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ABSTRACT
Background. This study aims to investigate whether fetuin A deficiency predicts the prognosis
of COVID-19 disease in kidney transplant recipients (KTRs).

Method. The study was conducted on 35 hospitalized KTRs with COVID-19 pneumonia
between November 2020 and June 2021. Serums were collected for fetuin-A measurement at
admission and after six months of follow-up. The demographic and laboratory data of the
patients were recorded and analyzed with the appropriate statistical method.

Results. A total of 35 KTRs, 23 of which (65.7%) were men, were included in the study. The
mean age of the patients was 51.6 § 14.0 years. Seventeen (48.6%) patients had severe disease
criteria and required intensive care (ICU) support. Biopsy-proven acute rejection developed in 6
(17.1%) patients in the follow-up. At admission, the median fetuin-A value was 173.5 mcg/mL
(143.5-199.25) in the moderate disease group and 126.0 mcg/mL (89.4-165.5) in the severe
patient group (p = 0.005). While the Median fetuin-A value at the time of diagnosis was 173.5
mcg/mL (143.5-199.25), and in the 6th month was 208 mcg/mL [184-229] (p<0.001). By ROC
analysis, the effect of serum fetuin-A level in predicting the severity of COVID-19 disease was
significant (AUC: 0.771, p = 0.006, 95% CI: 0.615-0.927). When serum fetuin-A cut-off value
was taken as 138 mcg/mL to determine disease severity, it was shown to have 83.3% sensitivity
and 64.7% specificity.

Conclusions. Serum fetuin-A level can predict disease severity in kidney transplant recipients
in the presence of active COVID-19 disease.
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THE mortality rates associated with COVID-19 in kidney
transplant recipients (KTRs) are several times higher than

in the normal population [1]. Especially if COVID-19 occurs
with comorbidities, the risk of morbidity and mortality increases
even more. Many inflammatory biomarkers have been reported
to determine the severity of COVID-19 disease in the normal
population [2,3]. The deterioration of inflammatory predictors
such as elevated serum ferritin, D-dimer, interleukin-6, lactate
dehydrogenase, and decreased lymphocyte and thrombocyte
counts detected in KTRs with COVID-19 may present differ-
ently from non-transplanted patients with COVID-19 [4]. For
the first time, fetuin-A deficiency has been shown to be the
0
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most accurate biomarker to determine the severity of COVID-
19 in nontransplant patients [5,6]. To our knowledge, no study
has investigated fetuin-A levels and disease severity in immu-
nocompromised patients with COVID-19. We aim to investi-
gate whether the fetuin-A levels determine disease severity in
KTRs with COVID-19 pneumonia.
© 2023 Elsevier Inc. All rights reserved.
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Table 1. Baseline Characteristics of KTRs with COVID-19

Characteristics Patients (n = 35)

Age, y 51.6 § 14.0
Sex, male (%) 23 (65.7)
Body mass index, kg/m2 28.3 § 4.4
Chronic diseases, n (%)
Hypertension
Diabetes
ASCVD

21 (60.0)
10 (28.6)
7 (20.0)

Transplant duration, mo 38.8 (14.8-62.4)
Serum creatinine, mg/dL 1.29 (1.00-1.81)
Glomerular filtration rate, mL/min 59.3 § 22.8
White blood cell count, 103/mm3 5.6 (4.41-7.70)
Absolute neutrophil count, 103/mm3 3.9 (3.1-7.08)
Absolute lymphocyte count, 103/mm3 0.92 (0.60-1.70)
Albumin, g/L 3.8 § 0.4
ALT, IU/L 24 (16-41)
AST, IU/L 25 (18-42)
C-reactive protein, mg/L 19.0 (4.4-65.0)
Procalcitonin, ng/mL 0.08 (0.04-0.13)
Fibrinogen, mg/dL 378§ 96
D-dimer, ng/mL 362 (180-645)
Disease severity, n (%)
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MATERIALS AND METHODS

