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Abstract 

Background Many laboratory biomarkers were used for diagnosis of COVID-19 infection; however, their accuracy 
to assess the severity and prognosis are still to be evaluated. This study aims to correlate between the serum ferritin 
and D-dimer levels and the severity of COVID-19 infection and its outcome.

Results Retrospective data retrieval of 150 confirmed COVID-19 infection patients admitted in Ain Shams University 
Specialized Hospital El Obour during period between April and July 2020 were studied. Ninety-six were survivors 
and 54 were non-survivors. The number of co-morbidities, the level of D-dimer and serum ferritin were correlated 
with ICU admission, need for mechanical ventilation and mortality with P value < 0.0001. Serum ferritin and D-dimer 
levels were significantly correlated with degree of HRCT chest severity with P value < 0.0001. The cut-off value 
of D-dimer for mortality was 700 ng/ml (sensitivity 83.33%, specificity 59.38%), and that for serum ferritin was 300 ng/
ml (sensitivity 88.89%, specificity 58.33%), cut-off value of D-dimer for ICU admission was 863 ng/ml and that for 
serum ferritin was 300 ng/ml, cut-off value of D-dimer for mechanical ventilation was 700 ng/ml, and that for serum 
ferritin was 600 ng/ml.

Conclusion D-dimer and serum ferritin are important biomarkers in predicting the mortality, ICU admission 
and need for mechanical ventilation in COVID-19 subjects. Thus helps in early detection of risk of progression 
and improving outcome. The current study also provides probable cut-off values for both biomarkers above which 
mortality, ICU admission, and mechanical ventilation need can be expected.

Trial registration ClinicalTrials.gov ID: NCT0567281. Retrospectively registered. 4th January 2023.

https:// regis ter. clini caltr ials. gov/ prs/ app/ action/ Selec tProt ocol? sid= S000C T6C& selec tacti on= Edit& uid= U0005 6R5& ts= 
2& cx=- tlu9xu.

Introduction
Risk factors for severe illness I COVID 19 remain uncer-
tain (although older age and comorbidity have emerged 
as likely important factors) [1, 2].Higher sequential organ 

failure assessment (SOFA) score and D-dimer > 1 µg/L on 
admission were associated with higher mortality [3].

While most people with COVID-19 develop only mild 
(40%) or moderate (40%) disease, approximately 15% 
develop severe disease that requires oxygen support, 
and 5% have critical disease with complications such as 
respiratory failure, acute respiratory distress syndrome 
(ARDS), sepsis and septic shock, thromboembolism, 
and/or multiorgan failure, including acute kidney injury 
and cardiac injury [3, 4].
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High-resolution CT of the chest is frequently used in 
the diagnosis of COVID-19 pneumonia, in the course of 
the disease. High level of D-dimer and ferritin in patients 
with COVID-19 was associated with HRCT severity 
score. D-dimer level reflects abnormal coagulation func-
tion has been demonstrated to be involved in the dis-
ease progression of COVID-19. Ferritin is a mediator for 
immune dysregulation and is related to disease severity 
[5, 6].

Aim of the study
To correlate between the serum level of ferritin and 
D-dimer and the severity and outcome of COVID-19 
patients.

Subjects and methods
This was a retrospective cohort study conducted by 
retrieving data of 500 subjects diagnosed as COVID-
19 infection “PCR positive for SARS-CoV2” who were 
admitted to Ain Shams University Specialized Hospital El 
Obour designated for COVID-19 patient isolation.in the 
period from 1st of April 2020 to 31st of July 2020; how-
ever, only 150 subjects were fulfilling the inclusion and 
exclusion criteria and having full patients records.

Inclusion criteria

• Hospitalized isolated subjects with COVID-19 infec-
tion confirmed by “polymerase chain reaction (PCR) 
positive for SARS-CoV2” of all disease severity.

Exclusion criteria

• COVID-19 subjects with any previous history or 
laboratory investigations altering the serum ferritin 
level. For example, iron deficiency anemia, defective 
intestinal absorption, internal bleeding, rheumatoid 
arthritis, hyperthyroidism, leukemia, Hodgkin’s lym-
phoma, frequent blood transfusions, and advanced 
liver disease “Child–Pugh score C”.

• COVID-19 subjects with any previous history or 
laboratory investigations altering the serum D-dimer 
level. For example, known pulmonary embolism, 
known deep venous thrombosis “DVT”, pregnancy, 
heart failure, trauma, active malignancy, septicemia, 
disseminated intra-vascular coagulopathy “DIC”.

• The patients with any missing studied data were also 
excluded.

The following data were collected from the studied 
subjects’ files:

• Demographic characteristics (age, sex, smoking 
status, co-morbidities, and degree of severity of 
COVID-19 infection according to WHO Clinical 
management of COVID-19: interim guidance [3].

• Laboratory investigations including complete blood 
picture, iron profile, liver function tests, D-dimer 
(“using Biomerieux-VIDAS, Serial number IVD 
3002806, Manufactured in 2008 1, Marcy l’Étoile, 
France “Reference range: 0–500 ng/ml”) and serum 
ferritin (“using ABBOT-Architect 1000, Serial 
number I1SR62514, Manufactured in 2010, Chi-
cago, IL, USA.” Reference range: 13–150 ng/ml”

• Radiological investigations: high-resolution CT 
chest (using: Toshiba 16-slice CT scanner, model 
number: activion 16, Manufactured in 2010, 
Japan)” severity scoring was done using” 25-point 
CT severity score considering the extent of ana-
tomic involvement, as follows; the 3 lung lobes on 
the right and 2 lobes on the left were individually 
assessed, and percentage involvement of each lobe 
was noted based on visual assessment. Visual sever-
ity scoring of CT chest was classified as Score-1 
(< 5% area involved), Score-2 (5–25% area involved), 
Score-3 (25–50% area involved), Score-4 (50–75% 
area involved), Score-5 (> 75% area involved), mak-
ing the total score 25″, as previously described in 
detail by Sharma et al. 2022 [4].

❖ Study outcomes: survivor or non-survivor, days of 
hospital stay, need for ICU admission and need for 
mechanical ventilation.
❖ All patient management were according to Ain 
Shams University Protocol of COVID-19 in Adults [7].
❖ Ethics approval: study protocol was revised and 
approved by the institution ethical committee of 
scientific research, Faculty of Medicine, Ain Shams 
University (committee’s reference number: FMASU 
MS220/2020). Data were collected anonymously 
from subjects’ records.

