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Abstract: Background: The coronavirus disease of 2019 (COVID-19) is theorized to be associated with significant
inflammatory episodes. This tends to define the severity and culminates in adverse consequences of the disease. Therefore, the
current study evaluated the potentials of varied inflammatory markers/indices that define the COVID-19 severity. Methods:
This was a retrospective analysis of pre-treatment data obtained from patients with positive real-time polymerase chain
reaction (RT-PCR)-confirmed COVID-19 disease in one of the treatment centers in Port Harcourt, South-south Nigeria. Data
were obtained from case notes, medical review charts, nurses’ charts, and laboratory records by trained research assistants in
the treatment center using pretested data acquisition templates. Abstracted data were compared between the severe positive and
severe negative subgroups and the potentials of varied inflammatory indices were evaluated among the severe positive
subgroup using standard protocols. Results: A total of 600 eligible cases were studied. Among the eligible cases, 543 (90.5%)
had severe negative disease, while 57 (9.5%) had severe positive disease. The severe positive COVID-19 patients had higher
mean blood levels of urea, creatinine, pro-calcitonin, C-reactive protein (CRP), ferritin, higher Glasgow prognostic scores
(GPS), fibrinogen, D-dimer, fibrinogen-albumin ratio, total white cell count, neutrophil counts, composite
neutrophil/lymphocyte ratio (NLR), composite platelet to lymphocyte ratio but lower potassium, albumin, hemoglobin levels,
and isolated lymphocyte and platelet counts compared to the severe positive COVID-19 subjects (p<0.05). The C-reactive
protein, GPS, D-dimer, and the composite NLR ratio indices significantly predicted COVID-19 severity on the crude
regression model which was maintained in the adjusted model. However, serum CRP concentrations (AUC: 0.95; 95% CI:
0.82-1.00; p<0.001) maintained a more robust predictive potential compared to the GPS (AUC: 0.94; 95% CI: 0.84-1.00;
p<0.001), D-dimer levels (AUC: 0.89; 95% CI: 0.79-0.94; p=0.004), and the composite NLR (AUC: 0.87; 95% CI: 0.77-0.92).
Conclusion: The current study corroborates the role of inflammation in the COVID-19 disease severity. The clinical utility of
these inflammation-induced markers/indices especially the CRP, GPS, D-dimer, and the NLR should be prioritized among
Nigerians during the management of the disease.
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in different regions of the world [1]. Many nations have gone
through several waves of the pandemic since the evolution of
the pandemic [2]. Nigeria is not left out in this regard as the
country has already experienced three waves and seems to be
entered the fourth wave at the end of 2021 [3].

1. Introduction

Currently, the entire world is still grappling with the
scourge of the novel coronavirus disease of 2019 (COVID-
19) pandemic as the spread of the disease remains unabated
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Since the outbreak in late 2019, the exact origin and the
disease pathophysiologic basis have remained elusive to
medical experts [4, 5]. However, the most striking and well-
understood pathophysiology feature of the COVID-19
disease episode is the induction of dysregulated
inflammatory responses in the host, especially in the severe
variants of the disease with attendant adverse consequences
[4, 5]. As widely reported, these inflammatory responses
have been associated with the severity of COVID-19 which
culminates in high morbidity/mortality potentials [4].

Several inflammatory markers and indices including the
biochemical, coagulation and hematologic parameters have
been associated with dysregulated inflammatory cascade in
COVID-19 [6-8]. These inflammatory markers/indices have
been shown to aid clinical diagnosis and monitoring of
COVID-19 patients in several reports [6-13]. However, most
of these markers have been evaluated predominantly among
the Caucasian populations and very few have evaluated the
predictive potentials of these markers in severe COVID-19
infection [11].

Hence, the current study evaluated the potentials of varied,
readily available, and inexpensive biochemical, coagulation,
and hematologic inflammatory markers/indices in the
prediction of severe COVID-19 among patients in Port
Harcourt, Nigeria.

2. Materials and Methods
2.1. Study Design and Site

This was a retrospective analysis of data of all eligible
inpatients/outpatients managed for COVID-19 at the Eleme
treatment center in Rivers State. The treatment was set up by
the Rivers State Government in response to the COVID-19
pandemic and receives hundreds of COVID-19 cases per
year. The center has a side laboratory that is equipped with
automated biochemistry and hematology analyzers for
laboratory investigations before and during the management
of COVID-19 infection. The laboratory results from these
investigations are properly archived at the treatment center
by trained medical personnel. The patient attendees in the
center are usually referred following a positive real-time
reverse-transcriptase polymerase chain reaction (RT-PCR)
positive test result, from a nasal and/or throat swab, at the
Rivers State University Teaching Hospital (RSUTH)
COVID-19 molecular testing center.

