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ABSTRACT

Background: Acute respiratory distress syndrome (ARDS), which is often observed in severe cases of coronavirus disease 2019 (COVID-19), is known to be a major contributor to higher mortality rates. This study assesses how hematological parameters, inflammatory biomarkers, cytokines, and the –1,082 A/G polymorphism are associated with ARDS severity in COVID-19 patients.

Methods: Following exclusions, a 6-month prospective case–control study included 82 healthy controls (HCs) and 158 COVID-19 patients with varying severities of ARDS (mild: 73, moderate: 53, and severe: 32). Blood samples were collected at admission, and laboratory biomarkers were assessed using various methods. Statistical analyses included one-way analysis of variance with Tukey’s test for group comparisons, Pearson correlation, and receiver operating characteristic curve for analyzing independent associations with COVID-19 severity. Multiple linear regression and chi-square tests were used to evaluate quantitative outcomes and categorical associations, respectively.

Results: Severe ARDS patients exhibited higher C-reactive protein (CRP) levels compared to HCs. Compared to HCs, patients with moderate and severe ARDS had higher neutrophil to lymphocyte ratio (NLR), neutrophil counts, tumor necrosis factor-alpha, and interleukin-10 (IL-10), as well as lower lymphocyte counts and reduced partial pressure of oxygen/fraction of inspired oxygen (PaO2/FiO2) ratio. IL-10, body mass index, CRP, and NLR were associated with reduced PaO2/FiO2 ratio. IL-10 and CRP had the highest area under curve values toward ARDS severity. COVID-19 patients possessing the –1,082 A/G single nucleotide IL-10 GG and GA genotypes and the G allele presented with less severe ARDS.

Conclusion: Hematological indices (neutrophil count and NLR), CRP, and serum IL-10 hold promise in monitoring ARDS severity in COVID-19 patients. In addition, COVID-19 patients with GG and AG genotypes and the G allele of the IL-10 gene’s–1,082 A/G polymorphism experience less severe ARDS. This highlights the potential protective role of IL-10 genetic variation in modulating the severity of inflammatory responses during severe acute respiratory syndrome-coronavirus-2 infection and may serve as a useful genetic marker for risk stratification in clinical settings.
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Introduction

The coronavirus disease 2019 (COVID-19) has risen as a pivotal global health challenge since its initial detection in Wuhan, city of China, within the final month of 2019, which is regarded as a lethal disease. The etiological agent for COVID-19 is severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2), which is characterized by an enveloped structure housing a positive-sense, single-stranded Ribonucleic Acid (RNA). The coronavirus family has the potential to mutate and spread among vulnerable populations, thus presenting a worldwide risk (1). At the last update of the Coronavirus Tracker on April 13, 2024, 229 countries and territories have reported 704,753,890 confirmed COVID-19 cases and 7,010,681 deaths (2).

Acute respiratory distress syndrome (ARDS) not only is typically associated with sepsis caused by bacterial infections but can also stem from viral infections like SARS-CoV-2. The development of ARDS in the context of SARS-CoV-2 is thought to occur through either the virus’s direct invasions on respiratory epithelial cells or through an amplified immune response (3) resulting in the overproduction of cytokines such as interleukin-10 (IL-10) and tumor necrosis factor-alpha (TNF-α), as well as increased levels of neutrophils, C-reactive protein (CRP), and neutrophil to lymphocyte ratio (NLR), while the lymphocyte count decreases (4–7). Hence, the assessment of laboratory biomarkers in COVID-19 patients with ARDS becomes crucial for predicting disease severity, facilitating early intervention, and preventing disease progression.

When the severity of the infection and pulmonary compromise reach a point where gaseous exchange is no longer feasible, the patient may necessitate invasive mechanical ventilation and/or extracorporeal membrane oxygenation for life support (8). The NLR and concentrations of CRP are indicative measures employed in gauging the potential intensity and prognosticating of certain viral diseases (9). The research indicated that the initial median NLR was markedly elevated in patients with COVID-19 who subsequently progressed to ARDS, as opposed to patients who did not experience ARDS development (6). Smilowitz, Kunichoff (10) reported that elevated levels of CRP concentrations exceeding the median value have been correlated with an increased likelihood of critical illness and mortality risk, in contrast to cases where CRP levels fall below the median threshold.

ARDS is heavily influenced by the action of TNF-α, a cytokine implicated in initiating inflammatory responses. The presence of TNF-α leads to a cascade of inflammatory mediators, potentially resulting in cytokine storm, and subsequent inflammation within the lung tissue (11). TNF-α not only impairs the structural integrity of pulmonary blood vessels, resulting in the development of pulmonary edema (12) but also induces thrombogenesis, leading to obstructions in the lung’s microvasculature (13). IL-10, a proinflammatory cytokine, expressed greatly in the early phase of ARDS. IL-10 facilitates the development of ARDS by preventing the differentiation of bone marrow-derived stem cells into alveolar type 2 (AT II) epithelial cells (5). IL-10 plays a critical role in pulmonary disorders by triggering inflammatory cascades and nitric oxide synthase. The buildup of nitric oxide exacerbates the severity of ARDS (14, 15).

A single nucleotide polymorphism (SNP) in the promoter region of the IL-10 gene at position –1,082, where an adenine is replaced by guanine (A to G), plays a significant role in controlling IL-10. Those homozygous for the G allele (–1,082 GG) exhibit increased levels of circulating IL-10 (16, 17). Individuals possessing the GG genotype might exhibit a heightened likelihood of ARDS manifestation, with the risk potentially varying according to age. Individuals under the age of 52 carrying the GG genotype have a higher likelihood of developing ARDS. Conversely, in examined patients aged 52 years and older, the –1,082 GG genotype was shown to offer a protective effect against ARDS (18). Various pharmacological treatments have undergone clinical trial assessments to manage the clinical manifestations of ARDS, yet their efficacy remains unconfirmed. The knowledge gap lies in the absence of reliable prognostic markers for predicting which COVID-19 patients are likely to develop ARDS, particularly from a genetic perspective. While current research has focused on clinical and inflammatory markers, the role of genetic polymorphisms, such as the –1,082 A/G polymorphism of IL-10, remains underexplored. Our study bridges this gap by investigating how integrating hematological parameters (neutrophil, lymphocyte, and NLR), cytokine profiles (IL-10 and TNF-α), and genetic data (1,082 A/G polymorphism of IL-10) can provide early prognostic insights. Identifying patients predisposed to severe ARDS allows for targeted monitoring and timely intervention, potentially preventing progression to critical stages.

Materials and methods

Research design

This prospective case–control study was conducted over 6 months, from June 3 to November 3, 2021, and a total of 190 ARDS COVID-19 patients and 90 healthy controls (HCs) were initially screened. After excluding 32 ARDS patients and 8 HCs due to non-Kurdish ethnicity or vaccination status, the final study included 158 ARDS COVID-19 patients and 82 HCs (Figure 1).

Figure 1.Study participant selection workflow. The diagram illustrates the selection process for the study participants. A total of 190 ARDS COVID-19 patients and 90 healthy controls were initially screened. After excluding 32 ARDS patients and 8 healthy controls due to non-Kurdish ethnicity or vaccination status, the final study included 158 ARDS COVID-19 patients and 82 healthy controls. ARDS: Acute respiratory distress syndrome.
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The inclusion criteria were the COVID-19 patients with ARDS (86 males/72 females) with a mean age of 43.51 ± 10.83, who were tested positive for SARS-CoV-2 and visited the Emergency Departments of hospitals (Lalav hospital-Erbil, Shahid Hemn hospital-Sulaymaniyah, Burn hospital-Duhok) in the Kurdistan Region-Iraq (Table 1). In that timeframe, the alpha variant (VOC/B.1.1.7) of SARS-CoV-2 predominated (19). HCs (n = 82, 39 males/43 females) with a mean age of 40.78 ± 12.53 were enrolled in the current study. The HC group had a mean age of 40.78 ± 12.53 younger than the ARDS COVID-19 group (43.51 ± 10.83), but this difference was not statistically significant (P = 0.08). A significant difference in age was only observed between those with severe ARDS COVID-19 and HCs (Table 1).

