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INTRODUCTION

Viral diseases with zoonotic origins have affected public health in recent years.[1-3] The 
21st century has seen outbreaks of various viruses such as Zika, CoVs, Nipah, and Ebola.[4] In late 
2019, a mysterious respiratory illness emerged in Wuhan, China.[5] The cause was identified as 
the novel coronavirus (SARS-CoV-2) in February 2020, and the illness was named COVID-19.[6] 
COVID-19 is considered the 5th pandemic since the 1918 flu and is highly contagious. The World 
Health Organization declared it a pandemic in April 2020.[7] The symptoms of COVID-19 can 
vary, ranging from asymptomatic or mild infection to severe cases that can result in death.[8]

ABSTRACT
Objectives: The study aimed to evaluate the performance of rapid antigen test (RAT) and reverse transcription 
polymerase chain reaction (RT-PCR) in detecting COVID-19 and the impact of laboratory biomarkers on the 
severity of the disease.

Material and Methods: A total of 150 nasopharyngeal swabs and blood samples were collected from symptomatic 
COVID-19 patients in Tehsil head-quarter Hospital, Dargai from August 2021 to March 2022.

Results: RAT revealed a sensitivity of 86.67% and specificity of 100%, while RT-PCR revealed a sensitivity of 
93.33% and specificity of 100%. The highest infection rate was found in males, and the average age of patients was 
53.87 years. The most common symptoms were fever and sore throat. Patients were categorized into four groups 
based on cycle threshold values and blood biomarkers: mild, moderate, severe, and critical. White blood cell count, 
platelet count, and C-reactive protein were significantly different between the groups. Lactate dehydrogenase, 
D-dimer, and serum ferritin were significantly increased in critical patients. The receiver operating characteristic 
curve showed that inflammatory biomarkers had a comparative performance in predicting disease severity in 
COVID-19 patients.

Conclusion: Blood biomarkers are associated with the disease severity in COVID-19 patients, and further studies, 
such as metabolomics, are recommended to explore the immunological mechanisms behind these biomarkers.
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Early symptoms include fever, cough, nasal congestion, 
malaise, headache, shortness of breath, myalgia, dyspnea, 
nausea/vomiting, sore throat, and diarrhea.[9] The National 
Health Commission in China has divided COVID-19 patients 
into mild, moderate, severe, and critical categories based on 
symptoms.[10] The World Health Organization (WHO) and 
the Centers for Disease Control have formulated criteria for 
diagnosing COVID-19, including real-time polymerase chain 
reaction (RT-PCR), computed tomography (CT) imaging, next-
generation sequencing (NGS), rapid antigen tests, enzyme-
linked immune sorbent assay, and others.[11-13] RT-PCR, NGS, 
and nucleic acid amplification tests are the most commonly 
used methods, with RT-PCR capable of detecting SARS-
CoV-2 RNA in respiratory samples.[14,15] COVID-19  patients 
may also have variations in hematological parameters such as 
neutrophils, eosinophils, basophils, monocytes, lymphocytes, 
and thrombocytes.[6] Inflammatory biomarkers such as 
C-reactive protein (CRP) can also be present. CRP, lactate 
dehydrogenase (LDH), D-dimer, and serum ferritin are 
prominent biomarkers for predicting COVID-19 progression. 
COVID-19-associated coagulopathy and thrombosis are 
commonly observed problems due to elevated levels of 
D-dimer. Aberrations in hemostasis have also been observed 
due to elevated levels of D-dimer. Studies have confirmed 
a higher level of ferritin (hyperferritinemia) in COVID-19, 
which leads to macrophage activation syndrome.[16-20]

This study aimed to compare the rapid antigen tests and RT-
PCR diagnostic performance for COVID-19 in symptomatic 
individuals, including their sensitivity, specificity, and 
positive-  and negative predictive values. It also examines 
the correlation between hematological parameters such as 
complete blood count (CBC) and inflammatory biomarkers 
(CRP, LDH, D-dimer, and serum ferritin) with disease 
severity in SARS-CoV-2 RNA-positive individuals in the 
district of Malakand, KPK, Pakistan.

