISA (Awareness Technology, Inc., USA)
microplate reader. The measurement was made at
450 nm. The data were calculated using a four-pa-
rameter logistic regression analysis. The results are
indicated in ng/mL.

Kiutahya Health Sciences University Ethics Com-
mittee approved the study on February 25, 2022,
with decision number 2022/06-07. All patients were
informed about the study and obtained their writ-
ten consent.

Statistical Analysis

Histogram graphs and the Kolmogorov-Smirnov
test were used to evaluate the distribution of con-
tinuous data. Those with normal distribution were
presented with mean + standard deviation, and
those with non-normal distribution were presented
with median (minimum-maximum). An indepen-
dent-sample T-test was used to compare normally
distributed data, and the Mann-Whitney U test was
used to compare non-normally distributed data.
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Categorical data were presented as numbers (%),
and the chi-square test was used for comparison.
The receiver operating characteristic (ROC) anal-
ysis was used to evaluate the diagnostic perfor-
mances of the tests. The statistical analyses were
performed using the Statistical Package for Social
Sciences (SPSS) 25.0 (IBM Corp., Armonk, NY, USA).
The statistical significance was set as p<0.05.

RESULTS

A total of 90 patients were included in the study:
45 in the mild disease group and 45 in the severe
disease group. While the median age was 64 years
old in the severe disease group, it was 57 years in
the mild disease group (p=0.005). The frequency
of comorbidity was also significantly higher in the
severe group (p=0.010 for the patients with diabe-
tes mellitus and p=0.033 for those with hyperten-
sion). Regarding gender, the two groups were sim-
ilar (p=0.671) (Table 1). Dyspnea, loss of appetite,
and loss of smell were significantly more common
in the severe disease group (p<0.001, p=0.025, and
p<0.001, respectively). The patients’ demographic,
clinical, radiological, and laboratory findings are
presented in Table 1.

The hospital stay duration was longer in the severe
disease group (median values were 9 vs. 13 days;
p<0.001). The need for intensive care was higher
in the severe disease group (p=0.004). Six patients
(13%) were deceased in the severe group (Table
1). C-reactive protein (CRP), D-dimer, ferritin, lac-
tate dehydrogenase (LDH), procalcitonin, tropo-
nin, and copeptin levels were higher in the severe
group (p<0.011, p<0.001, p=0.001, p=0.038, p=0.004,
p=0.002, and p=0.019, respectively); besides, levels
of hemoglobin, total protein, and vitamin D were
lower (p=0.043, p<0.001, and p=0.029, respective-
ly). There was no difference between the groups
in terms of other hematological and biochemical
markers. Laboratory findings of the patients are
presented in Table 2.

The area under the curve (AUC) was analyzed us-
ing ROC analysis for all continuous variables. The
AUC values for severe disease were 0.643 (p=0.019)
for copeptin, 0.656 (p=0.011) for CRP, 0.684 (p=0.004)
for procalcitonin, 0.657 (p=0.01) for ferritin, 0.720
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Table 1. Demographic and baseline characteristics of patients with mild and severe COVID-19 disease groups.

Mild disease (n=45) Severe disease (n=45)

n (%) n (%) P
Age (years), median (min-max) 57 (23-90) 64 (29-88) 0.005*
Sex (female) 24 (53.3) 26 (57.8) 0.671t
Length of stay in the hospital, median (min-max) 9 (5-52) 13 (7-51) <0.001*
Death 0(0) 6(13.3) -
Comorbidities
Diabetes mellitus 12 (26.7) 24 (53.3) 0.010t
Hypertension 21 (46.7) 31 (68.9) 0.033t
Signs and symptoms
Fever 29 (64.4) 28 (62.2) 0.8271
Cough 33(73.3) 35 (77.8) 0.6241
Dyspnea 24 (51.1) 40 (88.9) <0.001t
Myalgia 34 (75.6) 31(68.9) 0.4801
Fatigue 33(73.3) 40 (88.9) 0.059t
Loss of appetite 30 (66.7) 39 (86.7) 0.025t
Loss of flavor 15 (33.3) 14 (31.1) 0.822t
Loss of smell 18 (40.0) 41 (91.1) <0.001t
Thorax CT results
Frosted glass 45 (100) 44 (97.8) -
Infiltration 21 (46.7) 32(71.7) 0.018t
Consolidation 12 (26.7) 17 (37.8) 0.259t
Involvement zones
Upper 4(8.9) 0 (0) -
Lower 5(11.1) 0(0) -
Lower & upper 8(17.8) 3(6.7) -
Lower & middle 12 (26.7) 9 (20) -
Whole 16 (35.6) 33(73.3) <0.001
Bilateral 41 (91.1) 45 (100) -
Intensive care 1(2.2) 10 (22.2) 0.004+
Corticosteroid therapy 22 (48.9) 42 (93.3) <0.001t
SpO:2
<90 10 (22.2) 44 (97.8) <0.001+
Oz requirement (yes) 25 (55.6) 44 (97.8) <0.001t
Non-rebreather mask (yes) 2 (4.4) 27 (60.0) <0.001t
Mini-pulse methylprednisolone (oral, yes) 1(2.2) 11 (24.4) 0.002t

* Mann-Whitney U test, T Pearson chi-square.