 


Table 1.A comparison of demographic factors and laboratory biomarkers among HCs and various ARDS groups of COVID-19 patients.


	Parameters
	HCs
Mean ± SD
	Mild ARDS
COVID-19
Mean ± SD
	Moderate ARDS
COVID-19
Mean ± SD
	Severe ARDS
COVID-19
Mean ± SD
	P





	N
	82
	73
	53
	32
	-



	Gender(M/F)
	39/43
	40/33
	30/23
	16/16
	0.341



	Age (Years)
	40.78 ± 12.53
	39.42 ± 11.05
	43.69 ± 9.32
	52.53 ± 6.41
	<0.001



	BMI (Kg/m2)
	26.78 ± 4.62
	26.59 ± 4.39
	30.41 ± 6.33
	29.52 ± 5.67
	<0.001



	TNF-α (pg/ml)
	6.402 ± 2.68
	12.61 ± 8.29
	9.947 ± 6.57
	20.45 ± 7.44
	<0.001



	IL-10 (pg/ml)
	1.444 ± 1.2
	2.359 ± 1.54
	6.567 ± 2.1
	10.74 ± 4.85
	<0.001



	CRP (mg/l)
	0.776 ± 0.87
	5.613 ± 14.39
	27.68 ± 56.55
	68.51 ± 32.47
	<0.001



	Lymphocyte (103/µL)
	2.095 ± 0.59
	1.323 ± 0.53
	1.461 ± 0.45
	1.012 ± 0.61
	<0.001



	Neutrophil (103/µL)
	4.252 ± 1.11
	8.467 ± 3.96
	6.763 ± 2.62
	14.68 ± 6.12
	<0.001



	NLR
	2.130 ± 0.71
	7.617 ± 5.06
	5.381 ± 3.76
	19.00 ± 11.17
	<0.001



	PaO2/FiO2
	405.4 ± 3.86
	268.5 ± 27.06
	151.6 ± 30.66
	71.31 ± 17.55
	<0.001



	Co-morbidities
	
	
	
	
	



	Multiple morbidities
	-
	10
	13
	7
	-



	COPD
	-
	-
	1
	1
	-



	DM
	-
	3
	2
	4
	-



	HTN
	-
	8
	5
	7
	-



	OB
	-
	11
	14
	5
	-



	RA
	-
	2
	1
	-
	-



	ESRD
	-
	-
	1
	1
	-


	Comparison of variables among groups was done by one-way ANOVA, and post-comparison was done by Tukey test. A statistical significance was assumed if the P-value was less than 0.05. BMI: body mass index; CRP: C-reactive protein; HC: healthy control; IL-10: interleukin-10; TNF-α: tumor necrosis factor-alpha; NLR: neutrophil to lymphocyte ratio; PaO2/FiO2: partial pressure of oxygen/fraction of inspired oxygen; ARDS: acute respiratory distress syndrome; COVID-19: coronavirus disease 2019; M: male; F: female; N: sample size; COPD: chronic obstructive pulmonary disease; DM: diabetes mellitus; HTN: hypertension; OB: obesity; ESRD: end stage renal disease; SEM: standard error of mean; SD: standard deviation; ANOVA: analysis of variance; RA: Rheumatoid Arthritis.





COVID-19 patients were randomly chosen and confirmed using reverse transcriptase-polymerase chain reaction (RT-PCR) and radiological imaging (20). They were subsequently categorized into three distinct groups according to the degree of hypoxemia (reduced partial pressure of oxygen/fraction of inspired oxygen (PaO2/FiO2)): mild ARDS COVID-19 (n = 73, 40 males/33 females), moderate ARDS COVID-19 (n = 53, 30 males/23 females), and severe ARDS COVID-19 (n = 32, 16 males/16 females) (21) and updated in 2023 (22). In the current study, mild ARDS was characterized by a PaO2/FiO2 ratio ≤ 300 and >200 mm Hg. Moderate cases of ARDS were characterized by a PaO2/FiO2 ratio ≤ 200 and >100 mm Hg. Severe cases of ARDS were defined by a PaO2/FiO2 ratio ≤ 100 mm Hg. For the purpose of predicting severity of disease based on –1,082 G/A genotype of IL-10, the COVID-19 study participants were re-categorized into two non-severe ARDS COVID-19 groups (mild and moderate ARDS COVID-19, n = 126) and those who have severe ARDS COVID-19 (n = 32).

The hospital’s record system supplied information on the patient population characteristics, their medical histories, and associated health disorders. Research protocols were accepted by the ethical committee (No. 01062021-5-9) at the University of Duhok and Ministry of Health/Directorate General of Health-Duhok. It is consistent with the Declaration of Helsinki. Each participant was presented with a consent form, and if the patients were unable to sign due to the severity of their illness or disability, their legal representatives were asked to affix their signature.

Inclusion criteria for participants

During the study period (June 3 to November 3, 2021), the vaccination rollout in the region was in its early stages, and only a small proportion of the population had been vaccinated. To minimize potential confounding factors, we chose to exclude vaccinated individuals from the study.

In this study, both the ARDS group and HCs were of Kurdish ethnicity. Since the Kurdistan region of Iraq includes diverse ethnicities (Kurdish, Arab, Christian, and Turkmen), each with different genetic backgrounds, we selected only Kurdish participants as they constitute the majority of the population, thereby decreasing the risk of bias and ensuring more reliable results.

Inclusion criteria

During this research, enrollment was limited to ARDS COVID-19 patients who fulfilled the following inclusion criteria:


	They were unvaccinated, and they experienced ARDS.


	Their RT-PCR tests came back positive for SARS-CoV-2.


	They had complete demographic data and samples (blood and nasopharyngeal).


	They have accepted and signed a consent form.


	The entire group shared a common ethnicity, which was Kurdish.




Exclusion criteria

Patients were excluded from the study if:


	They had been immunized against COVID-19 or had a PaO2/FiO2 ratio exceeding 300.


	Had negative RT-PCR test results for SARS-CoV-2.


	Lacked complete demographic data or required samples (blood and nasopharyngeal).


	Did not provide consent or declined to sign the consent form.


	Where not of Kurdish ethnicity.




Inclusion criteria for healthy controls

HCs without COVID-19 symptoms were recruited from the hospital. We conducted RT-PCR tests to verify that they were negative for COVID-19 and were not infected with SARS-CoV-2. We used this selection process to create a reliable control group to compare against COVID-19 patients. To avoid confounding research results, HCs are selected based on the absence of comorbidities like diabetes, hypertension, or cardiovascular disease, as these conditions can affect immune responses and other physiological parameters (23).

The study’s HCs met these criteria:


	The RT-PCR test result for SARS-CoV-2 from the nasopharyngeal swab returned a negative result.


	No clinical signs indicative of a pulmonary infection.


	No previous records of chronic illnesses.


	Non-smokers.


	Normal hematological counts.


	Normal levels of CRP and D-dimer.




Sample and data collection

All participants provided a blood sample upon their arrival, prior to receiving any medication. The phlebotomy was completed using a 10-milliliter syringe to collect venous blood. This blood was then transferred into serum-separating tubes (SSTs) as well as into ethylenediaminetetraacetic acid (EDTA) tubes. Subsequent to the centrifugation of SST tubes at 3,000 rpm for a duration of 15 min for serum separation, respective aliquots were transferred into Eppendorf tubes and stored at –80°C in preparation for later examinations. The blood contained in the EDTA tube was promptly used to perform a complete blood count and conduct genetic testing.