A cohort of KTRs hospitalized for COVID-19 pneumonia was identi-
fied from a single center between November 1, 2020 and June 30, 2021.
COVID-19 was diagnosed in patients with clinical symptoms, positive
reverse transcriptase-polymerase chain reaction results on nasopharyn-
geal swab specimens, and typical lung lesions on chest computed
tomography scans. Inclusion criteria were age >18 years at diagnosis of
COVID-19, having radiologic findings of COVID-19 pneumonia, and
>6-month history of transplantation. Cases with a history of active coin-
fections, those who died during the 6-month study period, those having
chronic obstructive pulmonary disease, those on high-dose steroids for
acute rejection, those with increasing doses of immunosuppressive
drugs, or those on biological therapies in the month preceding hospitali-
zation were excluded from the study. Disease severity was categorized
as follows: moderate disease requiring hospitalization but without an
oxygen requirement or an oxygen need of <6 L/min and severe disease
requiring hospitalization with an oxygen need of >6 L/min or
mechanical ventilation. Serum was collected for fetuin-A measurement
at admission and after 6 months of follow-up. Clinical and laboratory
parameters for the disease were prospectively collected and analyzed
concerning outcomes. Our study was approved by the Sakarya Univer-
sity Ethical Committee on April 29, 2022 (no. E-16214662-050.01.04-
128231-67).
Moderate
Critical

18 (51.4)
17 (48.6)

Post-COVID acute rejection, n (%)
Yes
No

6 (17.1)
29 (82.9)

Calcineurin inhibitor withdrawal or tapering, n (%)
Yes
No

12 (34.3)
23 (65.7)

Descriptive results for continuous variables were expressed as mean and SD
or as median and IQR, depending on the normality of their distribution.

ALT, alanine transaminase; ASCVD, atherosclerotic cardiovascular disease;
AST, aspartate transaminase; KTR, kidney transplant recipient.
Statistical Analysis

Data analysis was performed using SPSS version 22 (IBM SPSS, Inc,
Armonk, NY, United States). The variables were investigated using
visual (histograms, probability plot) and analytical methods (Kolmo-
gorov-Smirnov/Shapiro-Wilk’s test) to determine whether they were
normally distributed. Categorical variables are described as frequencies
and percentages. Categorical features and relationships between groups
were assessed using an appropriate x2 test. The continuous variables
are expressed as mean and SD or as the median and IQR, depending on
the normality of their distribution. In 2 different periods of the disease,
the Wilcoxon test was preferred to compare nonparametric variables,
whereas the paired Student t test was used for variables with normal dis-
tribution. While evaluating the area under the curve, a 5% type 1 error
level was used to accept a statistically significant predictive value of the
test variables. The statistically significant 2-tailed P value was consid-
ered < .05.
Fig 1. Comparison of fetuin-A levels according to disease sever-
ity in kidney transplant recipients with COVID-19 at admission.
RESULTS

The general characteristics of the 49 KTRs included in the study
are shown in Table 1. A total of 35 KTRs were included in this
study analysis. The median recipient age was 51.6 § 14.0 years,
and 65.7% were men. All patients received triple immunosup-
pressive therapy with steroids, tacrolimus, and antimetabolite at
admission. On the first day of admission, antimetabolite treat-
ment was discontinued in all patients, and the steroid dose was
increased. At the time of diagnosis of COVID-19, the patients’
median creatinine (IQR) value was 1.29 mg/dL (1.00-1.81), and
the mean estimated glomerular filtration rate was 59.3 §
22.8 mg/min per 1.73 m2. Seventeen patients (48.6%) were crit-
ically ill, requiring intensive care unit support. During follow-
up, biopsy-proven acute rejection developed in 6 (17.1%)
patients, whereas 12 (34.3%) patients required dose reduction
or interruption of calcineurin inhibitors (Table 1).
The fetuin-A median (IQR) value was 173.5 mg/mL (143.5-
199.25) in the moderate patient group at the time of diagnosis
of COVID-19, whereas it was 126.0 mg/mL (89.4-165.5) in the
severe patient group (P = .005; Fig 1). There was no significant
correlation between fetuin-A measured at diagnosis and other
acute phase indicators measured simultaneously. The fetuin-A
median (IQR) value at the time of diagnosis of COVID-19 was
173.5 (143.5-199.25), which was statistically significantly
lower than the fetuin-A level 6 months after diagnosis (208



Fig 2. Comparison of fetuin-A levels at admission and month 6 in
kidney transplant recipients with COVID-19 disease.

