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Abstract 
Introduction: The global Coronavirus Disease 2019 (COVID-19) pandemic has been demonstrated to cause severe acute respiratory syndrome 
and is frequently associated with gastrointestinal (GI) manifestations. Intestinal fatty acid binding protein (IFABP) and citrulline have been 
identified as potential biomarkers of intestinal (dys)function. The present study was undertaken to ascertain the relationship between serum 
IFABP and citrulline concentrations and mortality in patients with COVID-19. 
Methodology: This observational study was conducted in the medical intensive care unit (ICU) and included adult patients diagnosed with 
PCR-confirmed cases of severe acute respiratory syndrome (SARS-CoV-2). Serum citrulline and IFABp concentrations were quantitatively 
analyzed using an enzyme-linked immunosorbent assay (ELISA) within the initial 24 hours following ICU admission.  
Results: A total of 85 critically ill patients (mean age: 70.0 ± 12.4 years) were recruited for this study. The mean Acute Physiology and Chronic 
Health Evaluation (APACHE II) score was 20.0 ± 7.1. In comparison with survivors (n = 48 patients), non-survivors (n = 37 patients) exhibited 
significantly elevated serum IFABp concentrations (median (interquartile range, IQR): 13.27 [6.41-17.87] vs. 7.23 [3.26-12.25] ng/mL, p = 
0.007) and diminished citrulline levels (median (IQR): 7.61 [4.37-8.52] vs. [4.67 (3.34-8.90] nmol/L, p = 0.043). Receiver operating 
characteristic (ROC) analysis revealed that the cut off value of serum IFABp and citrulline concentrations to predict ICU mortality was 8.15 
ng/mL (AUC: 0.722, 95% Cl: 0.611-0.833, p = 0.001) and 5.99 nmol/L (AUC: 0.671, 95% Cl: 0.551-0.791, p = 0.009), respectively.  
Conclusions: The findings of this study indicate that serum IFABP and citrulline concentrations possess the potential to function as biomarkers 
for predicting mortality in critically ill patients with confirmed cases of SARS-CoV-2. 
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Introduction 

Coronavirus Disease 2019 (COVID-19) has been 
associated with unfavorable clinical outcomes, 
including acute respiratory distress syndrome, 
renal/hepatic dysfunction, and multiple organ 
dysfunction syndrome [1]. The intestinal host cells are 
central to the pathophysiological processes triggered by 
sepsis. Viral spike proteins that bind to the angiotensin-
converting enzyme (ACE) receptor have been shown to 
be capable of infecting the gastrointestinal tract [2]. 
Previous studies have demonstrated that patients with 
COVID-19 have experienced gastrointestinal 
symptoms and/or dysfunction [3-5]. 

Intestinal fatty acid binding protein (IFABP) is 
predominantly located in enterocytes and plays a 
pivotal role in the metabolism of long-chain fatty acids. 
It is considered a biomarker of intestinal cellular 
damage [6]. In healthy individuals, enterocyte turnover 
occurs naturally, resulting in undetectable or low 
IFABp concentrations [7]. However, IFABp may 
increase under certain clinical conditions, including 
sepsis/septic shock [8,9], trauma [10], and critical 
illness [10-12].  

Citrulline is a non-essential amino acid that is 
synthesized from glutamine in the enterocytes. 
Citrulline has been identified as a limiting factor in the 



Onuk et al. – COVID-19 and Intestinal Barrier Function J Infect Dev Ctries 2025; 19(7):1024-1029. 
 

1025 

de novo synthesis of arginine, a process that plays a 
crucial role in nitric oxide metabolism [13]. It is posited 
to be a marker of enterocyte (dys)function in critically 
ill patients [6]. Several studies have reported that 
citrulline levels are reduced in critically ill patients and 
that this reduction is associated with poor clinical 
outcomes [11,14,15]. 

The objective of this study was to ascertain the 
serum concentrations of IFABp and citrulline in order 
to predict the mortality risk of patients diagnosed with 
COVID-19 in the intensive care unit (ICU). 

 
Methodology 
Study design and population 

This observational study was conducted in the 
medical ICU of Kayseri City Training and Research 
Hospital between July 2021 and September 2021. The 
study was approved by the local ethics committee, and 
all procedures were performed in accordance with the 
ethical standards of the responsible committee on 
human experimentation (institutional and national) and 
the Helsinki Declaration of 1975 (revised in 2008). 
Written informed consent was obtained from all 
participants or legal guardians at the time of admission 
to the study. 