Data collection and parameter determination

Demographic information, including gender, age, and body mass index (BMI), in addition to comorbidities, was obtained from the system database of the hospital. The BMI was determined by dividing the individual’s weight in kilograms by their height in meters squared. Hematological analyzer, named Sysmex XT-2000i (Japan), was utilized to assess counts of hematological parameters (neutrophil and lymphocyte). NLR was calculated by dividing the neutrophil counts by the lymphocyte counts. CRP was evaluated by Cobas c311 (Roche Diagnostics, Switzerland). The evaluation of CRP is based on immunoturbimetric assay (24). The PaO2/FiO2 was calculated by special emergency physicians in the intensive care unit (ICU) unit based on mathematical equation (25). The sandwich enzyme-linked immunosorbent assay (ELISA) technique was used for measuring IL-10 (Elabscience, USA) and TNF-α (MyBiosoure, USA) that were used throughout this study.

DNA extraction and genotyping of –1,082 G/A SNP of IL-10

The extraction of deoxyribonucleic acid (DNA) was carried out following the guidelines provided by the specified manufacturer (Jena Bioscience, Germany). DNA sample purity and concentration were assessed with NanoDrop spectrophotometer (Thermo Fisher Scientific, Waltham, United States), in ng/µl unit. The range of concentration and purity of DNA were 13.39–125.68 ng/µl and (1.62–1.93), respectively. The genotyping of –1,082 G/A SNP of IL-10 was done by allele-specific (AS)-PCR, and the primers were obtained from other studies (26, 27) and checked by NCBI primer blast (Supplementary Table 1). The thermal cycle condition and procedure of Allele-Specific-Polymerase Chain Reaction (AS-PCR) were done according to the study conducted by Qadir, Pirdawid (27). The PCR-generated product was then subjected to gel electrophoresis by utilizing a 2% gel, subsequently stained with ethidium bromide, and with the aid of UV light for visualization in a gel doc system. Each sample was tested with two reaction tubes. If both tubes produced a band of 258 bp, it indicates that the sample has an AG genotype. Furthermore, in cases where the 258 band is only present in the G allele reaction tube, the sample indicates a GG genotype. Conversely, if the 258 band is only observed in the A allele reaction tube, the sample indicates an AA genotype (Supplementary Figure 1).

Statistical analysis

Normality tests, including the Shapiro-Wilk, Kolmogorov-Smirnov, and De-Agostino tests, were conducted using GraphPad Prism version 9 (GraphPad Software, USA) to assess whether the data followed a parametric distribution or not. As data passed normality tests, we applied all parametric tests for them. Data were displayed as mean (M) ± standard deviation (SD). To compare groups, a one-way analysis of variance (ANOVA) was used. For multiple comparisons following ANOVA, the Tukey test was employed as a post-hoc analysis. The Pearson correlation was used to assess the correlation between variables. The receiver operating characteristic (ROC) curve was utilized to evaluate which parameters could predict the severity of ARDS in COVID-19 patients. A ROC curve in MedCalc 20 (MedCalc Software, Belgium) provided values for area under curve (AUC), cut-off, specificity, sensitivity, positive predictive value (PPV), and negative predictive value (NPV). When the dependent variable was quantitative, multiple linear regression was utilized in SPSS 29 (IBM, USA). Standardized beta (β) coefficients are regression coefficients obtained after standardizing all variables (independent and dependent) to have a mean of 0 and a SD of 1 (28, 29).

To investigate the association between IL-10 –1,082 A/G polymorphism and the severity of ARDS in COVID-19 patients, both unadjusted and adjusted statistical methods were applied. Unadjusted odds ratios (ORs), 95% confidence intervals (CIs), and P-values were calculated using the chi-square test to assess the crude associations between genotypes and ARDS severity. For adjusted analyses, multivariable logistic regression models were constructed to estimate adjusted odds ratios (aORs) and corresponding 95% CIs, controlling for potential confounding factors including age, gender, and BMI. B and standard errors of the mean (SEM) were also reported. Genotype AA served as the reference group for all genotype comparisons. Genetic models included individual genotype comparisons (AG vs AA and GG vs AA), a dominant model (AG+GG vs AA), a recessive model (GG vs AA+AG), and an allele model (G vs A). Adjusted ORs were calculated using the formula aOR = eB (where e is the mathematical constant approximately equal to 2.71828), and 95% CIs were computed as eB±1.96×SEM (30). A statistical significance was assumed if the P-value was less than 0.05.

Results

Participants and research specimens

In this study, a group of 240 individuals was examined, of which 158 participants (65.83%) had COVID-19 along with ARDS, while the remaining 82 subjects (34.17%) were HCs. Among those who tested positive, 73 individuals (46.20%) exhibited mild ARDS symptoms of COVID-19, 53 subjects (33.54%) presented with a moderate level of ARDS COVID-19, and there were 32 cases (20.26%) of severe ARDS COVID-19 as classified by the clinical criteria of the Berlin definition (21).

Table 1 represents the demographical characteristics and comorbidities of patients with ARDS from COVID-19, alongside a comparison with HCs. The average age of HCs was 40.78 ± 12.53 years; there were 39 men (47.56%) and 43 women (52.44%). Among ARDS COVID-19 positive patients, the average age was 43.51 ± 10.83 years; this group comprised 86 men (54.43%) and 72 women (45.57%).

Non-significant differences in CRP levels were observed between the HC and mild ARDS groups (P = 0.256). Significant differences (P < 0.0001) were found between HCs and the moderate and severe ARDS COVID-19 groups. All groups with ARDS related to COVID-19 showed a marked rise in the NLR and neutrophil counts having P-value < 0.0001, and this was coupled with a pronounced reduction in lymphocyte counts when compared with the HCs, as presented in Table 1 and Supplementary Table 2.

Serum levels of IL-10 and TNF-α in patients afflicted with ARDS due to COVID-19 infection

When comparing the serum concentrations of TNF-α and IL-10 between HCs and patients, it was found that patients with moderate and severe ARDS caused by COVID-19 had significantly higher levels of IL-10 (P < 0.001). The IL-10 levels were recorded as 6.567 ± 2.1 for moderate cases and 10.74 ± 4.85 for severe cases, whereas HCs had levels at 1.444 ± 1.2. Conversely, no significant difference was noted in IL-10 levels when comparing the mild group (2.359 ± 1.54) with HCs (1.444 ± 1.2) (P = 0.066). Corresponding findings were seen with TNF-α. In all ARDS groups of COVID-19 patients, levels of TNF-α were markedly elevated (P < 0.001) as compared to the HCs, as displayed in Table 1 and Supplementary Table 2.

The interplay of laboratory biomarkers shows a significant correlation with PaO2/FiO2.

To gain a comprehensive understanding of the demographic factors and laboratory biomarkers’ impact on ARDS in COVID-19, we conducted a correlation analysis between age, BMI, CRP, hematological biomarkers (neutrophil, lymphocyte, and NLR), and cytokines (IL-10 and TNF-α), with PaO2/FiO2. The significant negative correlations (P < 0.001) with PaO2/FiO2 were evident for all parameters, except lymphocyte. The strength of their associations was as follows: age (r = –0.269), BMI (r = –0.236), CRP (r = –0.699), neutrophil (r = –0.584), NLR (r = –0.582), IL-10 (r = –0.752), and TNF-α (r = –0.752). Conversely, a strong positive correlation was observed between the lymphocyte count and PaO2/FiO2 ratio (r = 0.524, P < 0.001). The details of the correlations between other variables were depicted in Table 2.

 


Table 2.Correlation between parameters and PaO2/FiO2.


	Parameters
	r and P-values
	PaO2/FiO2





	IL-10
	r
	–0.752**



	P-value
	<0.001



	BMI
	r
	–0.236**



	P-value
	<0.001



	CRP
	r
	–0.699**



	P-value
	<0.001



	Age
	r
	–0.269**



	P-value
	<0.001



	TNF-α
	r
	–0.504**



	P-value
	<0.001



	Lymphocyte
	r
	0.524**



	P-value
	<0.0018



	Neutrophil
	r
	–0.584**



	P-value
	<0.001



	NLR
	r
	–0.582**



	P-value
	<0.001


	The correlation was done via a Pearson correlation test. The degree of correlation was done via correlation coefficient (r). A statistical significance was assumed if the P-value was less than 0.05. A single asterisk (*) denoted a situation where the P-value was less than 0.05; a P-value below 0.01 was symbolized by two asterisks (**); three asterisks (***) represented a P-value less than 0.001; and four asterisks (****) signified a P-value smaller than 0.0001. r: correlation coefficient; BMI: body mass index; CRP: C-reactive protein; IL-10: interleukin-10; TNF-α: tumor necrosis factor-alpha; NLR: neutrophil to lymphocyte ratio; PaO2/FiO2: partial pressure of oxygen/fraction of inspired oxygen.