Each superscript letter denotes a subset of clinic type categories whose column proportions do not differ significantly from each
other at the 0.05 level. All patients included in the study were treated with favipiravir and low molecular weight heparin (LMWH).
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Table 2. Laboratory test results of patients with mild and severe COVID-19 diseases on application.

Mild disease Severe disease
(n=45) (n=45)
Normal p
range Median (min-max) or
meanzstandard deviation

White blood cell count (x 10%/L) 52-12.4 5.91(1.37-11.33) 6.48 (3.47-102) 0.096
Lymphocytes count (x 10%/L) 0.9-5.2 1.13 (0.55-2.61) 0.88 (0.20-9.79) 0.065
Thrombocytes count (x 10%/L) 130-400 196 (76-496) 211 (90-582) 0.952
Hemoglobin (g/L) 11-16 13.4+2.1 126+1.9 0.043
C-reactive protein (mg/L) <5 5.7 (0.6-31.7) 10.6 (0.3-26.1) 0.011
Vitamin D (pg/L) 30-100 10 (4-40) 8 (4-22) 0.029
Fibrinogen (mg/dL) 180-350 489 (230-1023) 483 (230-962) 0.725
D-dimers (ng/mL) 170-550 905 (191-4763) 1389 (565-4580) <0.001
Aspartate aminotransferase (U/L) <50 35(11-103) 36 (10-95) 0.611
Alanine aminotransferase (U/L) <50 30 (5-171) 27 (8-198) 0.994
Creatine kinase (U/L) <171 56 (15-541) 42 (6-311) 0.057
Creatine kinase-MB (pg/L) 0.6-6.3 0.9 (0.2-27) 1.3(0.1-5.8) 0.145
Total protein (g/L) 66-83 66 (48-71) 62 (43-75) <0.001
Triglyceride (mg/dL) <150 132 (56-466) 155 (53-393) 0.231
Lactate dehydrogenase (U/L) <248 266 (156-593) 325 (100-874) 0.038
Ferritin (ug/L) 23.9-336.2 206 (10-1500) 373 (29-1500) 0.01

Procalcitonin (ng/mL) 0-0.5 0.1 (0.01-1.02) 0.2 (0.01-8) 0.004
Troponin (ng/L) 0-19.8 3.3(0.40-97) 6.65 (1.4-224) 0.002
Prothrombin time (s) 10.9-14.7 11.4 (9.8-21) 11.4 (9.4-22.1) 0.694
International normalized ratio 0.8-1.25 0.97 (0.80-2.70) 0.96 (0.8-2.02) 0.457
Activated partial thromboplastin time (s) 22.5-315 23.45 (18.18-29.58) 22.69 (18.72-30.85) 0.478
Copeptin (ng/mL) 228 (0.60-9.72) 2.75 (0.78-11.41) 0.019

(p=0.000) for D-dimer, 0.688 (p=0.002) for troponin,
and 0.672 (p=0.005) for age. The AUC values and
ROC analysis results of the variables that were
found to be significant for severe disease are pre-
sented in Table 3 and Figure 1.

DISCUSSION

As aresult of the activation of the hypothalamic-ad-
enohypophyseal axis because of stress, many hor-
mones are released, including arginine vasopressin
(AVP) and cortisol. Copeptin is a biochemical mir-

ror of AVP and is more easily detectable in serum
due to its stable nature (18, 19). The inflammation,
pain, lung injury, plasma osmolarity changes, and
psychological stress associated with the COVID-
19-induced activation of the stress-adaptive endo-
crine axis increase circulating AVP/copeptide. Thus,
it aims to increase the absorption of free water in
the kidneys and thus to provide blood pressure ho-
meostasis through vasopressin receptors 2 (V2Rs)
and to produce vasoconstriction in blood vessels
through vasopressin receptors 1 (V1Rs) (6).

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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Lung injuries induced by COVID-19 may affect car-
diopulmonary hemodynamics and left atrial un-
derfill, followed by the activation of the renin-an-
giotensin-aldosterone system and the release of
AVP/copeptide. This may result directly from viral
or cytokine storm-induced damage (20-23). The
pathophysiological mechanisms behind the emer-
gence of inappropriate antidiuretic hormone secre-
tion in pneumonia, as in COVID-19, have not been
fully elucidated but may result from the non-osmo-
lar release of AVP secondary to intravascular fluid
depletion, which activates baroreceptors and the
rennin-angiotensin-aldosterone system (20).