The study inclusion criteria were as follows: age ≥ 
18 years, PCR-confirmed diagnosis of COVID-19 
infection, and an expected need for ICU treatment for a 
period exceeding 48 hours. In the context of our clinical 
practice, patients exhibiting the following conditions 
were deemed to necessitate the provision of ICU 
support [16]: 

• Dyspnea and respiratory distress 
• Respiratory rate ≥ 28 breaths per minute 
• Oxygen saturation < 93% or partial oxygen 

pressure < 60 mmHg despite nasal oxygen 
support of ≥ 5 liters/min 

• PaO2/FiO2 < 300 
• Clinical deterioration and bilateral infiltrates on 

chest X-ray or tomography or multilobar 
involvement or increased infiltrates compared 
to previous imaging 

• Hypotension (systolic blood pressure < 90 
mmHg, > 40 mmHg decreases from usual 
systolic blood pressure, mean arterial pressure 
< 65 mmHg) or vasopressor requirements 

• Skin perfusion abnormalities, lactate > 4 
mmol/L, Sequential Organ Failure Assessment 
(SOFA) score ≥ 2 units increase 

• Elevated cardiac enzymes (troponin) or 
arrhythmia findings 

• Macrophage activation syndrome (MAS) 
findings 

Patients with malignancy, acute or chronic 
mesenteric ischemia, short bowel syndrome resulting 
from gastrointestinal surgery, or coeliac disease were 
excluded from the study. 

 
Data collection 

Age, gender, body mass index (BMI), clinical 
symptoms related to COVID-19 infection, and 
comorbidities of the study participants were recorded. 
Following admission to the ICU, the severity of illness 
was evaluated using the following scoring systems: the 
Acute Physiology and Chronic Health Evaluation 
(APACHE II) score, the SOFA score, and the Glasgow 
Coma Scale (GCS). The nutritional status of study 
participants was assessed using The Nutrition Risk in 
Critically Ill (NUTRIC) score [17], a specific tool for 
ICU patients. A NUTRIC score of > 5 was defined as 
malnutrition. The administration of mechanical 
ventilation (MV) to the participants was documented 
throughout their stay in the ICU. 

 
Blood analysis 

Peripheral blood samples were collected in serum‐
separating tubes within the first 24 hours following 
admission to the ICU. Serum samples were separated 
by centrifugation at 1500 × g with a refrigerated 
centrifuge for a period of 10 minutes within 60 minutes 
of sample collection. Subsequently, they were then 
aliquoted and stored at -80 °C until analysis. Serum 
IFABp and citrulline concentrations were analyzed 
using an ELISA method (Cat No: E1541Hu for IFABp 
and Cat No: E3718Hu for citrulline, Bt-Laboratory, 
Shanghai, China). 

 
Statistical analysis 

All data were analyzed using SPSS software 
(version 26.0). Continuous data are presented as mean 
± standard deviation (SD) or median (25th-75th 
quartile, IQR), in accordance with the normality of the 
data, as determined by the Shapiro-Wilk test. 
Categorical data are presented as numbers 
(percentages). The difference between two sets of 
continuous data was analyzed using two independent 
sample T test or Mann-Whitney U tests. The chi-square 
test was used to assess the differences between the 
categorical variables. The correlation between serum 
IFABp and citrulline concentration was analyzed using 
Spearman's correlation analysis. Spearman's rho was 
classified as: < 0.2, negligible; 0.2-0.4, weak; 0.4-0.6, 
moderate; 0.6-0.8, strong; and 0.8-1.0, very strong. A 
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receiver operating characteristic (ROC) analysis was 
conducted to predict ICU mortality based on serum 
levels of IFABp and citrulline. The area under the curve 
(AUC), including 95% confidence intervals (CI), cutoff 
point, sensitivity, and specificity were established using 
the Youden Index. Statistical significance was set at a p 
of 0.05 or less for all tests. 