MATERIAL AND METHODS

A cross-sectional study of 150 symptomatic COVID-19 patients 
was conducted at Tehsil Head-quarter Hospital, Dargai, 
district of Malakand, from August 2021 to March 2022. A total 
of 150 patients were confirmed through rapid antigen testing 
(Abbot) and quantitative RT-PCR (Genuri-ABI 7500) using 
nasopharyngeal swabs. Blood samples (10 mL) were collected 
in three different tubes (gel, ethyl diamine tetra acetic acid 
(EDTA), and sodium citrate) and analyzed using a hematology 
analyzer (Sysmex XP-100) for laboratory parameters such as 
CBC, CRP, LDH, D-dimer, and serum ferritin. CRP and LDH 
levels were measured using ROCHE Cobas, and levels of 
serum ferritin and D-dimer were measured using Biomerieux 
(mini Vidas, France). The patients were categorized into 
mild, moderate, severe, and critical groups based on a cycle 
threshold value (Ct-value) and hematological parameters 

following previous research.[21,22] The data were analyzed using 
SPSS version  22.0, and descriptive statistics, Chi-square test, 
and one-way analysis of variance were performed. P < 0.05 was 
considered statistically significant.

RESULTS

Demography of study population

The study took place at Tehsil Head-Quarter Hospital in 
Dargai, Malakand district. A  total of 150 individuals of both 
genders were studied. The initial screening of symptomatic 
patients was performed using RAT at Talha Clinical Laboratory, 
Dargai District. Of the individuals screened, 130  (86.7%) 
tested positive for SARS-CoV-2, while the rest tested negative. 
The final confirmation of suspected patients was performed 
using RT-PCR. Of the 150 individuals examined, 140 (93.3%) 
were confirmed positive for SARS-CoV-2. Of those positive, 
81 (57.9%) were male and 59 (42.1%) were female (P < 0.278). 
The frequency of COVID-19 in both genders and different 
disease groups is shown in Table 1. The patients were divided 
into three age groups: 21–40, 41–60, and 61–80  years. The 
average age of the patients was 53.87, while the average age 
of severe/critical patients was 54.64 ± 14.96, and that of the 
remaining patients was 52.45 ± 9.23. The highest prevalence of 
COVID-19 was found in the 41–60 age group (49.3%), followed 
by the 61–80  (39.6%) and the 21–40  (17.9%) age groups, as 
shown in Table  1. The bivariate analysis showed a positive 
correlation (r = 0.065) between patient age and gender. An Eta 
coefficient analysis revealed a strong association (0.65) between 
gender and age, with Eta2 (0.42) indicating that 42% of gender 
is affected by age. The most common symptoms were fever 
(94.2%), followed by sore throat (92.8%), body aches (82.1%), 
chest pain (81.4%), headache (69.2%), cough (64.2%), weakness 
(46.4%), smell and taste disturbances (27.8%),  shortness of 
breath (16.4%), headache (16.4%), and nausea (16.4%), as 
shown in Figure 1. The study also examined comorbidities in 
positive patients, as shown in Figure 2.

The patients were classified into four groups: Mild, moderate, 
severe, and critical, based on the Ct-value, hematological 
parameters, and inflammatory biomarkers. The study 
recorded 24.2% mild, 71.5% moderate, 10% severe, and 
7.8% critical cases. A Ct-value of less than 40 was considered 
an indicator of detectable RNA. The mean Ct-value of all 
patients was 29.08 (28.19–29.96), while the mean Ct-value of 
severe and critical cases was significantly lower (P < 0.001) 
compared to mild and moderate patients, indicating a higher 
viral load in severe and critical cases [Figure 3].

Diagnostic performance of RAT and RT-PCR

Out of all symptomatic individuals (n = 150), 130 (86.7%) tested 
positive for SARS-CoV-2 with a mean ± standard deviation 
(SD) of 1.13 ± 0.341. Meanwhile, 20  (13.3%) tested negative 
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using the RAT assay (Abbott). The sensitivity of the RAT assay 
was 86.67% (95% confidence interval [CI]: 80.16–91.66%), 
while its specificity was 100.00% (95% CI: 83.16–100.00%). 
The positive predictive value  (PPV) and negative predictive 
value (NPV) were 86.67% (95% CI: 80.1–91.66%) and 50.00% 
(95% CI: 39.94–60.06%), respectively. On the other hand, 
140  (93.3%) patients were diagnosed positive by RT-PCR 
with a mean ± SD of 1.07  ±  0.25, and 10  (6.7%) tested 
negative. The sensitivity of RT-PCR was found to be 93.33% 
(95% CI, 88.08–96.76%), and its specificity was 100.00% 
(95% CI, 69.15–100.00%). Meanwhile, the PPV and NPV of 
RT-PCR were noted as 93.33% (95% CI, 90.01–95.60%) and 
50.00% (95% CI, 35.46–64.54%), respectively. These findings 
suggest that due to its high sensitivity, RT-PCR detects a 
significantly higher viral load (P < 0.001) compared to the 
RAT assay [Table  2]. The Ct-value < 40 was considered a 
sign of detectable RNA in the patients. The overall mean 
Ct-value was 29.08  (28.19–29.96), and the mean Ct-value 
of the severe/critical disease groups was significantly lower 
(P < 0.001) compared to the mild-moderate patients [Table 3]. 