Utilizing multiple linear regression to analyze independent associations between the depression of PaO2/FiO2 and the severity of ARDS in COVID-19 patients

A statistical analysis using multiple linear regression was performed on a group of 158 patients to evaluate the prognostic significance of laboratory indicators, like the reduction in the PaO2/FiO2 ratio and the intensity of ARDS, for COVID-19 patients who are suffering from ARDS. In order to check the calibration of the model, an analysis was performed to determine the presence of multicollinearity in the relevant variables through the assessment of tolerance and variance inflation factor (VIF). Regarding linearity, we confirmed that the assumptions for linear regression were met, including the linear relationship between the dependent and independent variables. Linearity was tested using scatterplots of residuals versus predicted values, which showed no significant deviation from linearity (Figures 2 and 3). The depression of PaO2/FiO2, serving as the dependent variable, was analyzed using IL-10, BMI, CRP, age, TNF-α, lymphocyte, neutrophil, and NLR as independent variables.

Figure 2.Scatter plot illustrating the relationship between the PaO2/FiO2 ratio and the severity of ARDS in COVID-19 patients. The PaO2/FiO2 ratio, an indicator of respiratory function and ARDS severity, is plotted as the dependent variable. Predictive factors considered include IL-10, BMI, CRP, age, TNF-α, lymphocyte count, neutrophil count, and the neutrophil-to-lymphocyte ratio (NLR). Each point represents an individual patient, with corresponding levels of independent variables. The distribution reflects how these clinical and biochemical markers collectively influence oxygenation impairment in COVID-19-induced ARDS. Statistical analysis highlights significant associations, emphasizing the role of inflammation and patient-specific factors in predicting ARDS severity. The scatter plot was generated using Python (Matplotlib). IL-10: interleukin-10; CRP: C-reactive protein; TNF-α: tumor necrosis factor-alpha; NLR: neutrophil to lymphocyte ratio; ARDS: Acute respiratory distress syndrome; BMI: body mass index; PaO2/FiO2: partial pressure of oxygen/fraction of inspired oxygen.
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Figure 3.Residual Plot for the Multiple Linear Regression Model Predicting PaO2/FiO2. This residual plot illustrates the relationship between the fitted values (predicted PaO2/FiO2) and the residuals (differences between observed and predicted values) in the regression model. The model uses IL-10, BMI, CRP, age, TNF-α, lymphocyte count, neutrophil count, and NLR as independent variables to predict PaO2/FiO2, a measure of respiratory function in ARDS patients with COVID-19. The horizontal red dashed line at zero indicates no residual error. Points scattered randomly around this line suggest a well-fitted model, while patterns or clustering could indicate potential issues such as non-linearity, heteroscedasticity, or omitted variables. This figure was created using Python, with the Statsmodels library for regression modeling and Matplotlib for visualization. IL-10: interleukin-10; CRP: C-reactive protein; TNF-α: tumor necrosis factor-alpha; NLR: neutrophil to lymphocyte ratio; ARDS: Acute respiratory distress syndrome; BMI: body mass index; PaO2/FiO2: partial pressure of oxygen/fraction of inspired oxygen.
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The association between PaO2/FiO2 as the dependent variable and the independent variables (IL-10, BMI, CRP, age, TNF-α, lymphocyte, neutrophil, and NLR) was assessed (Table 3). IL-10 exhibited the strongest negative association with PaO2/FiO2 (Standardized B = -0.487, P < 0.001), indicating that increased levels of this anti-inflammatory cytokine may contribute to the deterioration of oxygenation in COVID-19-related ARDS. BMI also showed a significant negative association (Standardized B = -0.137, P = 0.002), suggesting that obesity may play a role in worsening ARDS outcomes. CRP, a key marker of systemic inflammation, was significantly associated with a decrease in PaO2/FiO2 (Standardized B = -0.323, P < 0.001). Elevated CRP levels reflect a heightened inflammatory state, which may contribute to lung injury, alveolar damage, and reduced gas exchange efficiency in ARDS. NLR, another significant predictor (Standardized B = -0.261, P = 0.003), further supports the role of inflammation in the progression of ARDS. A high NLR indicates an imbalance in immune responses, characterized by increased neutrophil activity and lymphocyte depletion, both of which have been linked to poor respiratory outcomes in COVID-19 patients. Other variables, including age (P = 0.059), TNF-α (P = 0.076), lymphocyte count (P = 0.072), and neutrophil count (P = 0.187), were not statistically significant predictors of PaO2/FiO2 reduction.

 


Table 3.Utilizing multiple line regression to know the association of the depression of PaO2/FiO2 and the severity of ARDS in COVID-19 patients.


	Dependent variable
	Independent variables
	Standardized B*
	95.0% Confidence interval for standardized B
	P-value





	PaO2/FiO2
	IL-10
	–0.487
	–0.586
	–0.387
	<0.001



	BMI
	–0.137
	–0.223
	–0.051
	0.002



	CRP
	–0.323
	–0.43
	–0.217
	<0.001



	Age
	–0.089
	–0.182
	0.003
	0.059



	TNF-α
	–0.091
	–0.192
	0.01
	0.076



	Lymphocyte
	–0.125
	–0.262
	0.012
	0.072



	Neutrophil
	0.099
	–0.048
	0.245
	0.187



	NLR
	–0.261
	–0.435
	–0.087
	0.003


	The regression analysis was conducted using SPSS 29. The depression of PaO2/FiO2, acting as the dependent variable, and the severity of ARDS in COVID-19 patients were associated with using IL-10, BMI, CRP, age, TNF-α, lymphocyte, neutrophil, and NLR as independent variables. A statistical significance was assumed if the P-value was less than 0.05. B: regression coefficient; BMI: body mass index; CRP: C-reactive protein; IL-10: interleukin-10; TNF-α: tumor necrosis factor-alpha; NLR: neutrophil to lymphocyte ratio; PaO2/FiO2: partial pressure of oxygen/fraction of inspired oxygen; ARDS: Acute respiratory distress syndrome.
*Change in PaO2/FiO2 per one standard deviation increase of biomarker.





Utilizing ROC curve in analyzing associations to the severity of ARDS in COVID-19 patients

To evaluate the prognostic potential of certain blood test markers (CRP, IL-10, TNF-α, neutrophil, NLR, and lymphocyte count) in determining the severity of ARDS in COVID-19 patients, ROC curves were created using data from 158 individuals with COVD-19. Of these patients, 126 were categorized as having non-severe (ranging from mild to moderate) ARDS, while the remaining 32 were classified as having severe ARDS. All laboratory markers were significantly associated with the severity of ARDS in COVID-19. Nevertheless, IL-10 (AUC = 0.911) and CRP (AUC = 0.933) are the markers with the highest AUC values. The cut-off values for IL-10 and CRP are >6.07 and >33.68, respectively. The sensitivity and specificity values of IL-10 are 90.62 and 77.78%, respectively. Additionally, CRP demonstrates a sensitivity of 90.62% and a specificity of 84.13%. The details of the ROC curve for different lab indicators are presented in Table 4 and illustrated in Figure 4.

 


Table 4.Evaluation of the ROC curve for laboratory biomarkers in predicting the severity of ARDS among individuals with COVID-19.