2.2. Ethical Considerations

Approval for the study was granted by the Research Ethics
Committee of Rivers State Hospital Management Board
(RSHMB) before commencement. The study was conducted
with strict adherence to the RSHMB Research Ethics
guidelines and in per the principles of the Helsinki
Declarations of 1964 and as revised in 2013.

2.3. Sample Size Determination

The sample size was calculated using the sample size

formula for evaluating characteristics in a population
of >10,000, at a 95% confidence interval and 5% margin of
error, using an assumed COVID-19 prevalence rate of 50%
[14]. Though the calculated minimum sample size was
approximately 480 including an anticipated 10% attrition
rate, we had recruited 600 due to availability/accessibility of
case records/data which enhanced the power of the present
study.

2.4. Study Tools and Population

The study utilized properly archived data of 600 patients
with RT-PCR-confirmed COVID-19 disease who were
admitted/managed at Rivers State Government-owned Eleme
COVID-19 treatment center between 2020 and 2021.

2.5. Eligibility Criteria

The criteria for inclusion were data of adults, with
apparently normal/stable health status before COVID-19
diagnosis, and of age >18 years as at the time of primary
diagnosis/admission in the treatment center. Those excluded
were data of the pregnant patients, unconscious patients,
COVID-19 re-infected patients, and those with pre-existing
inflammatory conditions before COVID-19 diagnosis.

2.6. Data Collection

Data was acquired from the case notes, medical chart
reviews, nurses’ charts, and laboratory files by well-trained
research assistants (nurses/laboratory scientists/doctors)
authorized to work at the treatment center. Extraction of data
was done using well-designed/pretested data extraction
templates. The initial basic variables of which data was
acquired included the socio-demographic, clinical and
anthropometric data, and body mass index (BMI) calculated
as the ratio of weight in kilograms divided by height in
meters squared. The various biochemical inflammatory
markers/indices of which data were acquired included the
pro-calcitonin, C-reactive protein (CRP), and ferritin. The
coagulation inflammatory parameters included plasma
fibrinogen and D-dimer levels. The derived hematological
inflammatory indices were obtained from the full blood count
(FBC), WBC differentials, and the platelet count. The other
laboratory parameters determined were plasma sodium,
potassium, chloride, bicarbonate, urea, creatinine, albumin,
total plasma proteins, and hemoglobin concentrations.

2.7. Specimen Acquisition, Processing, and Laboratory
Analysis

All specimens were acquired following standard protocols
in the treatment center including the laboratory analysis. The
heparinized plasma was analyzed for plasma sodium,
potassium, bicarbonate, chloride on an ion-selective electrode
chemistry analyzer (SFRI 6000, SFRI Diagnostics,
Berganton, France). The heparinized plasma was also
analyzed for urea, creatinine, albumin, and total protein on an
automated chemistry analyzer (BS200, Mindray, Shenzhen,
China). EDTA whole blood was analyzed for Hb
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concentration, FBC, RBC, and Platelet counts on an
automated hematology analyzer (BC10, Mindray, Shenzhen,
China).

Plain-tube processed serum was analyzed for pro-
calcitonin, D-Dimer, ferritin on an automated immunoassay
analyzer (Mini Vidas, Biomerieux, France). The plain tube-
derived serum was analyzed for CRP using a CRP analyzer
(HEALES, Shenzhen, China). Citrated plasma fibrinogen
level was determined using a coagulation analyzer (COA04,
Biobase, China).

2.8. Data Definitions/Stratifications

COVID-19 severity was classified based on the Nigerian
Centre for Disecase Control National (NCDC) case
management guideline as non-severe and severe [15]. The
disease severity was defined as the presence of fever >38°C
or suspected respiratory infection, plus one of respiratory
rate >30 breaths/min; severe respiratory distress; oxygen
saturation (SpO,) of < 93% on room air and the presence of
co-morbid conditions such as diabetes, asthma, hypertension
in adults and cough or difficulty in breathing and at least one
of the following central cyanosis or Sp0,<92%; severe
respiratory distress e.g. grunting breathing, very severe chest
in-drawing and signs of pneumonia in children. A confirmed
COVID-19 case was defined as a patient with a positive real-
time RT-PCR from a nasal and/or throat swab together with
signs, symptoms, and/or radiological findings suggestive of
COVID-19 infection.