Table 1: Gender and age group‑wise distribution of COVID‑19 patients within disease levels.

Mild n (%) Moderate n (%) Severe n (%) Critical n (%) Total n (%) P‑Value

Gender
Male 17 (21.0) 48 (59.3) 7 (8.6) 9 (11.1) 81 (57.9) 0.276
Female 17 (28.8) 33 (55.9) 7 (11.9) 2 (3.4) 59 (42.1)

Age groups
21–40 7 (28.0) 14 (17.3) 3 (12.9) 1 (4.0) 25 (17.9) 0.883
41–60 16 (23.2) 38 (55.1) 8 (11.6) 7 (10.1) 69 (49.3)
61–80 11 (23.9) 29 (63.0) 3 (6.5) 3 (6.5) 46 (39.6)

Mean (SD±) 52.88±13.23 54.35±14.80 54.64±14.96 52.45±9.23 53.87±13.97
SD: Standard deviation

Figure  1: Sign and symptoms of COVID-19  patients. SOB: 
Shortness of Breath.

Figure 2: Comorbidities in COVID-19 patients. NO: No symptom, 
HTN: Hypertension, IHD: Ischemic heart disease, DM: Diabetes 
mellitus, COPD: Chronic obstructive pulmonary disease.

Figure  3: Cycle threshold values of the patients in severe/critical 
disease groups are significantly (<0.001) lower compared to mild-
moderate patient.
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This indicates that patients in the severe/critical groups had a 
higher viral load as compared to mild-moderate patients.

Hematological and biomarkers status of COVID-19 
patients

Among all 150 positive individuals, the blood samples 
of 140  patients (positive by RT-PCR) were processed 
for the measurement of hematological parameters and 
inflammatory biomarkers. The following were evaluated: 
White blood cells (WBCs), lymphocyte count (%), 
hemoglobin, neutrophil count (%), platelet count, mean 
corpuscular hemoglobin  (MCH), mean corpuscular 
hemoglobin concentration (MCHC), red blood cells 
(RBCs), mean corpuscular volume (MCV), and hematocrit 
(HCT). The WBCs were elevated in the severe/critical 
disease groups compared to the mild/moderate groups 
[Figure 4 and Table 3]. Similarly, the lymphocyte count was 
significantly (P < 0.001) decreased (7.45%) in critically ill 
patients compared to other groups [Figure  5 and Table  3]. 
According to the correlation analysis, a significant correlation 
was found between the WBC count and the lymphocyte 
count (r = 0.513, P < 0.001). A minor deviation was observed 
in the hemoglobin levels (13.55  g/dL) in the comparative 
disease groups, but no significant association was found 
with disease severity (P > 0.05). The neutrophil count was 
found to be increased in all disease groups, with a slightly 
higher increase in the severe/critical groups compared to 
the mild/moderate groups. A  positive correlation was also 
observed between the WBCs and the neutrophil count 
(r = 0.025, P > 0.05). Furthermore, the platelet count was 
significantly decreased in the severe (105.14 × 109/L) and 
critical (68.18 × 109/L) patients compared to the mild and 

Table 2: Detection of SARS‑CoV‑2 among 150 samples by RAT 
and RT‑PCR.

Variables RAT RT‑PCR

Total samples 150 150
Positive 130 140
Negative 20 10
Sensitivity% (95% CI) 86.67% 

(80.16–91.66%)
93.33% 

(88.08–96.76%)
Specificity% (95% CI) 100.00% 

(83.16–100.00%)
100.00% 

( 69.15–100.00%)
PPV% (95% CI) 86.67% 

(80.1–91.66%)
93.33% 

(90.01–95.60%)
NPV% (95% CI) 50.00% 

(39.94–60.06%)
50.00% 

( 35.46–64.54%)
Accuracy 88.24% 

(82.42–92.66%)
93.75% 

(88.81–96.96%)
P‑value ˂0.001
RAT: Rapid antigen test, RT‑PCR: Reverse transcription polymerase 
chain reaction,CI: Confidence Interval, PPV: Positive predictive value, 
NPV: Negative predictive value.
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moderate groups (P  <  0.001). These results are shown in 
Figure 6 and Table 3.