Statistical analysis
Data was collected, revised, coded, and entered to the 
Statistical Package for Social Science (IBM SPSS) version 
23 “manufactured in Hong Kong, China”. The quantitative 
data were presented as mean, standard deviations, and 
ranges when parametric and median, inter-quartile range 
(IQR) when data found non-parametric. Also, qualita-
tive variables were presented as number and percentages. 
The comparison between groups regarding qualitative 
data was done by using chi-square test and/or Fisher’s 
exact test when the expected count in any cell found less 
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than 5. The comparison between more than two groups 
regarding quantitative data and parametric distribution 
was done by using one-way ANOVA test while with non-
parametric distribution was done by using Kruskal–Wal-
lis test. The confidence interval was set to 95% and the 
margin of error accepted was set to 5%. So, the p value 
was considered significant as the following: P value > 0.05: 
non-significant (NS), P value < 0.05: significant (S), and P 
value < 0.01: highly significant (HS)).

Receiver operating characteristic curve (ROC) was 
used to assess the best cut-off point with its sensitivity, 
specificity, positive predictive value, negative predic-
tive value, and area under curve (AUC) of the studied 
markers.

Results
Out of 150 patients which constitutes the study pop-
ulation 39, 21, 18, and 72 were diagnosed as mild, 
moderate, severe, and critical COVID-19 infection, 
respectively. The cases were classified according to NIH, 
COVID-19 treatment guidelines, 2021 [8]. There were 
78 male (52%) and 72 female (48%). The mean age of 
study population was 54.50 ± 18.44 (range 10 to 87) with 
P value < 0.0001.

Comparison between the different degrees of severity 
of COVID-19 infection and the demographic character-
istics and patients’ outcomes of the studied subjects are 
shown in Table 1. There was highly significant difference 
between the degree of severity of COVID-19 infection 
and patient age as well as the presence of comorbidities. 
Older patients with more comorbidities including hyper-
tension and diabetes mellitus were more significantly pre-
sent in the critical ill and severe groups when compared 
with those with mild and moderate groups of COVID-19 
disease with P value < 0.0001. There was highly significant 
difference between the degree of severity of COVID-19 
infection and patients’ outcomes as regards mortality, 
need for ICU admission and need for mechanical ven-
tilation. More morality and need for both ICU stay, and 
mechanical ventilation were highly significant encoun-
tered in the critical ill group when compared with other 
groups of COVID-19 disease with P value < 0.0001.

Critical ill and severe groups of COVID-19 disease had 
highly significant serum values of D-dimer and ferritin 
versus mild and moderate groups of COVID-19 disease 
with P value < 0.0001 (Table 2).

There was highly significant difference between median 
D-dimer and serum ferritin levels and all study outcomes 
as shown in Tables 3 and 4 with P value < 0.0001.

There was highly significant difference between differ-
ent HRCT chest severity degrees and median D-dimer 
and serum ferritin levels are seen in Table 5 with higher 

serum levels of D-dimer and ferritin in higher scores of 
HRCT chest with P value < 0.0001.

The present study shows also that 83.33% of the sub-
jects with D-dimer level above 700 ng/ml were non-sur-
vivors, whereas 88.89% of the subjects with serum ferritin 
level above 300 ng/ml were non-survivors, while 87.04% 
of the subjects where D-dimer was above 700 ng/ml and 
serum ferritin was above 300 ng/ml were non-survivors 
as shown in Fig. 1.

Likewise, this study shows that 76% of the subjects with 
D-dimer level over 863  ng/ml required ICU admission 
though 81.33% of the subjects with serum ferritin level 
over 300  ng/ml required ICU admission and 90.67% of 
the cases where D-dimer was over 863 ng/ml and serum 
ferritin was over 300  ng/ml required ICU admission as 
shown in Fig. 2.

The current study shows also that 83.64% of the sub-
jects with D-dimer level over 700  ng/ml required 
mechanical ventilation with sensitivity 83.64% and speci-
ficity 60%, though 74.55% of the subjects with serum 
ferritin level over 600 ng/ml required mechanical ventila-
tion with sensitivity 74.55% and specificity 73.68%, while 
87.27% of the cases where D-dimer was over 700 ng/ml 
and serum ferritin was over 600 ng/ml required mechani-
cal ventilation with sensitivity 87.27% and specificity 
61.05% as shown in Fig. 3.

Discussion
In this retrospective study, it was found that there was 
a highly significant correlation between levels of serum 
ferritin and D-dimer and the severity of COVID-19 
infection as regards mortality, severity of HRCT chest 
affection, need for ICU admission, and for mechanical 
ventilation.

The methodology of the current study was time bound 
of retrospective nature similar to other studies in litera-
ture conducted to test different laboratory variables of 
COVID-19 infection [6, 9].

In the current study, the sex distribution was males 78 
(52.0%) and females 72 (48.0%) having a non-significant 
correlation with the severity of COVID-19 infection, 
which contradicts the results proposed by AbdelGhafaar 
et al., who conducted a multicentred retrospective study 
on 3712 Egyptian hospitalized subjects in 6 quarantine 
hospitals in Egypt in June and July 2020, where male 
gender was found to be significantly correlated with the 
increased risk of death among admitted subjects [10] and 
Rosenfeld et al., who conducted a retrospective study on 
34,503 COVID-19 in Alaska, Washington, Oregon, Mon-
tana, and California in the period between February 28, 
2020 and April 27, 2020, found a positive correlation with 
male gender as well, this could be correlated to having 
other laboratory abnormalities where serum creatinine 
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Table 1 Comparison between the different degrees of severity of COVID-19 infection and the demographic characteristics and 
outcomes

P value > 0.05 non-significant, P value < 0.05 significant, P value < 0.01 highly significant
a Chi-square test
b One-way ANOVA test
c Kruskal-Wallis test, IHD Ischemic heart disease, CKD Chronic kidney disease, CLD Chronic liver disease, AF Atrial fibrillation, ICH Intra-cranial haemorrhage, IQR Inter-
quartile range

All patients Mild Moderate Severe Critical Test value P value
No. = 150 No. = 39 No. = 21 No. = 18 No. = 72

Age (years) Mean ± SD 54.50 ± 18.44 38.13 ± 13.45 49.33 ± 18.08 53.78 ± 16.39 65.06 ± 13.87 29.300 b  < 0.0001