	Parameters
	Cut-off
	AUC
	95% CI
	P-value
	Sensitivity
	Specificity
	PPV
	NPV





	IL-10
	>6.07
	0.911
	0.856–0.951
	<0.001
	90.62
	77.78
	50.9
	97.0



	TNF-α
	>15.43
	0.798
	0.726–0.857
	<0.001
	81.25
	77.78
	56.4
	91.6



	CRP
	>33.68
	0.933
	0.882–0.966
	<0.001
	90.62
	84.13
	59.2
	97.2



	Lymphocyte
	≤1.2
	0.698
	0.620–0.769
	0.001
	78.12
	58.73
	32.5
	91.4



	Neutrophil
	>10.8
	0.801
	0.731–0.861
	<0.001
	78.12
	90.48
	67.6
	94.2



	NLR
	>11.24
	0.840
	0.774–0.894
	<0.001
	71.87
	94.44
	76.7
	93.0


	The analysis of the ROC curve was conducted using MedCalc 20. The COVID-19 cases were categorized into nonsevere (mild-to-moderate) ARDS and severe ARDS. A statistical significance was assumed if the P-value was less than 0.05. AUC: area under curve; CI: confidence interval; IL-10: interleukin-10; CRP: C-reactive protein; TNF-α: tumor necrosis factor-alpha; ROC: receiver operating characteristic; PPV: positive predictive value; NPV: negative predictive value; NLR: neutrophil to lymphocyte ratio; ARDS: Acute respiratory distress syndrome.





Figure 4.Assessing the ROC curve for laboratory biomarkers (a) IL-10, (b) TNF-α, (c) CRP, (d) Lymphocyte, (e) Neutrophil, and (f) NLR in associating with the severity of ARDS in COVID-19 patients. The graph of the ROC curve was drawn using MedCalc 20. The COVID-19 cases were categorized into non-severe (mild-to-moderate) ARDS and severe ARDS. IL-10: interleukin-10; TNF-α: tumor necrosis factor-alpha; NLR: neutrophil to lymphocyte ratio; CRP: C-reactive protein; ARDS: Acute respiratory distress syndrome; ROC: receiver operating characteristic.
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Both IL-10 and CRP showed high sensitivity, reaching 90.62%. CRP demonstrated greater specificity (84.13%) than IL-10 (77.78%). The PPV for IL-10 was 50.9%, and for CRP, it was 59.2%. IL-10 and CRP each showed high NPVs 97.0 and 97.2%, respectively.

Associations of –1,082 A/G SNP IL-10 to the severity of ARDS in COVID-19 patients

Among severe ARDS cases (n = 32), the AA genotype was observed in 34.38% of patients, while the AG genotype was found in 62.50%, and the GG genotype in only 3.13%. In contrast, non-severe ARDS cases (n = 126) showed a higher proportion of the AG genotype (65.08%) and the GG genotype (22.22%), with only 12.70% carrying the AA genotype.

The association between IL-10 –1,082 A/G polymorphism and the severity of ARDS in COVID-19 patients was evaluated using both unadjusted (chi-square) and adjusted (logistic regression) analyses (Table 5). In the unadjusted model, the AG genotype showed a significantly lower odds of severe ARDS compared to the AA genotype (OR = 0.355, 95% CI: 0.151–0.889, P = 0.05). After adjusting for age, gender, and BMI, the protective effect became stronge r and statistically more robust (aOR = 0.198, 95% CI: 0.066–0.600, P = 0.004). Similarly, the GG genotype exhibited a very strong protective effect in the unadjusted analysis (OR = 0.052, 95% CI: 0.005–0.380, P = 0.004); however, this association was attenuated and became marginally non-significant in the adjusted model (aOR = 0.130, 95% CI: 0.016–1.049, P = 0.055). The dominant genetic model (AG+GG vs AA) consistently demonstrated a significant association in both unadjusted (OR = 0.278, P = 0.001) and adjusted analyses (aOR = 0.231, P = 0.001), reinforcing the protective role of the G allele. Notably, the recessive model (GG vs AA+AG) showed a conflicting result: a significantly increased risk in the unadjusted model (OR = 8.857, P = 0.036) that reversed direction after adjustment (aOR = 0.130), aligning with the individual GG genotype results. This suggests that the unadjusted association may have been confounded by age or other covariates. At the allele level, carriers of the G allele had reduced odds of severe ARDS in both unadjusted (OR = 0.433, P = 0.003) and adjusted models (aOR = 0.231, P = 0.001). Overall, these findings support a protective association between the IL-10 –1,082 G allele and the severity of ARDS in COVID-19 and underscore the value of adjusted logistic regression analyses in accurately identifying genotype–phenotype relationships.

 


Table 5.Analysis of the association between IL-10 -1082 A/G polymorphism and the severity of ARDS in COVID-19, considering both adjusted and unadjusted effects.


	Model
	OR (Unadj)
	95% CI (Unadj)
	P-value (Unadj)
	aOR (Adj)
	95% CI (Adj)
	P-value (Adj)





	AG vs AA
	0.355
	0.151–0.889
	0.05
	0.198
	0.066–0.6
	0.004



	GG vs AA
	0.052
	0.005–0.380
	0.004
	0.13
	0.016–1.049
	0.055



	Dominant (AG+GG vs AA)
	0.278
	0.12–0.61
	0.001
	0.231
	0.094–0.57
	0.001



	Recessive (GG vs AA+AG)
	8.857
	1.1–72.3
	0.036
	0.13
	0.016–1.049
	0.055



	Allele G vs A
	0.433
	0.250–0.766
	0.003
	0.231
	0.094–0.57
	0.001


	OR: Odds Ratio; aOR: Adjusted Odds Ratio; CI: Confidence Interval; IL-10: interleukin-10; ARDS: Acute respiratory distress syndrome; BMI: body mass index. Unadjusted ORs were calculated using chi-square tests. Adjusted ORs were derived from multivariable logistic regression models controlling for age, gender, and BMI. Genotype AA was used as the reference category. Dominant model compares AG+GG vs AA; the recessive model compares GG vs AA+AG; the allele model compares G vs A allele count. Statistical significance was considered at P < 0.05.





Discussion

This study highlights key factors associated with ARDS severity in COVID-19 patients by integrating laboratory biomarkers and genetic analysis. Elevated CRP and NLR, coupled with increased TNF-α and IL-10 levels, were associated with severe ARDS. Reduced lymphocyte counts and PaO2/FiO2 ratios further distinguished moderate and severe cases. IL-10 and CRP emerged as the most robust biomarkers, demonstrating high association toward ARDS severity. COVID-19 patients with the IL-10 –1,082 A/G SNP, especially those with GG and AG genotypes and G allele, experienced less severe ARDS.

ARDS not only is typically associated with sepsis caused by bacterial infections but can also stem from viral infections like SARS-CoV-2. The development of ARDS in the context of SARS-CoV-2 is thought to occur through either the virus’s direct invasions on respiratory epithelial cells or through an amplified immune response (3) resulting in the overproduction of cytokines such as IL-10 and TNF-α as well as increased levels of neutrophils, CRP, and NLR, while lymphocyte count decreases (4–7). Hence, the assessment of laboratory biomarkers in COVID-19 patients with ARDS is important when predicting disease severity, facilitating early intervention, and preventing disease progression.

SARS-CoV-2 engages with angiotensin-converting enzyme 2 (ACE2) receptors on respiratory epithelial cells or immune cells, triggering the release of Damage-associated molecular pattern (DAMP) and prompting the secretion of inflammatory cytokines. The interplay between immune and epithelial cells can manifest in diverse clinical outcomes, including ARDS, disseminated intravascular coagulation, pneumonia, and the hyper-inflammatory condition known as cytokine storm (31). Patients first exhibit symptoms resembling the flu, which quickly progress to ARDS. ARDS involves abrupt and widespread inflammation within the alveolar-capillary barrier, leading to enhanced vascular leakage, diminished compliance, impaired gas exchange, and resultant hypoxemia (32, 33). One clinical parameter is the reduced PaO2/FiO2 ratio to a value below 300 mm Hg (34).

