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Abstract

Objectives: Kynurenine is the breakdown product of tryptophan. The tryptophan metabolic pathway increases in
COVID-19 infection. This study was designed to reveal the relationship between tryptophan and kynurenine levels and
disease severity. Our study also aimed to explore the relationship between tryptophan-kynurenine levels and patient
survival, need for mechanical ventilation, and length of hospital stay.

Methods: All 82 COVID-19 patients were grouped as severe and mild cases. Serum tryptophan and kynurenine levels
were measured by the ELISA method. Receiver operating characteristic curves were generated to plot the KYN/TRP
ratio and other variables. Multivariate logistic regression analyses were used to assess the strength of associations be-
tween risk factors and patient status. Categorical variables were compared.

Results: The kynurenine/tryptophan level was significantly higher (p<0.001), and the tryptophan level was signifi-
cantly lower (p=0.008) in the severe group. With a cutoff point of 14.2, the kynurenine/tryptophan ratio had 56.1%
sensitivity and 80.49% specificity in predicting COVID-19 severity. In the multivariate logistic regression analysis using
age, troponin, platelet count, ferritin, and kynurenine/tryptophan levels, with a cut-off value of 0.34, the sensitivity and
specificity were 92.6% and 87.8%, respectively. There was no significant difference in tryptophan and kynurenine levels
in terms of patient survival, need for mechanical ventilation, and length of hospital stay.

Conclusion: The kynurenine/tryptophan ratio is valuable in evaluating clinical outcomes of COVID-19 patients, es-
pecially when used in conjunction with age, troponin, platelet count, and ferritin. It is useful in predicting the clinical
course at the time of admission to the emergency department. To our knowledge, the kynurenine/tryptophan ratio,
together with age, troponin, platelet count, and ferritin parameters, is the best model with the highest AUC that can be
used to show early prediction of clinical outcomes in COVID-19.
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he COVID-19 virus has caused a global pandemic [1]. Proin-

flammatory cytokines cause pulmonary fibrinolysis and
damage alveolar epithelial and endothelial cells. As a result,
oxygen (O,) and carbon dioxide (CO,) exchange is prevented,
and hypoxia occurs. Cytokine storms, hypoxia, and fibrosis are
associated with a poor clinical course and increased mortality
[2-4]. Controlling immune reactions is the most vital and chal-
lenging management process for COVID-19 patients [5].

Approximately 95% of tryptophan (TRP), an essential amino
acid, is converted to kynurenine (KYN) and its metabolites in
the liver and kidney. Two rate-limiting enzymes that metabo-
lize TRP are tryptophan-2,3-dioxygenase (TDO) and indoleam-
ine-2,3-dioxygenase 1/2 (IDO1/2) [6, 7]. Under physiological
conditions, TDO, which is expressed mainly in the liver, is regu-
lated by hormones such as cortisol, insulin, glucagon, and epi-
nephrine, while IDO1 is expressed in monocytes and dendritic
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cells and is expressed as interferon-gamma (IFN-y), tumor ne-
crosis factor-alpha (TNF-a), and interleukin-6 (IL-6) [8-10]. The
recently identified IDO2 gene, which has 45% homology with
IDO1, is expressed in the brain, liver, kidney, and epididymis.
However, the metabolic activity of IDO2 is thought to be much
lower than that of IDO1 [11]. In this study, the term 'IDO' re-
fers to IDO1 unless stated otherwise. Local TRP depletion (via
the stress-responsive kinase GCN2 pathway) and an increase
in kynurenine metabolites (via the aryl hydrocarbon receptor
(AhR)) inhibit the proliferation of T cells, convert naive CD4+ T
cells into Treg cells, and direct dendritic cells (DCs) and mac-
rophages towards an immunosuppressive phenotype [12, 13].
By IDO activation, APCs produce inhibitory cytokines such as
IL-10 and transforming growth factor 3 (TGFp) rather than in-
flammatory cytokines such as IL-12. Therefore, IDO activation
can change the nature of APCs and change the entire local
environment from immunogenic to tolerogenic [14, 15].