 
Results 

A total of 85 critically ill patients were enrolled in 
this study. The mean age of the study participants was 
70.0 ± 12.4 years and 55.3% were male. Of the 85 
participants, 48 were classified as survivors and 37 as 
non-survivors. The non-survivor group exhibited a 
significantly older age compared to the survivor group 
(73.1 vs 67.7 years, p = 0.034). Non-survivors had 
significantly elevated APACHE II and SOFA scores in 
comparison to survivors (p = 0.014 and p = 0.008, 
respectively). In addition, non-survivor patients had a 
significantly higher prevalence of malnutrition 
compared to survivors (p < 0.05). Furthermore, 73% of 
the deceased patients received MV, with a significantly 
higher rate of MV treatment than that observed in 
surviving patients (p < 0.001) (Table 1). 

Non-survivors exhibited significantly elevated D-
dimer levels compared to survivors (p = 0.023).  

  

Table 1. Patient demographics and clinical characteristics. 
Variable Total (n = 85) Survivors (n = 48) Non-survivors (n = 37) p 
Age (years), mean ± SD 70.0 ± 12.4 67.7 ± 14.4 73.1 ± 8.6 0.034 
Gender, n (%)     
Male 47 (55.3) 27 (56.3) 20 (54.1) 0.84 
Female 38 (44.7) 21 (43.8) 17 (45.9)  
Body mass index (kg/m2), mean ± SD 27.0 ± 3.9 26.6 ± 3.8 27.5 ± 4.1 0.331 
Clinical symptoms, n (%)    

 
Nausea/vomiting 13 (15.3) 7 (14.6) 6 (16.2) 
Fever 8 (9.4) 6 (12.5) 2 (5.4) 
Cough 7 (8.2) 5 (10.4) 2 (5.4) 
Digestive symptoms 2 (2.4) 2 (4.2) - 
Abdominal pain 1 (1.2) 1 (2.1) - 
Severity illness scores at ICU admission, mean ± SD     
APACHE II 20.0 ± 7.1 18.3 ± 6.2 22.1 ± 7.7 0.014 
SOFA score 5.8 ± 2.6 5.1 ± 2.2 6.6 ± 2.9 0.008 
GCS 12.5 ± 3.9 13.2 ± 3.1 11.6 ± 4.7 0.072 
Comorbidity, n (%)    

 

Hypertension 43 (50.6) 20 (41.7) 23 (62.2) 
Diabetes mellitus 34 (40.0) 17 (35.4) 17 (45.9) 
Cerebrovascular disease 23 (27.1) 12 (25.0) 11 (29.7) 
Chronic obstructive pulmonary disease 21 (24.7) 14 (29.2) 7 (18.9) 
Coronary artery disease 11 (12.9) 7 (14.6) 4 (10.8) 
Chronic kidney disease 10 (11.8) 4 (8.3) 6 (16.2) 
Congestive heart failure 9 (10.6) 6 (12.5) 3 (8.1) 
Malignancy 3 (3.5) 1 (2.1) 2 (5.4) 
NUTRIC score, median (IQR) 5.0 (4.0-6.0) 5.0 (4.0-5.8) 6.0 (4.0-7.0) 0.004 
Malnutrition risk, n (%) 54 (63.5) 27 (56.3) 27 (73.0) 0.046 
Patients treated with IMV, n (%) 29 (34.1) 2 (4.2) 27 (73.0) < 0.001 
Duration of IMV (hour), mean (min-max) 54.1 (0-785.0) 3.4 (0-91.0) 120.0 (0-785.0) < 0.001 
Length of hospital stay (day), median (IQR) 12.0 (8.0-20.0) 14.0 (10.3-25.0) 9.0 (5.5-12.0) 0.288 
Length of ICU stay (day), median (IQR) 8.0 (5.0-12.0) 8.0 (5.0-12.5) 9.0 (5.5-12.0) < 0.001 
GCS: Glasgow Coma Scale, ICU: Intensive care unit, IMV: Invasive Mechanical Ventilation; NUTRIC: The Nutrition Risk in Critically ill score, SOFA: 
Sequential Organ Failure Assessment. 

Figure 1. The median serum IFABp and serum citrulline 
concentrations of survivors and non-survivors. 

A. illustrates the median serum IFABp value and B. serum citrulline value 
of the surviving (n = 48) and non-surviving participants (n = 37). The 
difference between the two groups was analyzed using the Mann-Whitney 
U test. 
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The deceased participants exhibited significantly 
elevated creatinine and blood urea nitrogen (BUN) 
levels compared to the surviving participants (p = 0.020 
and p = 0.004, respectively). The median lactate level 
was observed to be significantly higher in non-
survivors (p = 0.018) (Supplementary Table 1).  