Range 10–87 17–71 10–72 28–82 26–87

Sex Female 72 24 (61.5%) 8 (38.1%) 7 (38.9%) 33 (45.8%) 4.423a 0.219

Male 78 15 (38.5%) 13 (61.9%) 11 (61.1%) 39 (54.2%)

Smoking status Non-smoker 37 (94.9%) 17 (81.0%) 14 (77.8%) 54 (75.0%) 8.307a 0.216

Current smoker 122(81.3%)
16 (10.7%)
12 (8.0%)

2 (5.1%) 3 (14.3%) 2 (11.1%) 9 (12.5%)

Ex-smoker 0 (0.0%) 1 (4.8%) 2 (11.1%) 9 (12.5%)

Comorbidities Yes 54 (36%) 3 (7.7%) 5 (23.8%) 8 (44.4%) 38 (52.8%) 24.272a  < 0.0001

Diabetes 30 (20.0%) 2 (5.1%) 1 (4.8%) 3 (16.7%) 24 (33.3%) 16.564a 0.001

Hypertension 33 (22.0%) 2 (5.1%) 2 (9.5%) 5 (27.8%) 24 (33.3%) 14.114a 0.003

IHD 11 (7.3%) 1 (2.6%) 0 (0.0%) 2 (11.1%) 8 (11.1%) 4.857a 0.183

CKD 14 (9.3%) 1 (2.6%) 2 (9.5%) 2 (11.1%) 9 (12.5%) 3.033a 0.387

CLD 7 (4.7%) 0 (0.0%) 0 (0.0%) 1 (5.6%) 6 (8.3%) 5.145a 0.161

AF 4 (2.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 4 (5.6%) 4.452a 0.217

Heart failure 2 (1.3%) 1 (2.6%) 0 (0.0%) 0 (0.0%) 1 (1.4%) 0.978a 0.807

ICH 2 (1.3%) 0 (0.0%) 0 (0.0%) 1 (5.6%) 1 (1.4%) 3.252a 0.354

Acute kidney injury 2 (1.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (2.8%) 2.196a 0.533

Neurological disorders 10 (6.6%) 0 (0.0%) 1 (4.8%) 1 (5.6%) 9 (12.5%) 6.203a 0.102

Primary outcome (mortality) Survivor 96 (64.0%) 39 (100.0%) 21 (100.0%) 18 (100.0%) 18 (25.0%) 91.406 a  < 0.0001

Non-Survivor 54 (36.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 54 (75.0%)

Days of hospital stay Range 1–32 8 (4–13) 8 (7–12) 10 (8–16) 8.5 (6–13.5) 4.508 c 0.212

2–30 4–20 3–26 1–32

Need for ICU
admission

Yes 75 (50.0%) 1 (2.6%) 0 (0.0%) 5 (27.8%) 69 (95.8%) 120.158 a  < 0.0001

Need for mechanical ventila-
tion

Yes 55 (36.7%) 0 (0.0%) 0 (0.0%) 1 (5.6%) 54 (75.0%) 87.799 a  < 0.0001

Table 2 Comparison between the different degrees of severity of COVID-19 infection and serum values of D-dimer and ferritin

P value > 0.05 non-significant, P value < 0.05 significant, P value < 0.01 highly significant
a Kruskal-Wallis test
b IQR Interquartile range

Mild Moderate Severe Critical Test value a P value
No. = 39 No. = 21 No. = 18 No. = 72

D-dimer (ng/ml) Median
(IQR) b

275 (150–460) 728 (205–1116) 916 (142–1540) 1883 (924.5–4619.5) 46.707 a  < 0.0001

Range 14–10,000 50–3394 45–10,000 242–10,000

Serum Ferritin (ng/ml) Median
(IQR) b

75 (49–200) 346 (183–1176) 417 (132–900) 742 (427.5–1200) 58.551a  < 0.0001

Range 8–830 13–2000 67–1200 64–120,000
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and white cell count were found to be more elevated in 
males than in females [11].

In the current study, there was a highly significant 
correlation between COVID-19 disease severity and 
age which is consistent with the findings stated by 

Zayed et  al., who conducted a cross-sectional obser-
vational study on 202 COVID-19 subjects in Zaga-
zig University isolation hospitals from the period of 
March 2020 to June 2021. It was found that the age was 
a predictor of higher risk of mortality, need for ICU 

Table 3 Association between D-dimer serum level and study outcomes

P value > 0.05 non-significant, P value < 0.05 significant, P value < 0.01 highly significant
a Mann-Whitney test
b IQR Interquartile range

D-dimer level (ng/ml) Test value a P value

Median (IQR) b Range

Mortality Survivor 501.5 (198.5–1500) 14–10,000  − 5.085a  < 0.0001

Non-survivor 1883 (993–4580) 242–10,000

Need for ICU admission No 340 (163–863) 14–10,000  − 7.174a  < 0.0001

Yes 1936 (993–4659) 242–10,000

Need for mechanical ventilation No 500 (198–1500) 14–10,000  − 5.375a  < 0.0001

Yes 1901 (993–4659) 242–10,000

Table 4 Association between serum ferritin and study outcomes

P value > 0.05 non-significant, P value < 0.05 significant, P value < 0.01 highly significant
a Mann-Whitney test
b IQR Interquartile range

Serum ferritin (ng/ml) Test  valuea P value

Median (IQR) b Range

Mortality Survivor 202.5 (71–815) 8–6625  − 5.371a  < 0.0001

Non-Survivor 742 (489–1200) 94–120,000

Need for ICU admission No 183 (64–534) 8–2000  − 5.913a  < 0.0001

Yes 743 (369–1200) 64–120,000

Need for mechanical ventilation No 202 (70–741) 8–6625  − 5.725a  < 0.0001

Yes 876 (542–1200) 94–120,000

Table 5 Comparison between different HRCT chest severity degrees and serum levels of ferritin and D-dimer

P value > 0.05 non-significant, P value < 0.05 significant, P value < 0.01 highly significant
a Kruskal-Wallis test
b IQR = inter-quartile range
c HRCT chest = high-resolution computed tomography of the chest

HRCT chest c severity “25-pointscoring system” Test  valuea P value

No Mild Moderate Severe

No. = 33 No. = 36 No. = 34 No. = 47

D-dimer (ng/ml) Median (IQR) b 275(150–503) 769.5(195–1752) 1123(602–2416) 2144(713–4659) 35.423  < 0.0001

Range 14–10,000 45–10,000 120–10,000 100–10,000

Serum ferritin (ng/ml) Median (IQR) b 103(54–202) 323(74.5–1133.5) 741(460–1200) 703(314–1200) 36.843  < 0.0001

Range 8–1200 12–12,000 72–6625 64–120,000
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admission and mechanical ventilation in COVID-19 
subjects [12].