The KYN/TRP ratio, which reflects IDO activity, is report-
edly higher in COVID-19 patients than in controls [16, 17].
Paradoxically, in COVID-19, a cytokine storm occurs despite
IDO activation [3]. There are some hypotheses on this topic.
Firstly, the TRP metabolic pathway can occur in response to
inflammation and represents an attempt to limit excessive
immune reactivity. However, if it is not enough, a cytokine
storm begins [16]. Secondly, immune tolerance resulting
from the activation of the TRP metabolic pathway weakens
the immune response to the virus and delays its clearance,
thus leading to the development of acute respiratory dis-
tress syndrome (ARDS) and multiple organ failure [18].

The IDO enzyme is probably induced by increased levels of
IFN-y, IL-1, IL-6, TNF-a, and ROS in COVID-19 patients [19]. KYN,
which increases with IDO activation, stimulates AhR and may
cause "systemic aryl hydrocarbon receptor activation syn-
drome," which is associated with hyperinflammation, hyper-
coagulation, and multiple organ damage [20]. For this reason,
it has been hypothesized that the TRP metabolic pathway may
worsen the clinical course of COVID-19 and possibly reduce
the patient's recovery potential [21].

Determining the severity of the disease before the onset of
the cytokine storm in COVID-19 and starting appropriate
treatment accordingly is life-saving. There is a need for param-
eters that shed more light on clinicians working under intense
conditions. The results of our study will provide further infor-
mation on the use of KYN and TRP levels at the time of admis-
sion to emergency departments and will help better predict
the severity of COVID-19.

Materials and Methods

Participant acquisition and sample collection

The study included 82 patients aged >18 years who presented
to the hospital emergency department between 01.01.2022
and 01.08.2022 and had a positive SARS-CoV-2 PCR test. The
exclusion criteria included cancer, inflammatory diseases, rheu-
matological diseases, and allergic diseases that could affect IDO

enzyme activity. Patients were grouped into severe and mild
cases according to the criteria established by the Ministry of
Health [22]. By evaluating the following criteria, patients with at
least one criterion were included in the severe group. Patients
who did not meet these criteria were considered mildly ill.

- Shortness of breath,
Respiratory rate 228/minute,

- Oxygen saturation <93% or PAO, <60 mmHg despite oxy-
gen support of 5 liters/minute or more

- PAO,/FIO, <300,

More than 50% involvement with clinical worsening on
chest X-ray or tomography,

+ Hypotension (systolic blood pressure <90 mmHg, >40
mmHg decrease from normal systolic blood pressure, mean
arterial pressure <65 mmHg) or vasopressor requirement,

Skin perfusion disorders, lactate >4 mmol/L, sequential or-
gan failure assessment score (=2 unit increase in SOFA score),

Troponin elevation or arrhythmia.

Patients were followed for 4 months to determine their sur-
vival. Follow-up lasted 4 months, as surviving patients fully re-
covered during this time. All participants gave informed con-
sent to participate in this study, which was approved by the
local ethics committee. Yellow cap gel blood tubes (SARSTED)
were used to collect blood samples during admission to the
emergency department. Samples were allowed to clot for
20-30 min. Samples were centrifuged at 4000xg for 10 min-
utes. Serum obtained from blood samples was divided into
two equal parts and placed in Eppendorf tubes. Samples were
stored at -80°C until the day of analysis. Samples were kept
at room temperature until completely thawed before analysis.
All laboratory records, radiological imaging, and clinical exam-
ination findings were recorded.