Our hypothesis is that ARDS from different viruses might present with different features. Ding and Chen’s 2022 study found that COVID-19 patients with ARDS had higher coagulation levels (like prothrombin time, fibrinogen, and D-dimer) than those with H7N9-ARDS. Septic shock and multiple organ dysfunction caused death more often in COVID-19-ARDS patients than in H7N9-ARDS patients (35). Bacterial sepsis and COVID-19 induce ARDS with distinguishable clinical and immunological characteristics. ARDS caused by bacterial sepsis is distinguished by its rapid onset, increased inflammatory markers (e.g. IL-6 and Procalcitonin [PCT]), and reduced systemic blood flow, often resulting in a more severe cytokine storm (36). In contrast, ARDS caused by COVID-19 is characterized by prolonged respiratory failure, moderate cytokine elevation, and notable damage to the endothelial cells leading to blood clot formation (36). Metabolic pathway differences, particularly in sphingosine and arginine metabolism, are highlighted by molecular analyzes, suggesting unique underlying mechanisms (37). These differences demand customized treatments; corticosteroids and anticoagulants work differently depending on what caused the ARDS (38).

In regard to hematological parameters and inflammation markers (CRP), our findings indicate that the neutrophil count, NLR, and CRP are elevated, while the lymphocyte count is reduced in the COVID-19 ARDS groups compared to the HCs. The ROC analysis demonstrated that neutrophil count, NLR, and CRP potentially can be used when monitoring the severity of ARDS in COVID-19. Furthermore, the analysis of multiple linear regression showed that NLR and CRP are independently associated with the depression of PaO2/FiO2. Our findings support the research conducted by Bano Mehdi et al., which demonstrated that NLR is indicative of the severity of ARDS in COVID-19 (6). The potential contribution of NLR to ARDS may be attributed to two mechanisms. First, when NLR is high, it indicates an increased number of neutrophils, which, in turn, release inflammatory cytokines, including IL-6 and TNF-α. These cytokines contribute to systemic inflammation and can exacerbate lung damage, particularly in conditions such as ARDS (39). Another important point to consider is that our findings corroborate the idea that NLR-induced systemic inflammation hinders the function of lymphocytes, which are key regulators in the immune response against ARDS. This ultimately leads to a more severe progression of COVID-19 (40). In relation to CRP, our results are consistent with the study conducted by Bano Mehdi et al., which revealed higher CRP levels in COVID-19 ARDS patients compared to those without ARDS (6).

In the current study, patients suffering from ARDS triggered by SARS-CoV-2 demonstrated elevated levels of TNF-α and IL-10 compared to those in the HC group. This result is consistent with the results reported by Smail et al., revealing elevated cytokine levels in the severe and critical COVID-19 groups as opposed to the mild and HC groups (41). Furthermore, IL-10 has the potential to predict the depression of PaO2/FiO2 and the severity of ARDS in COVID-19. In addition to its classical anti-inflammatory effects, there are two proposed mechanisms for the increase of IL-10 in ARDS COVID-19 patients. First, IL-10, released by regulatory T-lymphocytes (Treg), is upregulated as a negative feedback mechanism in an attempt to attenuate the hyper-inflammatory response observed in ARDS. However, it is unable to fully control the inflammation. Furthermore, our previous research paper supports the notion that IL-10, produced by monocytes and macrophages, exerts a proinflammatory effect in COVID-19 (41).

Patients with Crohn’s disease, who were administered high doses of IL-10, experienced increased inflammation due to elevated levels of Interferon-gamma (IFN-γ) (42). Furthermore, it has been observed that the simultaneous administration of lipopolysaccharides (LPS) and IL-10 results in an elevation of inflammation by means of increased IFN-γ (43). It has been previously mentioned that secondary bacterial infections are commonly observed in severe cases of COVID-19, particularly with gram-negative bacteria containing LPS (44). In cases of ARDS associated with COVID-19, the co-occurrence of high levels of IL-10 and LPS can lead to a state of hyper-inflammation. Furthermore, IL-10 triggers inflammation by stimulating B-lymphocytes to produce auto-antibodies. In the absence of IL-2, IL-10 promotes the growth of T-lymphocytes and inhibits T-lymphocyte apoptosis (45).

This study suggests that both AG and GG genotypes and G allele contribute to the decrease of ARDS severity. This finding is not in line with the results of Abbood, Anvari (46), who found that AG and GG genotypes increase COVID-19 mortality. This observation also contradicts the outcome reported by Rizvi, Rizvi (47), who found no link between the severity of COVID-19 and the AG genotype, GG genotype, or G allele. The present findings also do not correspond with the results of Gong, Taylor (48). They identified GG as a risk factor for ARDS development in elderly hospitalized patients. However, in the context of ARDS severity, Gong, Taylor (48) in line with our study reported that the GG genotype was protective and associated with decreased in ARDS severity in non-COVID-19 patients. Variations in study design, sample sizes, patient demographics, disease stages, and treatment protocols could be part of the explanation of these diverging results.

In the present study, IL-10 and CRP both demonstrated high sensitivity (90.62%), indicating these markers effectively detect severe ARDS cases. CRP displayed a higher specificity (84.13%) compared to IL-10 (77.78%), suggesting CRP is more reliable in ruling out non-severe cases. IL-10 showed a PPV of 50.9%, while CRP demonstrated 59.2%. This indicates that CRP is slightly better at predicting true severe cases when the test is positive. The relatively moderate PPVs may reflect the overall lower prevalence of severe ARDS in the cohort, which can reduce PPV despite high sensitivity and specificity. Both IL-10 and CRP displayed high NPVs (97.0 and 97.2%, respectively), meaning that a negative result strongly predicts the absence of severe ARDS.

This study is subject to certain limitations. First, the sample size is relatively small. The limited sample size means that there is a risk that true differences were not detected. Furthermore, this study does not include a COVID-19 group without ARDS and an ARDS group without SARS-CoV-2 infection, which limits the ability to identify biomarkers associated with ARDS development. Another limitation is that the variant of SARS-CoV-2 remained unidentified. The absence of severity scores for ICU patients, such as Acute Physiology and Chronic Health Evaluation II (APACHE II), Simplified Acute Physiology Score (SAPS), Sequential Organ Failure Assessment (SOFA), Mortality Probability Model (MPM), Multiple Organ Dysfunction Syndrome (MODS), and Pulmonary Severity Scoring System (PSSS), also poses a potential opportunity for improvement. Finally, this study potentially lacks external validity because it does not compare genetic profiles to other populations inside or outside Iraq. This study may have residual confounding, as it might not consider all possible variables like socio-economic status or healthcare access.

Despite previous constraints, in this study, the only one of its kind in Iraq robustly assesses COVID-19 ARDS severity using genetic markers (IL-10 SNP). These findings could significantly improve clinical practice. By leveraging demographic factors, hematological parameters, inflammatory biomarkers, cytokines, and the –1,082 A/G polymorphism, healthcare practitioners can optimize risk stratification, enhance prognostic accuracy, and tailor therapeutic approaches for patients with COVID-19-associated ARDS, ultimately improving clinical outcomes and mitigating disease burden.

Conclusion

Our findings highlight the critical role of various laboratory biomarkers, including hematological indices such as Neutrophil count and NLR as well as inflammation biomarkers like CRP and serum IL-10, in monitoring the severity of ARDS in COVID-19 patients. Moreover, the identification of the –1,082 A/G SNP in the IL-10 gene as a potential protective genetic determinant against ARDS severity in COVID-19 underscores the importance of personalized medicine approaches. This study emphasizes the role of genetic variation in IL-10, particularly the protective effect of the GG and AG genotypes and G allele, and highlights age as a key determinant in the clinical progression of ARDS among COVID-19 patients.

Ethics approval and consent to participate

Research protocols were accepted by the ethical committee (No. 01062021-5-9; approved on May 5, 2021) at the University of Duhok and Ministry of Health/Directorate General of Health-Duhok. It is consistent with the Declaration of Helsinki. Each participant was presented with a consent form, and if the patients were unable to sign due to the severity of their illness or disability, their legal representatives were asked to affix their signature.

Informed consent and patient consent for publication

A written-informed consent was obtained from legally authorized representatives for anonymized patient information to be published in this article. The manuscript does not contain any individual person’s data in any form.