In the current study, marital status was shown to 
have a highly significant correlation with the severity of 
COVID-19 infection which may be due to the burden of 
domestic responsibilities and delay of seeking medical 
advice. However the literature correlated it in terms of its 
psychological impact on the COVID-19 subjects as stated 
by AboKresha et al.[13] and its effect on quality of life as 

stated by Purba et al. [14] not in terms of its correlation 
to the severity of COVID-19 infection which makes this 
point needs more research.

As regards smoking, there is a controversy whether it 
is protective or not against COVID-19 infection where 
smoking is known to increase the risk of infection of 
both bacterial and viral diseases, such as the common 
cold, influenza, and tuberculosis, as well as the well-
known harmful effect of smoking on the local defence 

Fig. 1 ROC curve of D-dimer, serum ferritin and combination as a predictor of non-survival

Fig. 2 ROC curve of D-dimer, serum ferritin and combination as a predictor of ICU need
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mechanism of the respiratory system. However some 
observational studies found that it was not associated 
with SARS CoV-2 infection which contradicts earlier 
studies [15] as well which found that smokers are more 
vulnerable to respiratory infections in particular [16].

In the current study, there was a non-significant 
correlation between severity of COVID-19 infection 
and smoking status which contradicts with previous 
systematic review and meta-analysis of 47 studies by 
Reddy et  al. They reported that subjects with a smok-
ing history had a significantly increased risk of severe 
COVID-19 as regards mortality and disease progres-
sion [17]. This controversy may be due to having varia-
ble sample sizes as well as the great need for knowledge 
analysis regarding COVID-19.

In the current study, there was a highly significant 
correlation between severity of COVID-19 infection 
and the presence of co-morbidities especially diabe-
tes and hypertension. Similar findings were reported 
by Ji et  al. whom conducted a Korean nationwide ret-
rospective case–control study of 219,961 COVID-19 
subjects, where co-morbidities especially diabetes and 
hypertension highly significantly affected the severity 
of COVID-19 infection [18].

There was a highly significant correlation between 
severity of COVID-19 infection and disease mortality. 
This was in agreement with several Egyptian and inter-
national studies as well [19–21].

In this study, a positive correlation was found 
between severity of COVID-19 infection, days of 

hospital stay [22], the need for ICU admission, and 
mechanical ventilation which seems a logic finding.

The current study shows that the number of comor-
bidities has a positive correlation with the severity of 
COVID-19 infection which is consistent with what was 
reported by Djaharuddin et  al., whom conducted a ret-
rospective descriptive study on 454 COVID-19 cases and 
found that hypertension, cardiovascular disease, and dia-
betes were the most common cause of death in COVID-
19 subjects and that more than half of the subjects had 
two or more comorbidities [23, 24]. However, it had no 
correlation with days of hospital stay, which may be due 
to having different criteria for admission and discharge. 
The literature supporting or contradicting this point are 
deficient.

D-dimer is one of the fragments produced when plas-
min cleaves fibrin to break down clots. The assays are 
routinely used as part of a diagnostic algorithm to exclude 
the diagnosis of thrombosis. In any case, any pathologic 
or non-pathologic process that increases fibrin produc-
tion or breakdown also increases plasma D-dimer levels. 
COVID-19 inflammatory process subsequently activates 
the coagulation process which probably causes elevated 
D-dimer levels [25].

Despite the presence of many papers reporting the 
association between D-dimer and the severity of COVID-
19 yet it was not fully studied and seems unclear.

In the current study, there was a positive correlation 
between severity of COVID-19 infection and the level 
of D-dimer where significantly higher levels were found 

Fig. 3 ROC curve of D-dimer, serum ferritin and combination as a predictor of mechanical ventilation need
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in those with critical illness which supports the applica-
tion of D-dimer in COVID-19 as a prognostic marker for 
mortality and disease progression not just as a diagnos-
tic tool for thromboembolism. This was similar to what 
was reported by Yao et  al., who conducted a retrospec-
tive analysis of the clinical, laboratory, and radiological 
characteristics of 248 consecutive cases of COVID-19 
in Wuhan, China, where they found that D-dimer level 
correlates with disease severity and was a reliable prog-
nostic marker for in-hospital mortality in subjects admit-
ted for COVID-19 [25]. Varikasuvu et  al.reported the 
presence of a strong relationship between subjects with 
higher D-dimer and the risk of overall disease progres-
sion through a systematic review and meta-analysis of 
100 studies [26]. Also, Yameny reported that markedly 
elevated D-dimer levels were observed in COVID-19 
non-survivors [27].

Ferritin is a key mediator of immune dysregulation, 
especially under extreme hyper-ferritinemia, via direct 
immune-suppressive and pro-inflammatory effects, 
contributing to the cytokine storm. Fatal outcomes by 
COVID-19 are accompanied by cytokine storm syn-
drome, thereby it has been suggested that disease severity 
is dependent of the cytokine storm syndrome which sup-
ports the hypothesis that ferritin levels might be a crucial 
factor influencing the severity of COVID-19 [28].

In the current study, there was a positive correlation 
between levels of serum ferritin and severity of COVID-
19 infection. Similar experiences were also recorded by 
international studies including Zhou B et  al. through 
a single centre observational analysis of 20 in-hospital 
severe subjects with COVID-19, the results showed that 
the analysed inflammatory markers including ferritin 
were markedly increased in very severe compared with 
severe COVID-19 [29]. Vargas-Vargus et  al. studied 20 
subjects with severe and very severe COVID-19 exhib-
ited increased serum ferritin level, where serum ferritin 
in the very severe COVID-19 group was significantly 
higher than in the severe COVID-19 group which sup-
ports its correlation with disease severity [28].

In agreement with this, Zhou F et al. conducted a ret-
rospective, multicentre cohort study including 20 adult 
in subjects which revealed that subjects who died by 
COVID-19 had high ferritin levels upon hospital admis-
sion and throughout the hospital stay [30].

In the current study, there was no correlation between 
either D-dimer and serum ferritin and days of hospital 
stay. In contrast, Thiruvengadam et al. found contradic-
tory results to current study. In whom they conducted 
a retrospective study on 730 COVID-19 subjects, they 
found that elevated D-dimer and ferritin values were 
among the factors associated with the longer length of 
hospital stay [31]. This may be due to the difference in the 

size and the demographic characteristics of the studied 
population than present study and the difference of the 
local guidelines of hospital admission.