Sample analysis

Serum KYN levels were measured using a Human Kynurenine
ELISA Kit (Sunred Biological Technology, China). Different
standard concentrations were obtained by diluting the lyo-
philized standard included in the kit. Following the kit pro-
cedure, the absorbance of the examined samples was mea-
sured at 450 nm with an EBLX-800 microplate reader (BioTek
Instruments, Inc., USA). Concentrations corresponding to
sample absorbance were calculated by the formula obtained
from the standard curve plot (sensitivity: 13.672 nmol/
mL, assay range: 15 nmol/mL —4000 nmol/mL, intra-assay
CV<10%). Serum TRP levels were measured using a Human
Tryptophan ELISA Kit (Cloud Clone USCN, USA). Different
standard concentrations were obtained by diluting the lyo-
philized standard included in the kit. Following the kit pro-
cedure, the absorbance of the examined samples was mea-
sured at 450 nm with an EBLX-800 microplate reader (BioTek
Instruments, Inc.,, USA). Concentrations corresponding to
sample absorbance were calculated by the formula obtained
from the standard curve (sensitivity: 0.55 pg/mL, detection
range: 1.23-100 pg/mL, intra-assay: CV<10%).
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Table 1. Demographic data and laboratory findings of patients infected with COVID-19 upon admission to the hospital

Parameters Mild (n=41) Severe (n=41) P
Gender (male), n (%) 16 (39) 27 (66) 0.013
Age (years) 56 (40-65) 67 (56-82) <0.001
Oxygen saturation 96 (94-97) 89 (86-91) <0.001
Glucose (mmol/L) 6.82 (5.62-8.41) 8.15(7.00-13.48) <0.001
Urea (mmol/L) 5.16 (4.16-5.99) 8.15(5.16-14.15) <0.001
Creatinine (umol/L) 77.8 (62.8-94.6) 89.3(81.4-121.1) 0.002
AST* (U/L) 26 (20-40) 36 (29-47) 0.020
ALT* (U/L) 24 (18-34) 26 (18-33) 0.714
CRP* (mg/L) 37.6(13.9-87.2) 114.78 (66.97-175.7) <0.001
Ferritin (ug/L) 233 (108-650) 625 (234-1105) 0.006
Procalcitonin (ug/L) 0.07 (0.05-0.11) 0.17 (0.12-0.43) <0.001
Laktate (mmol/L) 1.51(1.23-2.03) 2.09 (1.57-3.25) <0.001
PaO_/FiO, (mmHg) 377.9 (310.2-402.1) 300.2 (280.8-315.6) <0.001
Hemoglobin (g/L) 13.2(12.2-14.2) 13.6 (11.6-14.9) 0.752
Hematocrit (%) 38.2 (36-42.5) 40.6 (35.4-45.4) 0.207
Platelet (x10°/L) 206 (155-268) 195 (166-262) 0.802
WBC?® (x10°/L) 7.15(5.21-9.74) 7.24 (5.76-11.29) 0.481
Lymphocyte (%) 20 (14.1-26.6) 11.5 (8.7-20) <0.001
NLRI 3.62 (2.49-5.51) 7.04 (3.7-10.06) <0.001
D-dimer (mg/L) 420 (260-889.45) 710 (520-1830) 0.004
aPTT' (sec) 30 (27.6-31.6) 30.6 (27.7-32.7) 0.484
INR** 0.99 (0.93-1.08) 1.1 (1-1.21) 0.002
Troponin (ng/L) 0.007 (0.004-0.015) 0.014 (0.009-0.064) <0.001
Kynurenine (nmol/mL) 268 (151-507) 272 (187-1014) 0.068
Tyrptophan (ug/mL) 23.2(7.9-48.5) 18.6 (7.4-36.7) 0.008
Kynurenine/Tyrptophan 11.1 (4.7-28.1) 15.0 (6.0-53.5) <0.001
Exitus, n 3 23 <0.001
Need of mechanic ventilation, n 0 9 <0.001

Descriptive statistics are presented as medians (IQR) or frequencies with percentages. *: Aspartate aminotransferase; ': Alanine aminotransferase; *: C reactive protein; 5: White
Blood Cell; I: Neutrophil-to-lymphocyte ratio; : Activated Partial Thromboplastin Time; **: International Normalized Ratio. AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; CRP: C-reactive protein; PaO,: Arterial partial pressure of oxygen; FiO,: Fraction of inspired oxygen; WBC: White blood cell; NLR: Neutrophil-lymphocyte ratio;

aPTT: Activated partial thromboplastin time; INR: International normalized ratio; n: Number.