The bivariate correlation test revealed a significant negative 
correlation (r = – 0.528, P < 0.001) between the WBC count 
and the platelet count (109/L). The mean RBC count was 
slightly elevated in critical patients (5.11 × 1012/L) compared 
to other disease groups. However, no significant association 
was found between disease severity levels and the RBC count 

(P = 0.36), as depicted in Table  2. The MCH was found to 
be consistent across all disease groups (P =  0.69). Similarly, 
the MCHC was slightly decreased in severe and critical 
patients, but there was no significant association with disease 
severity (P = 0.751). The MCV was observed to be within the 
normal range (80–100 fL) across all disease groups and had 

Figure  5: Lymphocytes count (%) in different diseased groups. 
T-test and One-Way Analysis of Variance and descriptive statistics 
were applied to determine significant association, and P < 0.05 
was considered significant at 95% confidence interval. The critical 
diseased patients represented low levels lymphocytes count as 
compared to other groups.

Figure  4: White blood cells (109/L) in different diseased groups. 
T-test and One-Way Analysis of Variance were applied to determine 
significant association, and P < 0.05 was considered significant at 
95% confidence interval.

 Figure  7: Receiver operating characteristic curve for different 
inflammatory biomarkers and white blood cells (WBCs). The curve 
showed comparative diagnostic performance of inflammatory 
biomarkers, WBC disease levels, and predicting disease severity in 
COVID-19 patients. ROC: Receiver operating characteristic curve, 
LDH: Lactate dehydrogenase.

Figure  6: Platelets count (109/L) in different diseased groups. 
T-test and One-Way Analysis of Variance and descriptive statistics 
were applied to determine significant association, and P < 0.05 
was considered significant at 95% confidence interval. The critical 
diseased patients represented decreased levels of platelet count as 
compared to other groups.
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no significant association with disease severity (P  >  0.05). 
Similarly, the hematocrit percentages also showed no 
significant association with disease severity (P > 0.05). The 
present study also evaluated inflammatory biomarkers, such 
as CRP, LDH, D-dimer, and serum ferritin in individuals 
positive for SARS-CoV-2. Our results showed that the mean 
CRP values were significantly increased (P < 0.001) in severe 
(40.45 mg/L) and critical (72.38 mg/L) patients compared to 
moderate (14.35 mg/L) and mild (2.79 mg/L) disease groups 
[Table 3].

According to bivariate analysis, CRP had a strong 
positive correlation (r = 0.676) with WBCs. Similarly, 
LDH was significantly (P < 0.001) elevated in critically 
ill patients (997.45 U/L) compared to mild (525.67 U/L) 
and moderate (623.85 U/L) disease groups [Table  3]. The 
bivariate analysis showed a positive correlation (r = 0.446, 
P < 0.001) between LDH and CRP levels. Our findings 
regarding the inflammatory biomarkers also revealed a 
significant elevation (P < 0.001) in D-dimer assay in critical 
(10805.72  ng/mL) and severe (6286.78  ng/mL) disease 
groups compared to mild and moderate groups [Table  3]. 
The study also found a significant (<0.001) increase in the 
D-dimer assay in critically (10805.72  ng/mL) and severely 
(6286.78 ng/mL) ill patients compared to those in the mild 
and moderate disease groups [Table 3]. Similarly, the serum 
ferritin levels were significantly (<0.001) higher in critically 
(1645.45 ng/mL) and severely (896.92 ng/mL) ill individuals 
compared to those in the other disease groups [Table  3]. 
The bivariate correlation analysis showed that D-dimer 
and serum ferritin are positively correlated (r =  0.313, 
P <  0.001). The receiver operating characteristic curve 
indicated that the inflammatory biomarkers and disease 
levels had comparable diagnostic performance in predicting 
disease severity in COVID-19  patients. The area under the 
curve (AUC) for D-dimer was 0.913 (P < 0.001), followed 
by CRP (AUC  =  0.915, P < 0.001), WBCs (AUC = 0.899, 
P  <  0.001), serum ferritin (AUC = 0.879, P < 0.001), and 
LDH (AUC = 0.569, P < 0.401), as shown in Figure 7.