Author contributions

All authors contributed to the study’s conception and design. NB, KJK, and RHS: experiments performing; the first draft of the manuscript was written by HKA; SWS and CJ: analysis, interpretation of experiments results, and supervision. All the authors have read and approved the final version of the manuscript and agreed to be accountable for all aspects of the work.

Funding

The Uppsala University Association Against Heart and Lung Diseases and the Bror Hjerpstedt Stiftelse Foundation provided the funding for this study.

Availability of data

The corresponding author can provide the datasets used and/or analyzed during the current study upon reasonable request.

Acknowledgments

We would like to express our gratitude to Biolab-Erbil, Iraq, for its exceptional support in this study.

Conflict of interest

The authors do not have any conflict of interest.

References


	1.	Gibson PG, Qin L, Puah SH. COVID-19 acute respiratory distress syndrome (ARDS): clinical features and differences from typical pre-COVID-19 ARDS. Med J Aust. 2020;213(2):54–6.e1. doi: 10.5694/mja2.50674

	2.	Worldometer. Coronavirus death toll 2024 [updated 13 April 2024]. Available from: https://www.worldometers.info/coronavirus/coronavirus-death-toll/ [cited 13 April 2024].

	3.	Shih L-J, Yang C-C, Liao M-T, Lu K-C, Hu W-C, Lin C-P. An important call: suggestion of using IL-10 as therapeutic agent for COVID-19 with ARDS and other complications. Virulence. 2023;14(1):2190650. doi: 10.1080/21505594.2023.2190650

	4.	Huang SR, Ma AY, Liu Y, Qu Y. Effects of inflammatory factors including plasma tumor necrosis factor-α in the clinical treatment of acute respiratory distress syndrome. Oncol Lett. 2017;13(6):5016–20. doi: 10.3892/ol.2017.6090

	5.	Chen Z, Hu Y, Xiong T, Chen C, Su XX, Huang Y, et al. IL-10 promotes development of acute respiratory distress syndrome via inhibiting differentiation of bone marrow stem cells to alveolar type 2 epithelial cells. Eur Rev Med Pharmacol Sci. 2018;22(18):6085–92.

	6.	Bano Mehdi K, Jehan S, Akhter M, Angez M, Nasir N. Utility of neutrophil to lymphocyte ratio to predict acute respiratory distress syndrome in COVID-19: short communication. Ann Med Surg (Lond). 2023;85(6):3232–6. doi: 10.1097/MS9.0000000000000758

	7.	Song M, Liu Y, Lu Z, Luo H, Peng H, Chen P. Prognostic factors for ARDS: clinical, physiological and atypical immunodeficiency. BMC Pulm Med. 2020;20(1):102. doi: 10.1186/s12890-020-1131-0

	8.	Meyer NJ, Calfee CS. Novel translational approaches to the search for precision therapies for acute respiratory distress syndrome. Lancet Respir Med. 2017;5(6):512–23. doi: 10.1016/S2213-2600(17)30187-X

	9.	Liu H, Zhang H, Wan G, Sang Y, Chang Y, Wang X, et al. Neutrophil-lymphocyte ratio: a novel predictor for short-term prognosis in acute-on-chronic hepatitis B liver failure. J Viral Hepat. 2014;21(7):499–507. doi: 10.1111/jvh.12160

	10.	Smilowitz NR, Kunichoff D, Garshick M, Shah B, Pillinger M, Hochman JS, et al. C-reactive protein and clinical outcomes in patients with COVID-19. Eur Heart J. 2021;42(23):2270–9. doi: 10.1093/eurheartj/ehaa1103

	11.	Mohd Zawawi Z, Kalyanasundram J, Mohd Zain R, Thayan R, Basri DF, Yap WB. Prospective roles of tumor necrosis factor-alpha (TNF-α) in COVID-19: prognosis, therapeutic and management. Int J Mol Sci. 2023;24(7):6142. doi: 10.3390/ijms24076142

	12.	Yang G, Hamacher J, Gorshkov B, White R, Sridhar S, Verin A, et al. The dual role of TNF in pulmonary edema. J Cardiovasc Dis Res. 2010;1(1):29–36. doi: 10.4103/0975-3583.59983

	13.	Lucas R, Hadizamani Y, Enkhbaatar P, Csanyi G, Caldwell RW, Hundsberger H, et al. Dichotomous role of tumor necrosis factor in pulmonary barrier function and alveolar fluid clearance. Front Physiol. 2021;12:793251. doi: 10.3389/fphys.2021.793251

	14.	Aisiku IP, Yamal JM, Doshi P, Benoit JS, Gopinath S, Goodman JC, et al. Plasma cytokines IL-6, IL-8, and IL-10 are associated with the development of acute respiratory distress syndrome in patients with severe traumatic brain injury. Crit Care. 2016;20:288. doi: 10.1186/s13054-016-1470-7

	15.	Liu CH, Kuo SW, Ko WJ, Tsai PR, Wu SW, Lai CH, et al. Early measurement of IL-10 predicts the outcomes of patients with acute respiratory distress syndrome receiving extracorporeal membrane oxygenation. Sci Rep. 2017;7(1):1021. doi: 10.1038/s41598-017-01225-1

	16.	Suárez A, Castro P, Alonso R, Mozo L, Gutiérrez C. Interindividual variations in constitutive interleukin-10 messenger RNA and protein levels and their association with genetic polymorphisms. Transplantation. 2003;75(5):711–17. doi: 10.1097/01.TP.0000055216.19866.9A

	17.	Galley HF, Lowe PR, Carmichael RL, Webster NR. Genotype and interleukin-10 responses after cardiopulmonary bypass. Br J Anaesth. 2003;91(3):424–6. doi: 10.1093/bja/aeg174

	18.	Gong MN, Thompson BT, Williams PL, Zhou W, Wang MZ, Pothier L, et al. Interleukin-10 polymorphism in position -1082 and acute respiratory distress syndrome. Eur Respir J. 2006;27(4):674–81. doi: 10.1183/09031936.06.00046405

	19.	Mohamedsalih P, Salih K, Kareem B, Sabir D. Tracking SARS-CoV-2 variants in Kurdistan Region of Iraq. ZANCO J Pure Appl Sci. 2023;35:128–36. doi: 10.21271/ZJPAS.35.5.12

	20.	WHO. Clinical management of severe acute respiratory infection when Middle East respiratory syndrome coronavirus (MERS-CoV) infection is suspected: interim guidance. Geneva: World Health Organization; 2019.

	21.	Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Caldwell E, Fan E, et al. Acute respiratory distress syndrome: the Berlin definition. JAMA. 2012;307(23):2526–33. doi: 10.1001/jama.2012.5669

	22.	Matthay MA, Arabi Y, Arroliga AC, Bernard G, Bersten AD, Brochard LJ, et al. A new global definition of acute respiratory distress syndrome. Am J Respir Crit Care Med. 2024;209(1):37–47. doi: 10.1164/rccm.202303-0558WS

	23.	Murad K, Goff DC, Jr., Morgan TM, Burke GL, Bartz TM, Kizer JR, et al. Burden of comorbidities and functional and cognitive impairments in elderly patients at the initial diagnosis of heart failure and their impact on total mortality: the cardiovascular health study. JACC Heart Fail. 2015;3(7):542–50. doi: 10.1016/j.jchf.2015.03.004

	24.	Borque L, Bellod L, Rus A, Seco ML, Galisteo-Gonzalez F. Development and validation of an automated and ultrasensitive immunoturbidimetric assay for C-reactive protein. Clin Chem. 2000;46(11):1839–42. doi: 10.1093/clinchem/46.11.1839

	25.	Aboab J, Louis B, Jonson B, Brochard L. Relation between PaO2/FIO2 ratio and FIO2: a mathematical description. In: Pinsky MR, Brochard L, Hedenstierna G, Antonelli M, eds. Applied physiology in intensive care medicine 1: physiological notes – technical notes – seminal studies in intensive care. BerlIn: Springer Berlin Heidelberg; 2012, pp. 63–6.