Statistical analysis

The Shapiro-Wilk test was used to determine whether the
data were normally distributed. The results are presented as
the meanzstandard deviation, median (minimum-maximum),
or frequency and percentage. Normally distributed data were
compared with independent sample t-tests or one-way ANO-
VA. The Kruskal-Wallis and Mann-Whitney U tests were used
for nonnormally distributed data. The Bonferroni correction
was used as a multiple comparison test. Categorical variables
were compared between groups using Pearson's chi-square
and Fisher's exact tests. p<0.05 was considered to indicate sta-
tistical significance. All the statistical analyses were performed
with IBM SPSS ver. 23.0.

Receiver operating characteristic (ROC) curves were generat-
ed to plot the KYN/TRP ratio and other variables. The sensi-
tivity, specificity, positive likelihood ratio (+LR), and negative
() LR were also determined for the optimal cutoff value. The

performance of the KYN/TRP ratio and other variables in pre-
dicting patient status was determined using receiver operat-
ing characteristic (ROC) curves, with the area under the curve
(AUC) being the primary interest. Multivariate logistic regres-
sion analyses were used to assess the strength of associations
between risk factors and patient status, and curves were gen-
erated to determine optimal cutoff values. MedCalc Statistical
Software version 20.015 was used for ROC analysis.

Results

In the severe group, the KYN/TRP ratio reflecting IDO activity
was significantly higher than that in the mild group (p<0.001),
while the TRP level was significantly lower in the severe group
(p=0.008). The KYN level was higher in severely ill patients
than in healthy patients (p>0.05) (Table 1).

There was no significant difference between genders in KYN/
TRP, TRP, or KYN levels. After the patients were grouped as se-
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Table 2. Diagnostic test results for the prediction of severe COVID-19

AUC Cutoff Sensitivity % Specificity % Positive Negative
(95% CI) (95% CI) Likelihood Likelihood
ratio ratio

Age 0.736 52 87.80 48.78 1.71 0.25
(73.8-95.9) (32.9-64.9)

Kynurenine 0.617 225.07 90.24 34.15 1.37 0.29
(76.9-97.3) (20.1-50.6)

Tyrptophan 0.67 18.1 48.8 80.5 2.50 0.64
(32.9-64.9) (65.1-91.2)

Kynurenine/Tyrptophan 0.71 14.2 56.1 80.5 2.88 0.55
(39.7-71.5) (65.1-91.2)

Ferritin 0.675 226.8 80.49 48.78 1.57 0.40
(65.1-91.2) (32.9-64.9)

Platelet 0.516 102 12.20 100.00 = 0.88
(4.1-26.2) (91.4-100.0)

Troponin 0.747 0.026 41.46 97.56 17.00 0.60
(26.3-57.9) (87.1-99.9)

Kynurenine/Tyrptophan, Ferritin, 0.94 0.39 92.6 87.8 7.60 0.08

Platelet, Troponin, Age (80.1-98.5) (73.8-95.9)

AUC:Area under the curve; Cl: Confidence interval.

vere or mild, it was observed that KYN levels were significantly
higher in men (299 (151-404) nmol/mL) than in women (227
(168-507) nmol/mL) only in mild patients (p=0.010).

There was no correlation between the laboratory parameters
in Table 1 and TRP-KYN levels. After patients were grouped
into severe and mild groups, correlations were observed be-
tween KYN/TRP levels and Hb (p=0.009), Hct (p=0.003), INR
(p=0.031), and aPTT (p=0.002) levels only in mild patients.