In the current study, D-dimer had a highly positive 
correlation with the mortality (primary outcome). This 
was in agreement with Poudel et al. whom conducted a 
retrospective study on 182 COVID-19 subjects studying 
different clinical and laboratory parameters, including 
D-dimer [32], Soni et al., whom retrospectively analysed 
data of 483 COVID-19 subjects [33], Khamiss et  al., 
whom conducted retrospective study of 333 COVID-19 
subjects as regards clinical and laboratory data including 
D-dimer [34], and AbdelGhaffar et al., whom conducted 
a retrospective analysis of 3712 COVID-19 subjects’ data, 
they all proved that among the coagulation parameters, 
D-dimer value on admission and during hospital stay is 
an accurate biomarker for predicting mortality in sub-
jects with COVID-19 [10].

In the current study, D-dimer was found to have a posi-
tive correlation with the need for ICU admission which 
is consistent with Bansal et al., who conducted a system-
atic review and meta-analysis of the published literature 
evaluating D-dimer levels in SARS-COV-2 infected sub-
jects and their outcomes in which they found that SARS-
CoV-2 infected subjects with elevated D-dimers had 
worse clinical outcomes defined as mortality, ICU admis-
sion, or ARDS [35].

In the current study, there was a positive correlation 
between D-dimer and need for mechanical ventilation 
which is similar to what was reported by Li et al., whom 
conducted a retrospective study on 1643 COVID-19 
subjects, where a higher percentage of those whom 
required oxygen support including low-flow nasal can-
nula, non-invasive ventilation or high-flow nasal can-
nula, invasive mechanical ventilation, and ECMO 
(extracorporeal membrane oxygenation) had increased 
D-dimer levels [36].

In the current study, serum ferritin had a positive cor-
relation with the mortality, which was the same as proved 
by Alroomi et al., whom conducted a retrospective study 
on 595 COVID-19 subjects, where higher levels of serum 
ferritin were found to be an independent predictor of 
mortality [37].

A positive correlation was found as well in the cur-
rent study between serum ferritin level and the need for 
ICU admission and mechanical ventilation. This is sup-
ported by the results obtained by Kaushal et  al., whom 
conducted a systematic review and meta-analysis of 
163 studies to evaluate the association between serum 
ferritin and severity and outcome of COVID-19. They 
reported that subjects requiring ICU had a higher serum 
Ferritin level than subjects whom did not require the 
same and that there was an association of higher level 
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of serum Ferritin and requirement of mechanical ven-
tilation [38]. In addition to this, Elsharawy et al., whom 
conducted a retrospective study on 170 COVID-19 cases 
admitted at Tanta University and Kafr El-sheikh Univer-
sity isolation hospitals, they reported that serum ferritin 
was associated with disease severity and prediction of 
ICU admission [39].

In the current study, there was a positive correlation 
between levels of serum ferritin and D-dimer and the 
degree of severity of HRCT chest. Yilmaz et  al., whom 
conducted a single-centred, retrospective, descriptive 
and observational study including 130 COVID-19 sub-
jects, reported that serum ferritin and D-dimer levels 
were observed to be high in the CT-positive group and 
have positive correlation with CT severity [40].

In the current study, the estimated cut-off value of 
D-dimer for mortality was above 700 ng/ml with sensitiv-
ity 83.33%, while Poudel et al., found that 1.5 μg/ml is the 
optimal cut-off value of admission D-dimer for predict-
ing mortality in COVID-19 subjects [32]. Another study 
by Li et al. whom conducted a meta-analysis on COVID-
19 subjects, reported D-dimer value of 1 μg/ml as a cut-
off value for mortality [41].

In the current study, the estimated cut-off value of 
serum ferritin level for mortality was above 300  ng/ml 
with sensitivity of 88.89%, while Alroomi et  al., found 
that the higher mortality rate was among subjects having 
serum ferritin levels > 1000 [37], on the other hand, Zhou 
B et al. reported a cut-off value of more than 300 ng/ml 
for mortality [29] and Ahmed et al. who conducted a ret-
rospective study on 157 COVID-19 subjects, found that 
the optimal cut-off value for prediction of mortality was 
574.5 ng/ml [42], this discrepancy may be due to the dif-
ference in the study population as regards their size and 
site.

In this study, the estimated cut-off value of D-dimer 
level above which the subjects needed ICU admission 
was 863 ng/ml with sensitivity about 76%, while Hashem 
et  al. stated that D-dimer level above 900 ng/L the best 
value to predict ICU admission for COVID-19 subjects 
with sensitivity = 72.4% [43].

In the current study, 81.33% of the subjects with serum 
ferritin level above 300  ng/ml needed ICU admission, 
this is similar to what was reported by Elsharawy et  al. 
where the cut-off value of serum ferritin was above 
300 ng/ml [39].

In the current study, the estimated cut-off value for 
mechanical ventilation need was above 700  ng/ml for 
D-dimer with sensitivity of about 83.64%, meanwhile 
it was above 600 ng/ml for serum ferritin with sensitiv-
ity of 74.55%. However different values were stated by 
Qeadan et  al., whom conducted a retrospective cohort 
study of 52,411 COVID-19 subjects, where the optimal 

cut-off values for mechanical ventilation were 502 ng/mL 
as regards serum Ferritin and 2.0  mg/L “200  ng/ml” as 
regards D-dimer [44]. This difference may be due to hav-
ing different population size which makes this point need 
further research.

The study has certain limitations. Being of retrospec-
tive nature, thus it carries inherited drawbacks of this 
type including data collection, data entry and data qual-
ity assurance, were not planned ahead of time as well 
as exclusion of appreciable number of cases because of 
incomplete data. The sample size was affected by nature 
of study being retrospective and time-bound. These limi-
tations may have influenced study results.

Conclusion
This study spots the importance of the use of inflamma-
tory markers such as D-dimer and serum ferritin in pre-
dicting the outcome of COVID-19 subjects, as they have 
a strong relation with disease mortality, ICU admission, 
and need for mechanical ventilation, which helps in early 
detection of case risk of progression and consequently 
improving outcome. In addition, the current study also 
provides probable cut-off values for both serum ferri-
tin and D-dimer above which mortality, ICU admission 
and mechanical ventilation need can be expected which 
needs further evaluation.