Hematologic-based inflammatory makers/indices such as
the composite neutrophil and lymphocyte ratio (NLR) and
the platelet and lymphocyte ratio (PLR) were also derived by
calculation using the relevant laboratory indices. While the
novel inflammation-based prognostic scores such as the
fibrinogen/albumin ratio (FAR) and the Glasgow Prognostic
Score (GPS) were also determined. The GPS was further
graded as 0, 1 to 2 as previously published [13]. The
COVID-19 disease outcome was classified into discharged,
ICU transfer/treatment care, and mortality.

2.9. Data Management/Statistical Analysis

Data were managed and analyzed using the Statistical
Package for Social Sciences (SPSS) software version 25.0
(IBM Co., Armonk, NY, USA). The continuous variables were
initially evaluated for conformity to Gaussian distribution
using both visual (histogram/probability plots) and statistical
(Kolmogorov-Smirnov/Shapiro-Wilk tests) parameters.

The continuous data found not be of Gaussian pattern were
logarithmically transformed before analysis and summarized
using means + standard deviations; the comparison was made
with the independent student t-test or analysis of variance
(ANOVA), where necessary. The categorical data were
summarized using proportions with counts/percentages; the
comparison was made with the chi-square test or Fisher’s
exact test and the Yate’s continuity correction was applied,
where necessary.

Crude/adjusted logistic regression models were used to

determine the magnitude of the relationship between
variables at 95% Confidence Intervals (CI).

Receiver operating characteristics curve (ROC) analysis
was used to evaluate the predictive potentials of relevant
inflammatory parameters. ROC cut-off points were
determined by searching for the maximum Youden’s index
(sensitivity + specificity—1). A p-value difference of less than
0.05 was deemed statistically significant.

3. Results

During the studied period, 678 positive COVID-19 patient
attendees presented in the treatment center, however, 600 met
the eligibility criteria to be included in the analysis.

As depicted in Table 1, a total of 600 eligible cases were
studied. Among these cases, 543 (90.5%) had severe negative
disease, while 57 (90.5%) had severe positive disease. No
age difference was observed among the severe negative and
the severe positive subgroups (Table 1). However, there was
significant gender difference with male predominance
including differences in educational/marital status, area of
residence, smoking history, BMI status, systolic blood
pressure, oxygen saturation, and disease outcomes between
the severe negative and the severe positive COVID-19
disease subgroups (p<0.05; Table 1).

Compared to the severe negative COVID-19 patients, the
severe positive subjects had higher mean plasma levels of
urea, creatinine but lower levels of potassium, albumin, total
protein, hemoglobin concentrations (Table 1; Panel A).
Additionally, the severe positive COVID-19 subjects also had
higher mean levels of pro-calcitonin, CRP, ferritin, GPS
parameters, fibrinogen, D-Dimer, and the FAR, total white
cell count, isolated neutrophil counts, composite NLR, and
composite PLR but lower isolated lymphocyte count and
platelet count compared to the severe positive COVID-19
subjects (p<0.05) (Table 2; Panels B, C, & D).

On crude logistic regression analysis, serum CRP (OR:
9.44; 95% CI. 6.70 — 12.31; P<0.001), GPS (OR: 5.67,
95%CI: 3.66 — 8.31; p<0.001), D-dimer (OR: 8.44: 95%CI:
6.05 — 10.54; p<0.001), and composite NLR (OR: 7.74;
95%CI: 4.66 — 9.83; p<0.001) predicted COVID-19 severity
(Table 3; Panels A, B, and C).

Furthermore, the significant associations between serum
CRP (OR: 10.4; 95%CI: 7.51 — 13.89; p<0.001), composite
GPS (OR: 6.78; 95%CI; 4.03 — 8.99; p<0.001), D-dimer
(OR: 9.11; 95% CI: 7.04 — 12.77; p<0.001), composite NLR
(OR: 8.55; 95%CI: 5.47 — 10.85; p<0.001) and severe
COVID-19 was maintained on adjusting for covariates (Table
3; Panels A, B, and C).

In Table 4, serum CRP, GPS, D-dimer, and the composite
NLR had significant predictive potentials for COVID-19
severity following ROC analysis. However, serum CRP
(AUC: 0.95; 95%CI: 0.82-1.00; p<0.001) maintained more
robust potentials compared to the composite GPS (AUC:
0.94; 95%CI: 0.84-1.00; p<0.001), D-dimer levels (AUC:
0.89; 95%CI: 0.79-0.94; p=0.004), and the composite NLR
(AUC: 0.87; 95%CI: 0.77-0.92).
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Table 1. Descriptive characteristics of the non-laboratory variables among the studied COVID-19 subjects on presentation to the treatment center.