Only 9 patients died during treatment. There were no sig-
nificant differences in TRP, KYN, or KYN/TRP levels between
deceased and surviving patients. In addition, no significant
differences were detected in TRP or KYN levels in terms of me-
chanical ventilation need or hospital stay duration.

ROC analysis was performed to determine the effect of TRP,
KYN, and KYN/TRP levels on disease severity (Table 2).

According to the univariate logistic regression analysis, the
AUC of TRP was 0.67, its sensitivity was 48.8%, its specificity
was 80.5%, the AUC of KYN/TRP was 0.71, its sensitivity was
56.1%, and its specificity was 80.5%. Multiple logistic regres-
sion analysis was performed with various variations using the
patients’ demographic data and laboratory parameters. The
combination of age, troponin level, platelet count, ferritin lev-
el, and KYN/TRP ratio had the highest AUC. According to the
multivariate logistic regression analysis, the AUC was 0.94, the
sensitivity was 92.6%, and the specificity was 87.8% in deter-
mining disease severity (Fig. 1).

Discussion

Lower TRP and higher KYN levels have been reported in
COVID-19 patients compared to healthy individuals [17, 23]. A

meta-analysis of 1269 individuals, consisting of 794 COVID-19
patients and 475 controls, revealed a significant increase in
the KYN/TRP ratio (p<0.0001) and KYN level, and a significant
decrease in the TRP level [17]. In a study including 239 healthy
individuals and 89 COVID-19 patients, it was observed that the
KYN/TRP ratio in patients was 3.7 times higher than in healthy
controls. The AUC for KYN/TRP levels at the time of COVID-19
diagnosis was 0.97 (95% C1=0.9463-0.9937, p<0.0001). Plasma
TRP concentrations of the patients at admission were higher
than the last sample before death (30.1£10.0 vs. 25.5+9.4
pmol/L), KYN (p=0.013) and KYN/TRP levels (p=0.080) lower
[23]. McPadden et al. [24] reported that TRP levels in the ce-
rebrospinal fluid of patients with and without COVID-19 were
19.4+16.4 and 24.8+18.9 umol/L, respectively. In a meta-anal-
ysis study including 773 patients, KYN/TRP levels were found
to be significantly higher in seriously ill patients (p<0.001) [17].
Similarly, we detected significantly lower TRP levels (p=0.008),
higher KYN levels, and higher KYN/TRP ratios reflecting IDO
activity (p=0.001) in severe patients compared to mild pa-
tients. Our results support the hypothesis that the TRP meta-
bolic pathway is a potential marker of COVID-19 severity and
can be targeted by therapeutic intervention.

Studies show that COVID-19 progresses worse in men than
in women. Lionetto et al. [16] reported that KYN levels were
higher in male patients than in female patients (p=0.004),
but there was no gender-related difference in TRP levels.
McPadden et al. [24] found higher hospitalization (OR 1.68,
95% Cl=1.45-1.90) and in-hospital mortality (OR 1.87, 95%
Cl=1.33-2.63) rates in male patients. In our study, no signif-
icant difference was detected in TRP or KYN levels between
genders in the severe group, while in the mild group, KYN
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Figure 1. ROC analysis of univariate and multivariable logistic regression models for predicting severity of COVID-19. ROC analysis of
parameters are shown in (a) age, (b) kynurenine, (c) tryptophan, (d) kynurenine/tryptophan, (e) ferritin, (f) platelet, (g) troponin, (h) kynurenine/

tyrptophan, ferritin, platelet, troponin, age graphs.
ROC: Receiver operating characteristic.

levels were significantly higher in men (299 (151-404) nmol/
mL) than in women (227 (168-507) nmol/mL) (p=0.010).
This difference may be due to the rapid turnover rate of KYN
in female patients.