Abbreviations
COVID-19  Coronavirus disease of 2019
M.B.B.Ch.  Bachelor of Medicine, Bachelor of Surgery
M.D.  Medicinae Doctor (Doctor of Medicine)
ICU  Intensive care unit
HRCT   High-resolution computerized tomography
Ng/ml  Nanogram per millilitre
CDC  Centre of disease control and prevention
WHO  World Health Organization
ARDS  Acute respiratory distress syndrome
PCR  Polymerase chain reaction
SARS-CoV2  Severe acute respiratory syndrome coronavirus 2
VIDAS  VITEK ImmunoDiagnostic Assay System
IVD  In-vitro diagnostic device
CT  Computerized tomography
DVT  Deep venous thrombosis
DIC  Disseminated intra-vascular coagulopathy
IBM SPSS  International Business Machines Corporations-Statistical Package 

for Social Science
IQR  Inter-quartile range
ANOVA  Analysis of variance
P value  Probability value
NS  Non-significant
S  Significant
HS  Highly significant
ECMO  Extracorporeal membrane oxygenation
μg/ml  Microgram per milliliter
ng/L  Nanogram per liter
IHD  Ischemic heart disease
AF  Atrial fibrillation
AUC   Area under curve
PPV  Positive predictive value
NPV  Negative predictive value



Page 10 of 11AbdelFattah et al. The Egyptian Journal of Bronchology           (2023) 17:45 

Acknowledgements
Not applicable.

Authors’ contributions
All authors have read and approved the final manuscript.

Funding
No funding was used in the current research.

Availability of data and materials
Tables included.

Declarations

Ethics approval and consent to participate
Study protocol was revised and approved by the institution ethical committee 
of scientific research, Faculty of Medicine, Ain Shams University (committee’s 
reference number: FMASU MS220/2020). Data were collected anonymously 
from subjects’ records.
Trial registration: ClinicalTrials.gov ID: NCT0567281. Retrospectively registered. 
 4th Jan 2023.
https:// regis ter. clini caltr ials. gov/ prs/ app/ action/ Selec tProt ocol? sid= S000C 
T6C& selec tacti on= Edit& uid= U0005 6R5& ts= 2& cx=- tlu9xu.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 13 February 2023   Accepted: 7 August 2023

References
 1. CDC. 2019 Novel Coronavirus, Wuhan, China. CDC. Available at https:// 

www. cdc. gov/ coron avirus/ 2019- ncov/ about/ index. html. January 26, 
2020; Accessed: 1 Dec 2021

 2. Cucinotta D, Vanelli M (2020) WHO declares COVID-19 a pandemic. Acta 
Biomed 91(1):157–160

 3. WHO. Clinical management of COVID-19: interim guidance. https:// apps. 
who. int/ iris/ bitst ream/ handle/ 10665/ 332196/ WHO- 2019- nCoV- clini cal- 
2020.5- eng. pdf. September 14,2022 accessed December 2022

 4. Sharma S, Aggarwal A, Sharma R, Patras E, Singhal A (2022) Correlation of 
chest CT severity score with clinical parameters in COVID-19 pulmonary 
disease in a tertiary care hospital in Delhi during the pandemic period. 
Egypt J Radiol Nucl Med 53:166

 5. Saeed G, Gaba W, Shah A, Al Helali A, Raidullah E, Al Ali A, Elghazali M, 
Ahmed D, Al Kaabi S, Almazrouei S (2021) Correlation between chest CT 
severity scores and the clinical parameters of adult subjects with COVID-
19 pneumonia. Radiol Res Pract. 2021:6697677

 6. Leulseged T, Hassen I, Ayele B, Tsegay Y., Abebe D., Edo M., et al Labora-
tory biomarkers of COVID-19 disease severity and outcome: findings 
from a developing country. PLoS ONE 16(3): e0246087. Accessed: April 
11, 2022. Available at: https:// doi. org/ 10. 1371/ journ al. pone. 02460 87# 
abstr act0

 7. Badawy Abdelfattah E, El-Zahapy H, El Said A, et al. Hospital response to 
COVID-19: A consensus report on Ain Shams University Hospital Strat-
egy. ScienceOpen Preprints 2020; June 12. Accessed August 2023 https:// 
www. scien ceopen. com/ hosted- docum ent? doi= 10. 14293/ S2199- 1006.1. 
SOR-. PPD4Q ZX. v1

 8. NIH. Clinical Spectrum of SARS-CoV-2 Infection.COVID-19 treatment 
guidelines. Accessed: September 17,2021. Available at: https:// www. 
covid 19tre atmen tguid elines. nih. gov/ overv iew/ clini cal- spect rum/

 9. Chen Z, Zhang F, Hu W, Chen Q, Li C, Wu L, Zhang Z, Li B, Ye Q, Mei J, Yue 
J (2021) Laboratory markers associated with COVID-19 progression in 
subjects with or without comorbidity: a retrospective study. J Clin Lab 
Anal 35(1):e23644

 10. AbdelGhafaar M., Dalia O., Elgebaly A., Bahbah E., Afifi S., AlSoda M., El-
Shiekh M., ElSayed E., Shaaban S., AbdelHafez S., ElKelany K., Eltayar A.,Ali 
O., Kamal L., Heiba A., AlAskary A. and Shousha H. Prediction of mortality 
in hospitalized Egyptian subjects with Coronavirus disease-2019: A mul-
ticenter retrospective study. PLoS ONE 17(1): e0262348. Accessed: April 
3,2022. Available at: https:// doi. org/ 10. 1371/ journ al. pone. 02623 48

 11. Rozenfeld Y, Beam J, Maier H, Haggerson W, Boudreau K, Carlson J, 
Medows R (2020) A model of disparities: risk factors associated with 
COVID-19 infection. Int J Equity Health 19(1):126. https:// doi. org/ 10. 1186/ 
s12939- 020- 01242-z.

 12. Zayed N, Abbas A, Lutfy S (2022) Criteria and potential predictors of 
severity in subjects with COVID-19. Egypt J Bronchol 16:11

 13. AboKresha S, Abdelkreem E, Ali R. Impact of COVID-19 pandemic 
and related isolation measures on violence against children in Egypt. 
J Egypt Pub Health Assoc. 2021;96:11.  https:// doi. org/ 10. 1186/ 
s42506- 021- 00071-4.

 14. Purba F, Kumalasari A, Novianti L, Kendhawati L, Noer A, Ninin R. 
Marriage and quality of life during COVID-19 pandemic. PLoS ONE. 
16(9):e0256643. Available at: https:// doi. org/ 10. 1371/ journ al. pone. 02566 
43# sec007. Accessed 3 Apr 2022.