Survivors had significantly lower serum IFABp 
values than non-survivors (median (IQR): 7.23 [3.26-
12.25] ng/mL vs. 13.27 [6.41-17.87] ng/mL, p = 0.007). 
The median serum citrulline value of survivors was 
significantly higher than that observed in non-survivors 
(7.61 [4.37-8.52] µmol/L vs. 4.67 [3.34-8.90] µmol/L, 
p = 0.043) (Figure 1). 

ROC analysis demonstrated that the cut-off values 
of serum IFABp and citrulline concentrations for the 
prediction of ICU mortality were 8.15 ng/mL (AUC: 
0.722, 95% Cl: 0.611-0.833, sensitivity: 72%, 
specificity: 76%, p = 0.001) and 5.99 nmol/L (AUC: 
0.671, 95% Cl: 0.551-0.791, sensitivity: 68%, 
specificity: 67%, p = 0.009) (Figure 2).  

 
Discussion 

To the best of our knowledge, this is the most 
comprehensive study investigating both IFABp and 
citrulline levels in the largest sample of critically ill 
COVID-19 patients. In the present study, we evaluated 
the clinical performance and prognostic value of serum 
IFABp and citrulline concentrations in a cohort of 85 
critically ill patients with COVID-19. Non-survivors 
exhibited markedly elevated serum IFABp levels and 
significantly reduced citrulline concentrations relative 
to survivors. Moreover, serum IFABp (cut-off point: 
8.15 ng/mL) and citrulline concentrations (cut-off 
point: 5.99 nmol/L) were capable of significantly 
predicting ICU mortality in study participants. 

COVID-19 primarily manifests via the respiratory 
route, with the lungs being the primary organ affected. 
However, in cases of COVID-19 infection, respiratory 
symptoms are frequently accompanied by 
gastrointestinal signs. Clinical evidence indicates that 
the intestine may serve as an additional viral target 
organ in patients with COVID-19, exhibiting elevated 
levels of the SARS-CoV-2 receptor angiotensin-
converting enzyme 2 (ACE2) [18-20]. In the present 
study, the concentration of IFABp, a biomarker of 
enterocyte apoptosis, was found to be significantly 
higher in non-survivors than in survivors. Furthermore, 
our findings indicate that a serum IFABp concentration 
exceeding 8.15 ng/mL can be utilized to predict ICU 
mortality. Similarly, Tyszko et al. [21] conducted a 
prospective study examining the correlation between 
consecutive plasma IFABp and citrulline levels and 

mortality in 40 critically ill patients diagnosed with 
COVID-19. The plasma IFABp values were 
significantly higher in the non-survivor study 
participants than in the survivor patients and were a 
reliable predictor of 28-day mortality. A multicenter 
study conducted by Saia et al. [22] reported that 
critically ill patients with confirmed COVID-19 
infection and subsequent mortality had higher urinary 
IFABp levels than patients with less severe illness. 
Moreover, elevated IFABp levels were significantly 
correlated with unfavorable outcomes and severe 
illness. Another study demonstrated that serum IFABp 
concentrations were markedly lower in hospitalized 
patients with COVID-19 infection than in those with 
non-COVID-19 [4]. Nevertheless, the present study 
comprised a small number of non-ICU patients.  

Citrulline is considered to be a marker of enterocyte 
mass and function. In our cohort, the low serum 
citrulline concentrations were observed to be lower in 
non-survivors than in survivors and were found to be 
associated with ICU mortality. Uzzan et al. [23] 
conducted a prospective study to investigate the 
relationship between plasma citrulline concentrations 
and systemic inflammation, as well as gastrointestinal 
symptoms in 26 hospitalized COVID-19 patients. Their 
findings indicated that patients with COVID-19 
exhibited decreased plasma citrulline concentrations, 
which correlated with adverse clinical outcomes, 
including digestive symptoms (e.g., nausea, vomiting, 
abdominal pain, and diarrhea) and systemic 
inflammation. However, that study reported no 
significant association between low plasma citrulline 

Figure 2. The ROC analysis of serum IFABp and serum citrulline 
value to predict mortality. 