ARDS is one of the causes of death in COVID-19 patients.
Data obtained from a multicenter study showed that PaO_/
FiO,, which reflects tissue oxygenation, was lower and lac-
tate levels were higher in deceased patients [19]. Similarly,
the PaO,/FiO, ratio was significantly lower, and the lactate
level was significantly higher in the severe group (p<0.001)
in this study. However, we did not find a significant relation-
ship between PaO_/FiO, ratio, lactate level, mechanical ven-
tilation need, and TRP-KYN levels.

In the study conducted by Michaelis et al. [25], no significant dif-
ference was found in the KYN/TRP ratio at the time of admission
between deceased (n=24) and surviving (n=81) patients. How-
ever, after one week, a significant decrease in KYN levels was
observed in the surviving group, while a significant increase in
KYN levels was observed in the deceased group. Researchers
stated that the decrease in KYN is associated with the improve-
ment in the clinical course, while the increase in KYN may be a
sign of worsening of the disease and poor outcomes. Similarly,
in this study, there was no significant difference in TRP, KYN, or
KYN/TRP levels at admission between deceased and surviving
patients. However, since we did not measure TRP and KYN lev-
els again in the following period, we could not reach such an
interpretation. Additionally, there was no correlation between
length of hospital stay and TRP, KYN, or KYN/TRP levels.

According to a meta-analysis, ferritin, D-dimer, procalcitonin,
C-reactive protein, and troponin levels were associated with
COVID-19 severity and mortality [26]. These parameters were
significantly higher in the severe group but were not correlat-
ed with KYN or TRP levels in this study.

The TRP metabolic pathway likely contributes to the patho-
physiology, severity, and progression of COVID-19 [17]. In this
study, the KYN/TRP ratio had a sensitivity of 56.1% and specific-
ity of 80.5% in predicting the severity of COVID-19, with an AUC
of 0.71. Multivariate logistic regression analysis was performed
with different parameter combinations to determine the role
of these parameters in predicting disease severity. The highest
AUC was reached by regression analysis of age, troponin level,
platelet count, ferritin level, and KYN/TRP ratio. According to
multivariate logistic regression analysis, sensitivity was 92.6%,
specificity was 87.8%, and AUC was 0.94. Hu et al. [27] reported
that the sensitivity and specificity of a model consisting of age,
lymphocyte count, serum albumin level, and NLR in predicting
severe COVID-19 were 90.5% and 84.2%, respectively. Liang et
al. [28] reported the AUC as 0.77 in the COVID-19 Gram model
they developed to predict critical diseases. According to the
NEWS2 model developed by De Socio et al. [29], the AUC was
0.87. According to multivariate regression analysis in our study,
AUC, sensitivity, and specificity were higher than other studies.
When evaluated together with parameters such as age, tro-
ponin, and platelet count, ferritin, this result showed that the
KYN/TRP ratio is more valuable than other prediction models
in predicting disease severity in the early period.
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Limitations

Several limitations should be taken into account when inter-
preting these results. Due to the retrospective design, only
routinely measured parameters were available for statistical
analysis. Since all studies showed that there was a significant
increase in KYN/TRP levels in the patient group compared to
the control group and there was no study showing the oppo-
site effect, we did not include the control group in our study to
increase the patient population. We also had no information
about how long the patients had been symptomatic. There-
fore, it may be possible that these patients are at slightly differ-
ent stages of COVID-19 disease. Measuring TRP and KYN levels
on different days could explain their effect on the course of
the disease more meaningfully. Therefore, a larger, long-term
follow-up cohort with repeated measurements is required.

Conclusion

The TRP metabolic pathway is activated in severe COVID-19
patients. To our knowledge, the KYN/TRP ratio, together with
age, troponin, platelet count, and ferritin parameters, is the
model with the best AUC for early prediction of clinical out-
comes in COVID-19. Our study provided emergency physi-
cians with more information and offered an alternative to bet-
ter guide them early in predicting the severity of COVID-19.
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