All Cases n = 600 (100%)

Severe —ve cases n =543 (90.5%) Severe +ve Cases n =57 (9.5%)

p-value severe

Variables Mean + SD/n Mean = SD/n Mean + SD/n —ve vs. +ve
Mean Age, years 4220+6.71 39.77 +£5.87 40.89 + 6.04 0.154
Age groups, years 0.063
18-44 (young adults) 360 351 9

45-64 (middle-aged) 159 144 15

>65 (elderly) 81 48 33

Gender: Male/female 374/226 339/204 35/22 0.018*
Occupation: Health worker (Yes/No)  346/254 313/230 33/24 0.090
Educational status <0.001*
None/primary/secondary/tertiary 13/55/135/397 12/50/121/360 1/5/14/37

Marital status <0.001*
Married/single/bereaved 425/169/6 386/151/6 39/18/0

Residential Area: Urban/Rural 570/30 517/26 53/4 <0.001*
Religion: Christian/Moslem 563/37 509/34 54/3 0.070
Cigarette smoker***: Yes/No 83/517 65/479 18/38 <0.001*
Alcohol consumption status: Yes/No  128/472 103/440 25/32 0.066
Mean BMI, kg/m’ 28.15+4.33 28.44 +4.29 29.66 +5.07 0.011*
BMI classes, kg/m? 0.094
Ideal weight (18.5 —24.9) 207 203 4

Overweight (25.0 —29.9) 167 150 17

Obese (=30.0) 226 190 36

Body temperature, °C 37.9+1.33 37.83£1.06 37.96 £ 1.11 0.069
SBP, mmHg 135.66 + 7.55 134.43 +£7.19 139.22 £7.03 0.037*
DBP, mmHg 88.74 £5.74 87.44 £ 6.02 89.22 +£5.77 0.055
HR/minute 78.16 +£4.83 77.32£4.56 77.82+491 0.122
RR/minute 2437+3.22 23.81+3.04 24.13+3.52 0.206
Oxygen saturation (SpO,),% 93.93+£6.19 92.43 +£6.11 90.88 +£5.87 0.002*
Comorbid conditions:** Yes/No 190/410 149/394 41/16 <0.001*
Outcome

Discharged/ICU transfer/mortality 490/106/4 444/99/0 46/7/4 <0.001*
Contact with known case: Yes/No 201/399 188/443 13/57 0.076

*Statistically significant; M + SD: mean + standard deviation; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart
rate; RR: respiratory rate; ICU: Intensive Care Unit; **comorbidities include being aged >65 years; having cardiovascular disease, hypertension, chronic lung
disease, asthma, sickle cell disease, HIV/AIDS, diabetes, cancer, obesity, or chronic kidney disease, chronic liver disease; being a cigarette smoker; being a
transplant recipient, and receiving immunosuppressive therapy; ***past/current smoker.

Table 2. Comparative distribution of laboratory parameters at presentation among non-severe/severe COVID-19 subjects.

Severe —ve Cases n = 543 (90.5%)

Severe +ve Cases n =57 (9.5%)

Parameters (Reporting Units) Mean £ SD/n Mean £ SD/n p-value
A. Non-inflammatory laboratory parameters

Plasma sodium, mmol/L 134.6 + 8.66 133.87 £8.14 0.278
Plasma potassium, mmol/L 3.71+£1.07 3.13+1.12 0.020*
Plasma Chloride, mmol/L 95.55+7.66 94.63 +7.14 0.193
Bicarbonate, mmol/L 22.11+4.41 21.89 +4.66 0.451
Plasma urea, mmo/L 5.7+1.83 6.8 +1.97 0.017*
Plasma creatinine, pmol/L 115.66 +10.74 174.89 £ 11.63 <0.001*
Plasma albumin, g/L 35.66 +4.51 33.96 +4.34 <0.001*
Plasma total protein, g/L 64.17£6.74 59.91+£6.77 <0.001*
Hemoglobin concentration, g/L 110.23 +£9.56 100.05 +8.17 0.024*
B. Biochemical inflammatory markers/indices