 15. Berlin I, Thomas D (2020) Does smoking protect against being hospital-
ized for COVID-19? Int J Environ Res Public Health 17:9559

 16. Van-Westen-Lagerweij N., Meijer E., Meeuwzen E., Chavannes N., Williem-
sen M. and Croes E. Are smokers protected against SARS-CoV-2 infection 
(COVID-19)? The origins of the myth. npj Primary Care Respiratory Medi-
cine (2021) 31:10

 17. Reddy R, Charles W, Sklavounos A, Dutt A, Seed P, Khajuria A (2021) The 
effect of smoking on COVID-19 severity: A systematic review and meta-
analysis. J Med Virol 93(2):1045–1056

 18. Ji W, Huh K, Kang M, Hong J, Bae G, Lee R, Na Y, Choi H, Gong S, Choi Y, Ko 
K, Im J, Jung J (2020) Effect of Underlying Comorbidities on the Infection 
and Severity of COVID-19 in Korea: a Nationwide Case-Control Study. J 
Korean Med Sci 35(25):e237

 19. FDA. Categorization of COVID-19 Severity to Determine Mortality Risk. 
2021 FDA Science Forum. Accessed: April 3, 2022. Available At: https:// 
www. FDA. gov/ Scien ce- Resea rch/ FDA- Scien ce- Forum/ Categ oriza tion- 
COVID- 19- Sever ity- Deter mine- Morta lity- Risk

 20. Li X, Xu S, Yu M, Wang K, Tao Y, Zhou Y, Shi J, Zhou M, Wu B, Yang Z, Zhang 
C, Yue J, Zhang Z, Renz H, Liu X, Xie J, Xie M, Zhao J (2020) Risk factors for 
severity and mortality in adult COVID-19 in subjects in Wuhan. J Allergy 
Clin Immunol 146(1):110–118

 21. Gaber S, Elkhateeb A, Magdy A, Botros J, Bassyouni R (2022) Parameters 
linked with Mortality in Egyptian COVID-19 Hospitalized subjects. Egyp-
tian Journal of Medical Microbiology 31(1):89–95

 22. Liu X, Zhou H, Zhou Y, Wu X, Zhao Y, Lu Y, Tan W, Yuan M, Ding X, Zou J, Li 
R, Liu H, Ewing R, Hu Y, Nie H, Wang Y (2020) Risk factors associated with 
disease severity and length of hospital stay in COVID-19 subjects. J Infect 
81(1):E95–E97

 23. Djaharuddin I., Munawwarah S., Nurulita A., Ilyas M., Tabri N. and Lihawa 
N. Comorbidities and mortality in COVID-19 subjects.Gaceta Sanitaria. 
Science direct. 2021;2(35):S530-S532

 24. Lillicrap D (2020) Disseminated intravascular coagulation in subjects with 
2019-nCoV pneumonia. J Thromb Haemost 18(4):786–787

 25. Yao Y, Cao J, Wang Q, Shi Q, Liu K, Luo Z, Chen X, Chen S, Yu K, Huang Z, 
Hu B (2020) D-dimer as a biomarker for disease severity and mortality in 
COVID-19 subjects: a case control study. J Intens Care. 8:49

 26. Varikasuvu S, Varshney S, Dutt N, Munikumar M, Asfahan S, Kulkari P, 
Gupta P (2021) D-dimer, disease severity, and deaths (3D-study) in 
subjects with COVID-19: a systematic review and meta-analysis of 100 
studies. Sci Rep 11:21888

 27. Yameny A (2021) D-dimer levels in COVID-19 out-hospitalized subjects in 
Egypt. Journal of Medical and Life Science 3(1):19–24

 28. Vargas-Vargas M, Cortés-Rojo C (2020) Ferritin levels and COVID-19. Rev 
Panam Salud Publica 44:e72

 29. Zhou B., She J., Wang Y. and Ma X. Utility of ferritin, procalcitonin and 
C-reactive protein in severe subjects with 2019 novel Coronavirus disease. 
DOI: https:// doi. org/ 10. 21203/ rs.3. rs- 18079/ v1. Accessed in: March 25,2022. 
Available at: https:// www. resea rchsq uare. com/ artic le/ rs- 18079/ v1

 30. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y, Song B, Gu X, 
Guan L, Wei Y, Li H, Wu X, Xu J, Tu S, Zhang Y, Chen H, Cao B (2020) 
Clinical course and risk factors for mortality of adult in subjects with 

https://register.clinicaltrials.gov/prs/app/action/SelectProtocol?sid=S000CT6C&selectaction=Edit&uid=U00056R5&ts=2&cx=-tlu9xu
https://register.clinicaltrials.gov/prs/app/action/SelectProtocol?sid=S000CT6C&selectaction=Edit&uid=U00056R5&ts=2&cx=-tlu9xu
https://www.cdc.gov/coronavirus/2019-ncov/about/index.html
https://www.cdc.gov/coronavirus/2019-ncov/about/index.html
https://apps.who.int/iris/bitstream/handle/10665/332196/WHO-2019-nCoV-clinical-2020.5-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/332196/WHO-2019-nCoV-clinical-2020.5-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/332196/WHO-2019-nCoV-clinical-2020.5-eng.pdf
https://doi.org/10.1371/journal.pone.0246087#abstract0
https://doi.org/10.1371/journal.pone.0246087#abstract0
https://www.scienceopen.com/hosted-document?doi=10.14293/S2199-1006.1.SOR-.PPD4QZX.v1
https://www.scienceopen.com/hosted-document?doi=10.14293/S2199-1006.1.SOR-.PPD4QZX.v1
https://www.scienceopen.com/hosted-document?doi=10.14293/S2199-1006.1.SOR-.PPD4QZX.v1
https://www.covid19treatmentguidelines.nih.gov/overview/clinical-spectrum/
https://www.covid19treatmentguidelines.nih.gov/overview/clinical-spectrum/
https://doi.org/10.1371/journal.pone.0262348
https://doi.org/10.1186/s12939-020-01242-z
https://doi.org/10.1186/s12939-020-01242-z
https://doi.org/10.1186/s42506-021-00071-4
https://doi.org/10.1186/s42506-021-00071-4
https://doi.org/10.1371/journal.pone.0256643#sec007
https://doi.org/10.1371/journal.pone.0256643#sec007
https://www.FDA.gov/Science-Research/FDA-Science-Forum/Categorization-COVID-19-Severity-Determine-Mortality-Risk
https://www.FDA.gov/Science-Research/FDA-Science-Forum/Categorization-COVID-19-Severity-Determine-Mortality-Risk
https://www.FDA.gov/Science-Research/FDA-Science-Forum/Categorization-COVID-19-Severity-Determine-Mortality-Risk
https://doi.org/10.21203/rs.3.rs-18079/v1
https://www.researchsquare.com/article/rs-18079/v1