DISCUSSION

COVID-19 is the most significant health and economic crisis 
of this century, affecting the entire world with its contagious 
nature. Various variants, such as alpha, beta, gamma, delta, 
and omicron, have emerged during this pandemic, causing 
millions of cases and deaths. As of February 11, 2023, 
677.69  million cases and 6.7 million deaths were reported 
globally (https://www.worldometers.info/coronavirus).

The study aimed to compare two COVID-19 diagnostic 
methods, RAT and RT-PCR, and to evaluate hematologic 
(CBC) and inflammatory biomarkers (CRP, LDH, D-dimer, 
and serum ferritin) for disease severity in SARS-CoV-2 RNA-
positive individuals. The study enrolled 150 symptomatic 

individuals and used RAT as the primary screening, with 
results compared to RT-PCR. RAT detected 130 positive 
cases (mean ± SD: 1.13 ± 0.341) and 20 negative cases.

In the study, 140 of 150 patients were positive for SARS-CoV-2 
by RT-PCR with a mean of 1.07 ± 0.25. Males (n=81, 
57.9%) were more affected than females (n=59, 42.1%), 
consistent with studies in Lahore[23] and Hong Kong [24] but 
contradicting a review by Hocková et al.[25]. Demographic 
analysis indicates a higher frequency of COVID-19 in males 
compared to females.[25]

In this study, patients were divided into three age groups, 
and the average age was 53.87  years. The highest number 
of COVID-19  cases was found in the 41-60 age group 
(49.3%), followed by the 61–80 age group (39.6%) and 
the 21–40 age group (17.9%). This aligns with other 
studies that have identified people over 40 as being at 
high risk for COVID-19.[26] Interestingly, no individuals 
under the age of 20 were reported in this study. Previous 
research from various regions has found COVID-19  cases 
in children under 12  months of age.[27] Based on our 
findings, it is clear that individuals over 40  years old are 
at a high risk of contracting COVID-19. The analysis of 
symptoms in SARS-CoV-2-positive patients revealed that 
fever (94.2%),  sore throat (92.8%), body aches (82.1%), 
chest pain  (81.4%), headache (69.2%), dry cough (64.2%), 
weakness (46.4%), disturbances in smell and taste (27.8%), 
shortness of breath (16.4%), head pressure (16.4%), and 
nausea (16.4%), were consistent with the findings of 
other studies.[28,29] However, it should be noted that not all 
COVID-19  patients experience fever, as other studies have 
found.[23,30] The study highlights the importance of paying 
attention to patients who do not present with fever during 
the diagnosis process.

The RAT assay had a sensitivity of 86.67% 
(95% CI: 80.16–91.66%) and a specificity of 100.00% 
(95% CI: 83.16–100.00%) when compared to RT-PCR. These 
results meet the criteria recommended by the WHO, which 
require a sensitivity of at least 80% and a specificity of at 
least 97% for RAT.[31] Torres et al. also found that RAT had 
a sensitivity of 80% and a specificity of 100% in symptomatic 
COVID-19  patients, in line with these criteria.[32] However, 
it should be noted that these criteria are only applicable to 
symptomatic individuals suspected of having COVID-19 
after 5–10  days of symptom onset. Pilarowski et al. and 
Onsongo et al. found similar results, with RAT having a 
sensitivity of 93.3% and 87.7%, respectively, and specificities 
above 95%.[33,34] In our study, a positive RT-PCR result 
was defined as a Ct-value of <40, with a mean Ct-value of 
29.08  (28.19–29.96). The mean Ct-values for patients with 
severe (20.71) and critical (18.00) disease were significantly 
lower than those with mild-moderate disease. This aligns 
with findings from Hay et al. and Mishra et al. that suggest 
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a low Ct-value may indicate high viral load and severity in 
COVID-19.[35,36] It is important to note that the Ct-value is 
inversely proportional to the amount of virus in the sample, 
with a lower value indicating a higher viral load. According 
to Phillips et al., the viral load decreases 10-fold for every 
3.3-fold increase in the Ct-value.[37]

The study evaluated hematologic and inflammatory 
biomarkers in 140 SARS-CoV-2-positive patients. White 
blood cell count was found to be significantly elevated 
(P < 0.001) in critical patients, which is consistent with the 
previous studies.[26,38] This increase suggests an early stage 
of viral infection, where immune cells accumulate at the 
site of infection. Lymphopenia was also observed in critical 
and severe patients, which can be caused by the virus’s direct 
cytotoxic effect or the inflammatory cytokines.