Fig 3. The receiver operating characteristic curve of serum
fetuin-A predicts severe SARS-CoV-2 infection at admission.
ROC, receiver operating characteristic.
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[184-229]; P < .001; Fig 2). With receiver operating character-
istic analysis, the effect of serum fetuin-A level in predicting
the severity of COVID-19 disease was significant (area under
the curve: 0.771; P = .006; 95% CI, 0.615-0.927; Fig 3). When
the serum fetuin-A cutoff value is taken as 138 mg/mL to deter-
mine disease severity, it has 83.3% sensitivity and 64.7% speci-
ficity.
DISCUSSION

The mechanical pathways leading to immune dysregulation and
the morbidities caused by severe uncontrolled COVID-19 dis-
ease remain significant challenges for physicians. For the first
time, we have shown that serum fetuin-A deficiency can con-
firm disease severity in hospitalized KTRs with COVID-19. In
addition, we showed that fetuin-A levels were significantly
improved in patients who recovered from the disease 6 months
after the COVID-19 attack. Recently, fetuin-A deficiency has
been shown to predict the disease severity in non-transplanted
patients with COVID-19. [5,6]. Fetuin-A is a negative acute
phase reactant to various inflammatory stimuli and injuries.
Depending on the stimulation mode, fetuin-A can also work as
a positive or negative acute phase protein. Previous studies
showed that fetuin-A deficiency was detected in some bacterial
and viral infections and predicted infection status [5−8]. It may
indicate the crucial role of this hepatokine in COVID-19 patho-
genesis in immunocompromised and normal populations.
Severely affected patients have a poor prognosis and a high

mortality rate compared with more mildly and/or moderately
affected patients [9]. The acute inflammatory response observed
in patients with severe COVID-19 disease has been described
as related to increased inflammatory markers such as C-reactive
protein, ferritin, D-dimer, and elevated levels of some inflam-
matory cytokines and chemokines [9]. However, these indica-
tors may not be specific to disease severity, especially in kidney
transplant patients [4]. Our study found no significant correla-
tion between fetuin-A measured at admission and inflammatory
indicators. A new biomarker panel containing serum fetuin-A,
inter-a-trypsin inhibitor 3, glutamic acid, and cholesteryl esters
demonstrated accurate differentiation of mild COVID-19 from
critical COVID-19 in nontransplant patients [5]. Similarly, in
the present study, the fetuin-A level in severe KTRs was signifi-
cantly lower than in moderately severe patients. The effect
of serum fetuin-A level in predicting the severity of COVID-19
disease was significant (area under the curve: 0.771;
P = .006; 95% CI, 0.615-0.927). Also, the cutoff value taken
as ≥138 mg/mL has been a significant value for determining
disease severity.
Fetuin-A has a pleiotropic role in biological processes such

as immune response regulation and inflammation [10]. The
serum concentration of fetuin-A decreases during the acute
inflammatory response and returns to typical values when the
infection is successfully treated. Similar to the literature, we
also found that low fetuin-A levels on the first day of hospitali-
zation increased significantly after recovery from the infection.
This study had several limitations because it was a descrip-

tive, single-center study with a small sample size. However,
this study questions the specificity and whether fetuin-A deter-
mines disease severity in kidney transplant patients with
COVID-19, and the topic has not been previously described.
In conclusion, the COVID-19 disease in KTRs may have a dif-

ferent inflammatory pattern. We found that fetuin-A deficiency
predisposes to a more severe COVID-19 course in KTRs. Accord-
ing to our small study results, fetuin-A may be the most confirma-
tory biomarker for the severity of COVID-19 disease in transplant
patients. Larger studies with immunocompromised patients are
needed to assess the extent of these inflammation biomarkers
more robustly for COVID-19 infection.
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