Serum pro-calcitonin, pg/L 1.3+£0.47 3.4+1.04 <0.001*
Serum C-reactive protein, nmol/L 139.4 £10.46 257.88 £ 12.11 <0.001*
Serum ferritin, pmol/L 690.44 + 23.67 2,066 +94.11 <0.001*
GPS (as continuous data) x 10° 59.14 £ 4.55 157.89 £ 11.54 <0.001*
GPS (as categorical data), score 0/score 1/ score 2 167/128/33 0/90/60 <0.001*
C. Coagulation inflammatory markers/indices

Fibrinogen, g/L 4.88+1.07 7.35+1.41 <0.001*
D-Dimer, (normal < 500 pg/L FEU) 756.34 +£98.71 2,677 £ 110.66 <0.001*
Fibrinogen (g/L)/albumin (g/L) ratio, x 10° 145.11 +£12.39 307.84 £23.41 <0.001*
D. Hematologic inflammatory markers/indices

Total WBC x 10°/L 13.73 £2.33 17.78 £3.41 <0.001*
WBC differentials, n

Neutrophil count x 10°/L 10.70 £ 2.11 15.31+£2.73 <0.001*
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Severe —ve Cases n = 543 (90.5%)

Severe +ve Cases n =57 (9.5%)

Parameters (Reporting Units) Mean = SD/n Mean = SD/n p-value
Lymphocyte count x 10°/L 1.60 £ 0.34 1.10+0.21 0.023*
Monocyte count x 10%/L 0.90+0.21 1.08 £0.26 0.076
Eosinophil count x 10°/L 0.34+0.07 0.23+0.04 0.058
Basophil count x 10°/L 0.09 +0.02 0.06 +0.01 0.059
Platelet count x 10°/L 140.44 +£8.71 122.3+6.93 <0.001*
Red cell count x 10'%/L 430£0.94 4.4+0.83 0.236
Neutrophil to lymphocyte ratio 5.54+1.10 11.22+2.37 <0.001*
Platelet to lymphocyte ratio 87.6 +7.81 111.93 £8.22 <0.001*
*Statistically significant; GPS: Glasgow prognostic score; FEU: fibrinogen-equivalent unit; WBC: white cell count.
Table 3. The Magnitude of associations between varied inflammatory markers and severity of COVID-19.

COVID-19 Infection Severity
Parameters Crude logistic regression Adjusted logistic regression**

OR; 95% CI p-values OR; 95% CI p-values
A. Biochemical inflammatory indices
Serum pro-calcitonin, pg/L 1.20 (0.66 - 1.61) 0.057 1.12 (0.63 - 1.74) 0.065
Serum C-reactive protein, nmol/L 9.44 (6.70 — 12.31) <0.001* 10.4 (7.51 — 13.89) <0.001*
Serum ferritin, pmol/L 1.34 (0.77 - 1.89) 0.083 1.27(0.71 - 1.72) 0.091
GPS (as continuous data) 5.67 (3.66 —8.31) <0.001* 6.78 (4.03 — 8.99) <0.001*
B. Coagulation inflammatory indices
Fibrinogen, g/L 1.13 (0.64 — 1.37) 0.069 1.09 (0.59 - 1.29) 0.070
D-Dimer, ng/L FEU 8.44 (6.05-10.54) <0.001* 9.11 (7.04 - 12.77) <0.001*
Fibrinogen/albumin ratio 1.19 (0.73 — 1.73) 0.078 1.11 (0.69 — 1.74) 0.088
C. Hematologic inflammatory indices
Neutrophil/lymphocyte ratio 7.74 (4.66 — 9.83) <0.001* 8.55(5.47-10.85) <0.001*
Platelet/lymphocyte ratio 1.34(0.98 —1.92) 0.078 1.29 (0.91 — 1.96) 0.064

*Statistically significant; GPS: Glasgow prognostic score; FEU: fibrinogen-equivalent unit; OR: odds ratio; CI: confidence interval; **Adjusted for gender,
educational/marital status, residential area, smoking status, BMI, Systolic blood pressure, oxygen saturation, comorbid conditions, disease outcome, and
plasma potassium, urea, creatinine, albumin, total protein levels, hemoglobin concentrations, and total white cell, neutrophil, and lymphocyte counts.

Table 4. Predictive potentials of the significant inflammatory markers/indices for COVID-19 severity.

Parameters/Reporting units Cut-off value Sensitivity, % Specificity, % AUC 95% CI p-value
A. Biochemical inflammatory indices

Serum C-reactive protein, nmol/L 17.30 95.30 86.50 0.95 0.82-1.00 <0.001*
GPS (as continuous data) 57.90 93.40 84.40 0.94 0.84 -1.00 <0.001*
B. Coagulation inflammatory indices

D-Dimer, ng/L FEU 768.40 92.60 83.20 0.89 0.79 -0.94 0.004*
C. Hematologic inflammatory indices

Neutrophil/lymphocyte ratio 7.65 91.70 82.20 0.87 0.77-0.92 0.011*

*Statistically significant; GPS: Glasgow prognostic score; FEU: fibrinogen-equivalent unit; AUC: area under the curve;

CI: confidence interval.