The figure illustrates the receiver operating characteristic (ROC) curve of 
serum IFABp and citrulline concentrations in predicting intensive care unit 
(ICU) mortality among the 85 study participants. 
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levels and mortality. Another study [21] found no 
significant association between plasma citrulline 
concentration and mortality in critically ill patients with 
COVID-19. This discrepancy may be attributable to the 
fact that the latter study had a smaller sample size than 
our own and included patients with varying degrees of 
illness severity. Piton et al [15] conducted a prospective 
observational study comprising 103 critically ill 
patients to assess the relationship between plasma 
citrulline and 28-day mortality. Their findings 
demonstrated that plasma citrulline levels were 
significantly lower in non-survivors than in survivors 
and served as a significant predictor of 28-day 
mortality. 

This study has some limitations. The study design 
did not incorporate consecutive sampling of serum 
IFABp and citrulline concentrations. Furthermore, 
there are potential limitations in the interpretation of 
IFABP and citrulline levels, including the reliance on 
laboratory assays, the absence of standardized 
measurement methodologies, and the lack of 
population-specific reference intervals. Future research 
should aim to validate these findings through studies 
employing larger sample sizes and longitudinal data 
collection. 

Our data indicated that non-survivors exhibited 
markedly elevated serum IFABp concentrations and 
diminished serum citrulline levels in comparison to 
survivors. Furthermore, serum IFABp and citrulline 
levels demonstrated a significant capacity to predict 
ICU mortality in critically ill patients with COVID-19.  
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Annex – Supplementary Items 
 
Supplementary Table 1. The clinical data of study participants. 
Variable Total (n = 85) Survivors (n = 48) Non-survivors (n = 37) p 
WBC 11.7 (6.7-14.6) 11.7 (6.7-14.1) 11.6 (6.9-17.6) 0.620 
Lymphocyte 0.8 (0.5-1.3) 0.8 (0.5-1.3) 0.7 (0.4-1.1) 0.400 
neutrophil 10.0 (5.4-12.8) 10.0 (5.6-12.8) 9.9 (5.4-15.3) 0.749 
Hemoglobin 12.7 (11.3-14.4) 12.7 (11.2-14.4) 13.1 (11.3-14.5) 0.821 
Platelet 218.0 (160.0-299.5) 216.5 (145.0-313.0) 224.0 (162.5-294.5) 0.996 
INR 1.11 (1.05-1.21) 1.10 (1.04-1.19) 1.13 (1.08-1.28) 0.122 
D-dimer 1656 (1005-3416) 1245 (878-2564) 2054 (1342-4050) 0.023 
fibrinogen 5935 (5052-7232) 5630 (4525-7510) 6210 (5485-7140) 0.488 
Ferritin 711 (384-1414) 661 (385-1121) 920 (374-1746) 0.337 
Glucose 157.0 (117.0-232.0) 139.0 (109.3-210.3) 165.0 (137.5-251.0) 0.161 
BUN 30.0 (21.0-49.5) 25.0 (18.0-35.3) 38.0 (27.0-53.0) 0.004 
Creatinine 1.15 (0.90-1.69) 1.08 (0.84-1.36) 1.43 (1.01-2.25) 0.014 
Troponin 25.0 (14.8-58.5) 20.8 (10.4-40.8) 47.5 (16.8-192.3) 0.020 
Total bilirubin 0.50 (0.32-0.70) 0.50 (0.40-0.70) 0.50 (0.30-0.70) 0.886 
AST 36.0 (26.0-55.0) 29.5 (22.3-39.0) 44.0 (34.5-67.0) <0.001 
ALT 26.0 (18.0-37.5) 25.0 (15.8-39.8) 28.0 (22.0-37.0) 0.206 
LDH 469.0 (360.5-631.5) 424.0 (339.0-558.5) 561.0 (440.0-812.8) 0.002 
CRP 114.0 (61.5-176.5) 110.0 (62.0-174.5) 122.0 (60.0-178.0) 0.982 
Procalcitonin 0.33 (0.15-0.99) 0.30 (0.12-1.10) 0.35 (0.17-0.96) 0.563 
Albumin 3.2 (2.9-3.5) 3.2 (3.0-3.5) 3.1 (2.8-3.4) 0.073 
Lactate 1.9 (1.4-2.9) 1.6 (1.1-2.6) 2.4 (1.5-3.2) 0.018 
ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, BUN: Blood urea nitrogen, CRP: C-reactive protein, INR: International normalized ratio, 
LDH: Lactate dehydrogenase, WBC: White blood cell. 
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