Page 11 of 11AbdelFattah et al. The Egyptian Journal of Bronchology           (2023) 17:45  

COVID-19 in Wuhan, China: a retrospective cohort study. Lancet 
395(10229):1054–1062

 31. Thiruvengadam G, Lakshmi M, Ramanujam R (2021) A study of factors 
affecting the length of hospital stay of COVID-19 subjects by Cox-Propor-
tional Hazard Model in a South Indian Tertiary Care Hospital. J Prim Care 
Community Health 12:1–7

 32. Poudel A., Poudel Y., Adhikari A., Aryal B., Dangol D., Bajracharya T., 
Maharjan A. and Gautam R. D-dimer as a biomarker for assessment of 
COVID-19 prognosis: D-dimer levels on admission and its role in predict-
ing disease outcome in hospitalized subjects with COVID-19. PLoS ONE 
16(8): e0256744.Accessed in March 26, 2022. Available at: https:// doi. org/ 
10. 1371/ journ al. pone. 02567 44

 33. Soni M, Gopalakrishnan R, Vaishya R, Prabu P (2020) D-dimer level is a 
useful predictor for mortality in subjects with COVID-19: Analysis of 483 
cases. Diabetes Metab Syndr 14(6):2245–2249

 34. Khamiss A, El-Dahshan M, El-Ghamery F, Aggag M, Hashim A, Eliwa A 
(2021) Outcomes of COVID-19 in Egyptian subjects. Al-Azhar medical 
journal 50(1):765–782

 35. Bansal A, Singh A, Jain V, Aggarwal M, Gupta S, Padappayil R, Nadeem M, 
Joshi S, Mian A, Greathouse T, Wells D, Gupta M, Khan M (2021) The asso-
ciation of D-dimers with mortality, intensive care unit admission or acute 
respiratory distress syndrome in subjects hospitalized with coronavirus 
disease 2019 (COVID-19): A systematic review and meta-analysis. Heart 
Lung 50(1):9–12

 36. Li J, Liu Z, Wu G, Yi M, Chen Y, Li K, Xu X, Xiao L, Wu Q, Chen J, Wu X (2020) 
D-dimer as a prognostic indicator in critically ill subjects hospitalized 
with COVID-19 in Leishenshan Hospital, Wuhan. China Front Pharmacol 
11:600592

 37. Alroomi M, Rajan R, Omar A, Alsaber A, Pan J, Fatemi M, Zhanna K, 
Aboelhassan W, Almutairi F, Alotaibi N, Saleh M, AlNasrallah N, Al-Bader 
B, Malhas H, Ramadhan M, Abdullah M, Abdelnaby H (2021) Ferritin level: 
A predictor of severity and mortality in hospitalized COVID-19 subjects. 
Immunity, inflammation and disease 9(4):1648–1655

 38. Kaushal K, Kaur H, Sarma P, Bhattacharyya A, Sharma D, Prajapat M, 
Pathak M, Kothari A, Kumar S, Rana S, Kaur M, Prakash A, Mirza A, Panda P, 
Vivekanandan S, Omar B, Medhi B, Naithani M (2022) Serum ferritin as a 
predictive biomarker in COVID-19. A systematic review, meta-analysis and 
meta-regression analysis. J Crit Care. 67:172–181

 39. Elsharawy S, Amer I, Salama M, El-Lawaty W, Abd EM, Ghazi A, Hawash 
N (2021) Clinical and laboratory predictors for ICU admission among 
COVID-19 infected Egyptian subjects, a multi-center study. Afro-Egyptian 
Journal of Infectious and Endemic Diseases 11(3):284–294

 40. Yilmaz A, Sabirli R, Seyit M, Ozen M, Oskay A, Cakmak V, Goren T, Turkcuer 
I (2021) Association between laboratory parameters and CT severity in 
subjects infected with Covid-19: A retrospective, observational study. Am 
J Emerg Med 42:110–114

 41. Li Y., Deng Y., Ye L., Sun H., Du S., Huang H., Zeng F., Chen X. and Deng 
G. Clinical significance of plasma D-dimer in COVID-19 mortality. Front. 
Med., 2021. 8:638097.Accessed:April5,2022.Available at: https:// doi. org/ 
10. 3389/ fmed. 2021. 638097/ full# h3

 42. Ahmed S, Ahmed Z, Siddiqui I, Rashid N, Mansoor M, Jafri L (2021) Evalua-
tion of serum ferritin for prediction of severity and mortality in COVID-19- 
A cross sectional study. Annals of Medicine and Surgery 63:102163

 43. Hashem M., Khedr E., Daef E., Hussein A., Mostafa E., Hassany S., Galal 
H., Hassan S., Galal I., Amin M. and Hassan H. Prognostic biomarkers in 
COVID-19 infection: value of anemia, neutrophil-to-lymphocyte ratio, 
platelet-to-lymphocyte ratio, and D-dimer. The Egyptian Journal of Bron-
chology. 2021; 15(29). Accessed: April 5,2022. Available at: https:// doi. org/ 
10. 1186/ s43168- 021- 00075-w# citeas

 44. Qeadan F, Tingey B, Gu L, Packard A, Erdei E, Saeed A (2021) Prognostic 
values of serum ferritin and D-dimer trajectory in subjects with COVID-19. 
Viruses 13(3):419

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1371/journal.pone.0256744
https://doi.org/10.1371/journal.pone.0256744
https://doi.org/10.3389/fmed.2021.638097/full#h3
https://doi.org/10.3389/fmed.2021.638097/full#h3
https://doi.org/10.1186/s43168-021-00075-w#citeas
https://doi.org/10.1186/s43168-021-00075-w#citeas

	Correlation between the serum level of ferritin and D-dimer and the severity of COVID-19 infection
	Abstract 
	Background 
	Results 
	Conclusion 
	Trial registration 

	Introduction
	Aim of the study
	Subjects and methods
	Inclusion criteria
	Exclusion criteria

	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