4. Discussion
4.1. Principal Findings

COVID-19 disease is characterized by significant
inflammatory episodes that tend to define the disease severity
and culminate in adverse consequences of the disease
process. The present study evaluated the potentials of varied
inflammatory indices that have been utilized to define the
severity of the disease among indigenous blacks of Nigerian
origin. In the current study, the severe COVID-19 patients
had higher mean levels of plasma/serum pro-calcitonin, C-
reactive protein, ferritin, higher Glasgow prognostic scores
(both as continuous and categorical data), fibrinogen, D-
Dimer, fibrinogen-albumin ratio, total white cell count,
neutrophil counts, neutrophil to lymphocyte ratio, platelet to
lymphocyte ratio but lower lymphocyte and platelet counts

compared to the non-severe COVID-19 subjects. On crude
logistic regression model, C-reactive protein, Glasgow
prognostic scores, D-dimer, and neutrophil to lymphocyte
ratio predicted COVID-19 which remained statistically
significant on the adjusted regression model. However, serum
C-reactive protein levels maintained more robust potential
compared to the Glasgow prognostic scores, D-dimer levels,
and the neutrophil to lymphocyte ratio.

4.2. Relationship with Existing Literature

A large number of studies reported since the COVID-19
outbreak have previously shown the release of several
markers/indices, pro-inflammatory in characteristics, such as
CRP, D-Dimer, Glasgow prognostic scores, and the neutrophil to
lymphocyte parameters due to altered physiological and
biochemical processes initiated by the disease, resulting in the
severity of the disease and resultant adverse consequences such
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as heightened morbidity/mortality [16-19].

During the profiling of varying inflammatory biomarkers
documented by Alam and colleagues among mild to critically ill
severe acute respiratory syndrome corona virus-19 (SARS
COVID-19) patients from Karachi, Pakistan, the authors
concluded that the several pro-inflammatory markers such as
CRP, D-Dimer, and others, which are released in abnormally
high concentrations in COVID-19 patients of variable syndrome
intensity, tend to be significant indicators of COVID-19 disease
severity, progression, and success of treatments [6]. However,
the study by Alam and colleagues was limited by sample size
(n=48). In another study reported by Igbal and colleagues
among Indian COVID-19 patients with a relatively large sample
size population (n=433) compared to that of Alam and
colleagues, the authors found elevated pro-inflammatory
markers including CRP among the severely ill patients and they
concluded that the pro-inflammatory markers be used to
differentiate severe from non-severe patients with COVID-19
infection [7]. Similar findings have been documented in two
previous Nigerian studies [12, 16].

In another similar study documented in Bangladesh by
Rahman and colleagues which agrees with the current study, the
study found elevated inflammatory markers in severe COVID-
19 infection which correlated with the worse disease outcomes
[17]. Furthermore, alterations of novel inflammatory ratios have
also been linked with COVID-19 severity. The NLR has been
proved to be one of the most effective biochemical markers able
to predict severe COVID-19 which have been reported to
represent an immune-dysregulated response during the disease
with lymphopenia and neutrophilia [20, 21]. As recently
documented by Kuludztiirk, the Glasgow prognostic score also
has been observed to correlate with COVID-19 infection
severity and worse outcome among Turkish patients [22]. The
current data presented in this study corroborates the widely
observed pathophysiologic basis of COVID-19 severity and
underscore the role played by hyper-inflammation in the disease
evolution and progression [11-22].

4.3. Mechanistic Considerations

COVID-19 infection has been linked to accelerated
exaggeration of cytokine storm (also known as
hypercytokinemia) during the disease process, leading to the
abnormally elevated production of pro-inflammatory cytokines
and chemokines including interleukin-1, interleukin-6,
interleukin-18, Tumor Necrosis Factor-alpha among others
which have been adduced for the extensive tissue damages and
multi-organ failures in COVID-19 infection [12, 18, 19]. These
pro-inflammatory  cytokines and  chemokines-induced
inflammatory storms generated by COVID-19 infection hyper-
activates inflammatory responses in the host, resulting in the
elevated release of varying inflammatory biomarkers/indices,
such as the C-reactive protein, D-Dimer, procalcitonin, ferritin,
and enzymes [11, 18, 19].