	26.	Perrey C, Turner SJ, Pravica V, Howell WM, Hutchinson IV. ARMS-PCR methodologies to determine IL-10, TNF-α, TNF-β and TGF-β1 gene polymorphisms. Transpl Immunol. 1999;7(2):127–8. doi: 10.1016/S0966-3274(99)80030-6

	27.	Qadir FA, Pirdawid AO, Aali MH, Smail SW, Khudhur ZO, Shareef AA, et al. Association study of interleukin 10 gene polymorphisms in Iraqi patients with multiple sclerosis. Gene Rep. 2020;21:100948. doi: 10.1016/j.genrep.2020.100948

	28.	Field AP. Discovering statistics using IBM SPSS statistics. 4th ed. Thousand Oaks, CA: SAGE Publications; 2013.

	29.	Cohen J, Cohen P, West SG, Aiken LS. Applied multiple regression/correlation analysis for the behavioral sciences. New York, NY: Routledge; 2015.

	30.	Hosmer DW Jr, Lemeshow S, Sturdivant RX. Applied Logistic Regression. Hoboken, NJ: John Wiley & Sons; 2013.

	31.	Batah SS, Fabro AT. Pulmonary pathology of ARDS in COVID-19: a pathological review for clinicians. Respir Med. 2021;176:106239. doi: 10.1016/j.rmed.2020.106239

	32.	Bellani G, Laffey JG, Pham T, Fan E, Brochard L, Esteban A, et al. Epidemiology, patterns of care, and mortality for patients with acute respiratory distress syndrome in intensive care units in 50 countries. JAMA. 2016;315(8):788–800. doi: 10.1001/jama.2016.0291

	33.	Thapa K, Verma N, Singh TG, Kaur Grewal A, Kanojia N, Rani L. COVID-19-associated acute respiratory distress syndrome (CARDS): mechanistic insights on therapeutic intervention and emerging trends. Int Immunopharmacol. 2021;101(Pt A):108328. doi: 10.1016/j.intimp.2021.108328

	34.	Diamond M, Peniston HL, Sanghavi DK, Mahapatra S. Acute respiratory distress syndrome. StatPearls. Treasure Island, FL: StatPearls Publishing LLC; 2024.

	35.	Ding L, Chen Y, Su N, Xu X, Yin J, Qiu J, et al. Comparison of acute respiratory distress syndrome in patients with COVID-19 and influenza A (H7N9) virus infection. Int J Infect Dis. 2022;122:593–8. doi: 10.1016/j.ijid.2022.06.053

	36.	Perschinka F, Mayerhöfer T, Lehner GF, Hasslacher J, Klein SJ, Joannidis M. Immunologic response in bacterial sepsis is different from that in COVID-19 sepsis. Infection. 2022;50(4):1035–7. doi: 10.1007/s15010-022-01803-0

	37.	Batra R, Whalen W, Alvarez-Mulett S, Gomez-Escobar LG, Hoffman KL, Simmons W, et al. Multi-omic comparative analysis of COVID-19 and bacterial sepsis-induced ARDS. PLOS Pathog. 2022;18(9):e1010819. doi: 10.1371/journal.ppat.1010819

	38.	Yu J, Wang Y, Lin S, Jiang L, Sang L, Zheng X, et al. Severe COVID-19 has a distinct phenotype from bacterial sepsis: a retrospective cohort study in deceased patients. Ann Transl Med. 2021;9(13):1054. doi: 10.21037/atm-21-1291

	39.	Wong JJM, Leong JY, Lee JH, Albani S, Yeo JG. Insights into the immuno-pathogenesis of acute respiratory distress syndrome. Ann Transl Med. 2019;7(19):504. doi: 10.21037/atm.2019.09.28

	40.	Kong M, Zhang H, Cao X, Mao X, Lu Z. Higher level of neutrophil-to-lymphocyte is associated with severe COVID-19. Epidemiol Infect. 2020;148:e139. doi: 10.1017/S0950268820001557

	41.	Smail SW, Babaei E, Amin K, Abdulahad WH. Serum IL-23, IL-10, and TNF-α predict in-hospital mortality in COVID-19 patients. Front Immunol. 2022;14:1145840. doi: 10.3389/fimmu.2023.1145840

	42.	Tilg H, van Montfrans C, van den Ende A, Kaser A, van Deventer SJ, Schreiber S, et al. Treatment of Crohn’s disease with recombinant human interleukin 10 induces the proinflammatory cytokine interferon gamma. Gut. 2002;50(2):191–5. doi: 10.1136/gut.50.2.191

	43.	Herfarth H, Schölmerich J. IL-10 therapy in Crohn’s disease: at the crossroads. Treatment of Crohn’s disease with the anti-inflammatory cytokine interleukin 10. Gut. 2002;50(2):146–7. doi: 10.1136/gut.50.2.146

	44.	Teixeira PC, Dorneles GP, Santana Filho PC, da Silva IM, Schipper LL, Postiga IAL, et al. Increased LPS levels coexist with systemic inflammation and result in monocyte activation in severe COVID-19 patients. Int Immunopharmacol. 2021;100:108125. doi: 10.1016/j.intimp.2021.108125

	45.	Shahbazi M, Abadi JSA, Roshandel D, Koochaki M, Amiri H, Kohansal R, et al. Combination of interleukin-10 gene promoter polymorphisms with HLA-DRB1* 15 allele is associated with multiple sclerosis. Indian J Med Res. 2017;145(6):746–52. doi: 10.4103/ijmr.IJMR_1225_15

	46.	Abbood SJA, Anvari E, Fateh A. Association between interleukin-10 gene polymorphisms (rs1800871, rs1800872, and rs1800896) and severity of infection in different SARS-CoV-2 variants. Hum Genomics. 2023;17(1):19. doi: 10.1186/s40246-023-00468-6

	47.	Rizvi S, Rizvi SMS, Raza ST, Abbas M, Fatima K, Zaidi ZH, et al. Implication of single nucleotide polymorphisms in Interleukin-10 gene (rs1800896 and rs1800872) with severity of COVID-19. Egypt J Med Hum Genet. 2022;23(1):145. doi: 10.1186/s43042-022-00344-3

	48.	Gong MN, Taylor B, Williams PL, Zhou W, Wang MZ, Pothier L, et al. Interleukin-10 polymorphism in position -1082 and acute respiratory distress syndrome. Eur Respir J. 2006;27:674–81. doi: 10.1183/09031936.06.00046405



OPS/UJMS-130-11515-F3.jpg
Residuals

-100

Residual Plot

50

100 150
Fitted Values

200

250

300





OPS/symbol.jpg





OPS/UJMS-130-11515-F4.jpg





OPS/UJMS-130-11515-F1.jpg
Excluded

32

ARDS COVID-19

Non-Kurdish ethnicity or
vaccinated

8

Healthy controls

Non-Kurdish ethnicity or
vaccinated

Participants screened

‘6 48. 190
. én " q\{"( i ARDS COVID-19
9 o !

Y |

Healthy controls

158

ARDS COVID-19

82

Healthy controls





OPS/UJMS-130-11515-F2.jpg
200]

100]

oamoz

-100]

IL-10 vs Pa02/Fi02

BMI vs Pa02/Fi02

A 00
'f:'.},. K

. 20
L
£
Saso
100
50

g 5 i s % 3 I I I

w0 o
CRP vs PaO2IFiO2 Age vs Pa02/Fi02

250)

Po02FO2

BT e e i
o
TNF-a vs Pa02/Fi02 Lymphocyte vs PaO2/Fi02
L . . A RSl T
-
-
Z1s0
00t * . =
4 L T s 3
= e

NLR vs PaO2/Fi02






OPS/CoverDesign.jpg
Upsala J Med Sci

UpSalagotrnal
of Maeel Sdangas

ARDS severity in COVID-19: a case—control study of laboratory
biomarkers and IL-10 SNP analysis

Shukur Wasman Smail, Niaz Albarzinji, Karim Jalal Karim, Rebaz Hamza Salih
and Christer Janson

Published by the Upsala Medical Society