Lymphocytes are important in adaptive immunity by 
neutralizing antigens. There are two main possibilities 
for the decrease in lymphocyte count with increasing 
severity of COVID-19 infection. First, the SARS-CoV-2 
enters the host cell, replicates inside the cell, and then 
spreads. The  virus’s concentration increases in those cells 
that express the angiotensin-converting enzyme 2 (ACE2) 
receptor, which is one of the receptors that the virus 
identifies and binds to the target cell, followed by entry to 
the cell. At this stage, the inflammatory cytokines increase 
while the lymphocytes (both T and B) are decreased.[39] 
Second, the number of lymphocytes is decreased due to the 
direct cytotoxic effect of the virus. Because the lymphocytes 
also express the ACE2 receptor to which the SARS-CoV-2 
is easily attached and enters the cell, which leads to the 
destruction of the lymphocytes, the number of lymphocytes 
decreases, termed as lymphopenia.[39-41] This finding 
supports previous studies that reported lymphopenia and 
leukocytosis as strong diagnostic criteria for the severity 
of COVID-19.[26,38] Furthermore, the study revealed a 
significant association among the count of WBCs and 
lymphocytes.

Thrombocytopenia, characterized by low platelet count, 
was observed in severe and critical COVID-19  patients in 
the present study. This finding is consistent with previous 
meta-analyses that have suggested a link between low 
platelet count and increased severity and mortality in 
COVID-19  patients.[42] Three possible mechanisms may 
explain the observed decrease in platelet count: Direct 
attack on hematopoietic stem cells in the bone marrow 
responsible for platelet production, immune system 
destruction of platelets, and micro-thrombi formation and 
platelet consumption in the lungs. Thus, thrombocytopenia 
can be considered a significant biomarker for determining 
the severity and mortality of COVID-19  patients.[43] In 
addition, a decrease in platelet count may be an indicator for 
recognizing the severity of coagulopathy.

In severe and critical COVID-19  patients, we observed an 
increase in neutrophil count compared to those with mild 
or moderate symptoms. This finding is consistent with the 
previous studies.[26,38,44] However, we did not observe any 
significant changes in other hematological parameters. We 
did find a significant increase (P < 0.001) in CRP levels in 
patients with moderate to severe and critical COVID-19, 
which is in line with the previous studies that linked elevated 
CRP values to COVID-19 progression.[45-48] We also found 
a strong positive correlation (r = 0.676) between CRP and 
WBCs, which agrees the previous findings.[49] Elevated levels 
of leukocytes and CRP can serve as a strong indicator of 
COVID-19 severity and play a role in prognosis. LDH levels 
were also found to be significantly elevated (140–280 U/L) 
in critically ill patients and can be used as an inflammatory 
biomarker in COVID-19 evaluation.[16,50-52] D-dimer 
levels were higher in severe COVID-19  patients, and high 
levels are linked to a higher risk of severity and can cause 
thrombotic complications, coagulopathy, and mortality.[53] 
Serum ferritin levels were also elevated in severe and critical 
COVID-19  patients, which may serve as a prognostic 
indicator for complications related to COVID-19, such as 
ARDS and coagulopathy.[54] These findings support the use of 
these biomarkers in evaluating and monitoring the severity of 
COVID-19.[42,54,55] Moreover, elevated levels of serum ferritin 
were observed in severe and critical COVID-19  patients 
compared to those with mild and moderate symptoms. This 
conforms to the results of a retrospective study by Zhou 
et al.,[56] who reported higher ferritin levels in the critical 
group among 301 individuals. Gao et al.[54] also found 
elevated ferritin levels in diabetic patients compared to non-
diabetics. According to these authors, hyperferritinemia 
occurs due to the stimulation of cytokines associated with 
inflammation. High ferritin levels may be a prognostic 
indicator for complications related to COVID-19, such as 
ARDS and coagulopathy.[57,58]

CONCLUSION

Our study found that both RT-PCR and RAT diagnostic assays 
had comparable detection rates for COVID-19. However, 
RAT had fewer false positives and negatives and showed 
promise in healthcare settings. In addition, we identified 
several hematologic and inflammatory biomarkers, such as 
WBCs, differential leukocyte count, CRP, LDH, D-dimer, and 
serum ferritin, that were significantly associated (P < 0.001) 
with COVID-19 development and disease severity. These 
biomarkers can be used as prognostic indicators and aid in 
treatment planning for COVID-19 patients. Future research 
should explore the immunological mechanisms of these 
biomarkers at the metabolomics level and investigate the 
potential role of miRNAs as COVID-19 biomarkers for 
monitoring disease progression.
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