There is also an immune-dysregulated response resulting in
distortions of the blood cell parameters notably the raised total
WBC and neutrophils but lowered lymphocytes and platelets
counts [19, 21]. This is the basis of the use of the hematological

ratios because not all the blood cell parameters may be distorted
at the same time during the disease process [19, 21].

4.4. Relevance to Clinical Practice and Future Research

Evidence from the current study suggests that these
inflammatory markers could be employed as screening and
adjunct diagnostic indices to delineate the non-severe from the
severe cases of COVID-19 which could facilitate better
treatment options. Their clinical utility could also aid in
staging the disease since the few current global therapeutic
options vary with the disease stage. As potential therapeutic
targets, efforts should be geared towards elaborate clinical
trials of effective anti-inflammatory agents in this regard.
Moreover, the genetic basis of why some patients develop
severe disease variants should also be another area of research.

4.5. Strength and Limitations

The study was strongly strengthened by the use of a relatively
large sample size population and the recruitment/analysis of
only those COVID-19 patients with confirmed positive RT-PCR
tests. Yet, the study was limited by some factors which are
potential areas for improvement in future research. As with most
observational study, its findings does not indicate a cause-effect
implication but merely associations.

Secondly, it was a single-center study with predominantly
black populations, so, its findings may not be representative
of the larger population within the studied region. Under-
reporting of the number of cases cannot also be ruled with
certainty since the data were retrospectively acquired.

5. Conclusion

The current study corroborates the role of inflammation
and the inflammatory markers/indices in association with the
COVID-19  disease  severity. These  inflammatory
markers/indices were found in association with COVID-19
severity compared to the non-severe disease. The clinical
utility of these studied inflammatory markers/indices
especially the C-reactive protein, the Glasgow prognostic
score, D-dimer levels, and the neutrophil to lymphocyte ratio
should be prioritized among Nigerians. This will aid
screening, diagnosis, staging, therapeutic monitoring, and as
therapeutic targets, especially in severe COVID-19 infection.

Statement of Ethics

The ethical approval of the study was obtained from the
Research Ethics Committee of RSHMB following the review
of the study protocols and the study was subsequently
executed in compliance with the principles embodied in the
Helsinki Declaration.

Disclosure Statement

All the authors do not have any possible conflicts of
interest.



24 Stephenson Lawson and Collins Amadi: Potentials of Varied Inflammatory Indices in the Prediction of
COVID-19 Severity Among Nigerians

Author Contributions

All the authors were involved substantially in the concept
and design of the study, data acquisition, analysis and
interpretation of the data, drafting the article, revising the
article critically for its intellectual content, and in the final
approval of the version to be published.

Data Availability

The data that support the findings of this study are not
publicly available due to their containing information that
could compromise the privacy of research participants but are
available from the corresponding author (CA) upon
reasonable request.

Acknowledgements

The authors appreciate all the efforts of all the medical
doctors, nurses, and laboratory scientists at the Rivers State
Eleme COVID-19 treatment center and the COVID-19
Molecular Laboratory at the Rivers State University Teaching
Hospital (RSUTH) for all their professional assistance during
the conduct of the study.

References

[1] Ramphul K, Ramphul Y, Park Y, Lohana P, Dhillon BK,
Sombans S. A comprehensive review and update on severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
and Coronavirus disease 2019 (COVID-19): what do we
know now in 2021?. Arch Med Sci Atheroscler Dis. 2021; 6:
e5-el3.

[2] Devezas T, Miranda LCM. On the global time evolution of the
COVID-19 pandemic: Logistic modeling. Technol Forecast
Soc Change. 2022; 175: 121387. DOI:
10.1016/j.techfore.2021.121387.

[3] Adesunkanmi AO, Ubom AE, Olasehinde O, Wuraola FO,
[jarotimi OA, Okon NE, Ikimalo JI, Fasubaa OB,
Adesunkanmi AR. Impact of the COVID-19 pandemic on
surgical residency training: perspective from a low-middle
income country. World J Surg. 2021; 45 (1): 10-7.

[4] Yuki K, Fujiogi M, Koutsogiannaki S. COVID-19
pathophysiology: A review. Clinical immunology. 2020; 215:
108427.

[5] Osuchowski MF, Winkler MS, Skirecki T, et al. The COVID-
19 puzzle: deciphering pathophysiology and phenotypes of a
new disease entity. Lancet Respir Med. 2021; 9 (6): 622-642.
DOI: 10.1016/S2213-2600(21)00218-6.