In our study, the relationship between the serum
copeptin levels and the severity of the disease in
the patients with whom we followed up regarding
the diagnosis of COVID-19 was investigated, and
it was demonstrated that copeptin plays a role in
distinguishing between mild-moderate and severe
COVID-19 patients. A limited number of studies
have been conducted with copeptin in patients with
a diagnosis of COVID-19. One study investigated the
role of copeptin in the differentiation between com-
munity-acquired pneumonia and COVID-19 dis-
ease, and it was noted that copeptin is a useful bio-
marker in the differentiation of both diseases (24).

Conversely, in another study, found no difference
in the copeptin levels between the patients with a
diagnosis of COVID-19 and the patients diagnosed
with acute or chronic bronchitis and pneumonia. In
this study, serum copeptin levels in patients diag-
nosed with COVID-19 were found to be four times
higherin non-survived patients than in survived pa-
tients. Although, in this study, copeptin was found
to be effective in the clinical course, this was not
specific to COVID-19, and a similar phenomenon
could be observed in other respiratory tract infec-
tions (5). This demonstrates that the activation of
the vasopressin system is not specific to COVID-19
but is evident in severe respiratory disease.

The role of serum copeptin and high-sensitive car-
diac troponin I (hs-cTnl) on the clinical course and
mortality among hospitalized COVID-19 patients
was investigated, and both biomarkers were found
to influence the clinical course (5). In 116 patients
diagnosed with COVID-19, serum copeptin and
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Table 3. The area under the curve values of age, copeptin,
CRP, procalcitonin, ferritin, D-dimer, and troponin for
severe disease.

95% ClI

. *

For severe disease AUC p Lower-upper
D-dimers (ng/mL) 0.72 0 0.616-0.824
Troponin (ng/L) 0.688 | 0.002 0.578-0.798
Procalcitonin 0684 | 0.004 0.566-0.801
(ng/mL)

Age (years) 0.672 0.005 0.559-0.784
Ferritin (ug/L) 0.657 0.01 0.543-0.771
C-reactive protein 0656 | 0.011 0.542-0.77
(mg/L)

Copeptin (ng/mL) 0.643 0.019 0.528-0.758

AUC: Area under the curve, Cl: Confidence interval.
*p value for under the curve area.

While making the cut-off value decision, it was decided according to
the highest j values. (Youden's J statistic).

0.8 —
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2
2
=}
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c
[}
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Specificity
— Age —— Ferritin
—— Copeptin —— D-dimer
—— C-reactive protein Troponin

Procalcitonin ——— Reference Line

Figure 1. ROC curves of age, copeptin, CRP, procalcitonin,
fibrinogen, D-dimer and troponin.

mid-regional proadrenomedullin  (MR-proADM)
levels were associated with hospital complications,
such as acute renal failure and sepsis. When sur-
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vived and deceased patients were compared in the
same study, serum copeptin levels were found to
be significantly higher in patients with a diagnosis
of COVID-19 who died compared to those who sur-
vived (11).

In another study demonstrating the role of copeptin
in the course of COVID-19, age, copeptin, CRP, AST,
ALT, LDH, ferritin, and fibrinogen were found to be
significant in the differentiation of mild-moderate
and severe COVID-19, and the AUC value was found
to be 0.869 (p<0.001) in the ROC analysis (4). In an-
other study, copeptin was found to be a significant
biomarker in distinguishing mild-moderate and se-
vere COVID-19 patients (6). Similarly, in our study,
CRP, D-dimer, procalcitonin, troponin, and copeptin
were found to be significant in the differentiation of
mild-moderate and severe COVID-19, and the AUC
value was determined to be 0.643 (p=0.019) in the
ROC analysis.

Infect Dis Clin Microbiol 2024; 6(3): 225-32

Our study has some limitations. First, patients’
follow-up data are lacking. The importance of co-
peptin can be revealed more clearly if serum co-
peptin levels are measured during the follow-up
and post-treatment period. Secondly, the number
of patients is relatively small and a healthy control
group was not included in the study.

In addition to the existing biomarkers, the serum
copeptin level measured at the time of admission
to the hospital was identified as a new useful bio-
marker in the differentiation of mild-moderate and
severe diseases. Limited studies have examined
the role of serum copeptin levels in the course of
COVID-19. Understanding the role of copeptin in
the course of COVID-19 is important for effective
disease management and risk stratification and, ul-
timately, for reducing mortality due to COVID-19.
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