[6] Alam JM, Asghar SS, Ali H, Mahmood SR, Ansari MA.
Profiling of inflammatory biomarkers in mild to critically ill
severe acute respiratory syndrome corona virus-19 (SARS
COVID-19) patients from Karachi, Pakistan. Pakistan J
Pharma Sci. 2021; 34 (1): 429-33.

[7] Igbal S, Kumar S, Mustafa I, Arora M, Sah SP, Sharma S.
Association of biochemical indices and severity of COVID-
19. Int J Health Clin Res. 2021; 4 (11). 246-8.

(8]

9]

[10]

[11]

[12]

[13]

[15]

[16]

[17]

[18]

[19]

[22]

Farid E, Sridharan K, Alsegai OA, Khawaja SA, Mansoor EJ,
Teraifi NA, Qahtani MA, Salman JA. Utility of inflammatory
biomarkers in patients with COVID-19 infections: Bahrain
experience. Biomark Med. 2021; 15 (8): 541-9.

Liu J, Liu Y, Xiang P, Pu L, Xiong H, Li C, et al. Neutrophil-
to-lymphocyte ratio predicts critical illness patients with 2019
coronavirus disease in the early stage. J Transl Med. 2020
May 20; 18 (1): 206. DOI: 10.1186/512967-020-02374-0.

Qun S, Wang Y, Chen J, Huang X, Guo H, Lu Z, et al.
Neutrophil-to-Lymphocyte Ratios Are Closely Associated
With the Severity and Course of Non-mild COVID-19. Front
Immunol. 2020; 11: 2160. DOI: 10.3389/fimmu.2020.02160.

Ikeagwulonu RC, Obeta MU, Ugwu IN. Systematic review of
laboratory parameters predicting severity and fatality of
COVID-19 hospitalised patients. New Zealand Journal of
Medical Laboratory Science. 2020; 74 (3): 165-80.

Ifeanyi OE, Mercy OH, Prayer NN, Chijindu OH. Cytokines,
coagulation profile and haematological changes in COVID-19
patients as indicators of their health status: A review.
European Journal of Biomedical. 2020; 7 (7): 724-9.

Kuludztirk M, Deveci F, Turgut T, Oner O. The Glasgow
Prognostic Score and fibrinogen to albumin ratio as prognostic
factors in hospitalized patients with COVID-19. Expert Rev
Respir Med. 2021; 15 (8): 1061-1068. DOI:
10.1080/17476348.2021.1923483.

Naing L, Winn T, Rusli BN. Practical issues in calculating the
sample size for prevalence studies. Arch Orofac Sci. 2006; 1:
9-14.

Nigerian Centre for Disease Control (NCDC) National Interim
Guidelines for Clinical Management of COVID-19. Accessed
25" December 2021.

Akinwumi JA, Edem FV, Arinola GO. Cellular Inflammatory
Indices in Hospitalized Nigerian COVID-19 Patients. J Health
Sci Res 2021; 6 (2): 19-26.

Rahman MA, Shanjana Y, Tushar MI, Mahmud T, Rahman
GM, Milan ZH, et al. Hematological abnormalities and
comorbidities are associated with COVID-19 severity among
hospitalized patients: Experience from Bangladesh. PLOS
ONE. 2021; 16 (7): €0255379.

Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS,
Manson JJ. COVID-19: consider cytokine storm syndromes and
immunosuppression. The lancet. 2020; 395 (10229): 1033-4.

Zeng F, Huang Y, Guo Y, Yin M, Chen X, Xiao L, Deng G.
Association of inflammatory markers with the severity of
COVID-19: a meta-analysis. International Journal of
Infectious Diseases. 2020; 96: 467-74.

Ponti G, Maccaferri M, Ruini C, Tomasi A, Ozben T.
Biomarkers associated with COVID-19 disease progression.
Crit Rev Clin Lab Sci. 2020; 57 (6): 389-399.

Li X, Liu C, Mao Z, Xiao M, Wang L, Qi S, Zhou F.
Predictive values of neutrophil-to-lymphocyte ratio on disease
severity and mortality in COVID-19 patients: a systematic
review and meta-analysis. Crit Care. 2020; 24 (1): 1-0.

Kuluédztirk M, Deveci F, Turgut T, Oner O. The Glasgow
Prognostic Score and fibrinogen to albumin ratio as prognostic
factors in hospitalized patients with COVID-19. Expert Rev
Respir Med. 2021: 1-8.



