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ABSTRACT

Introduction: There are increasing reports of the occurrence
of fungal co-infections in Coronavirus disease-2019 (COVID-
19) patients resulting in severe morbidity among predisposed
individuals. Mucormycosis is an Invasive Fungal Infection (IFI).
Early anticipation and identification of fungal co-infections can
significantly reduce morbidity rate among COVID-19 infected
patients.

Aim: To determine quantitatively the levels of ferritin and D-dimer
in COVID-19 infected patients with mucormycosis.

Materials and Methods: This cross-sectional study was conducted
on 84 Real Time Polymerase Chain Reaction (RT-PCR) positive
for COVID-19 in oropharyngeal swab patients from June 2021 to
August 2021 at Sri Devaraj Urs Medical College, Kolar, Karnataka,
India. D-dimer and ferritin levels were measured in the patient’s
blood sample using Latex Enhanced Immunoturbidimetric method
in Vitros 5.1 FS and Vitros Eci Immunodiagnostics, respectively.
Continuous data represented as mean and standard error of
mean, Kruskal-Wallis test and Mann-Whitney U test was used to
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test significance, p-value <0.05 was considered as statistically
significant.

Results: Of the 84 COVID-19 Infected patients, 40 were included
in group 1, 25 patients in group 2 and 19 patients in group 3. A
total of 21 patients were aged between 20-40 years, 48 patients
between 41-60 years age group and 15 patients were in 61-
80 years of age group. The number of male patients was 63 and
female patients were 21. The D-dimer levels were 1259.37+258.9,
2632.60+472.6 and 229.53+18.4 (p-value <0.001) in group 1, 2 and
3, respectively and ferritin levels were 528.58+45.03, 511.48+74.4,
and 256.89+51.8 (p-value <0.007) in group 1, 2 and 3, respectively.

Conclusion: Serum ferritin and plasma D-dimer were significantly
elevated in COVID-19 patients with mucormycosis. Mucormycosis
in COVID-19 patients without pre-existing co-morbidities may
be attributed to the use of steroid therapy in these patients for
COVID-19 infection. Thus, serum ferritin and plasma dimer levels
may have a significant predictive role in the risk assessment for
the development of mucormycosis among COVID-19 infected
patients.
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INTRODUCTION

Mucormycosis is an Invasive Fungal Infection (IFl) caused by a group
of saprophytic environmental fungi-Rhizoous, Mucor, Cunninghamella,
Aposphysomyces, Licitheimia (Absidia), Saksenaea, Rhizomucor
[1]. Mucormycosis was previously called zygomycosis. The clinical
manifestations of mucormycosis can be rhinocerebral, pulmonary,
cutaneous, gastrointestinal, and disseminated. Rhinocerebral
mucormycosis is the most common manifestation accounting for
between one-third and one-half of all cases of mucormycosis [2].
The recent pandemic Coronavirus Disease-2019 (COVID-19) due
to the novel Severe Acute Respiratory Syndrome-Coronavirus-2
(SARS-CoV-2) has caused more than 110 million cases and more
than 2.4 million deaths globally [3]. There are increasing reports of the
occurrence of bacterial and fungal co-infections in COVID-19 patients
resulting in severe morbidity among predisposed individuals [4].

The common identifiable risk factors of mucormycosis are diabetes
mellitus, patients on immunosuppressive therapy, leukaemias,
neutropenias, neutrophil dysfunction, haematopoetic stem cell
transplantation, diabetic ketoacidosis, iron-overload and Human
Immunodeficiency Virus (HIV)/ Acquired Immunodeficiency Syndrome
(AIDS) [5].

The mold gains entry into the host through the respiratory tract and
has a remarkable affinity for the internal elastic lamina of arteries and
subsequently causes thrombosis and infarction [6,7]. The disease
progression from nose and sinuses is both by direct or through
vascular occlusion. Intracranial spread occurs by invasion through

superior orbital fissure, ophthalmic vessels, cribriform plate, carotid
artery and perineural route [8,9]. COVID-19 infection involves the
pulmonary parenchyma resulting in diffuse alveolar damage, hyaline
membrane formation, interstitial lymphocyte infiltration and vascular
micro thrombi [10]. These pulmonary changes take weeks to resolve
and may serve as a nidus for fungal infection [11].

Precious time would be wasted in the initiation of treatment to these
predisposed individuals waiting for culture reports. Previous studies
have shown that there is significant elevation of D-dimer levels in
patients with COVID-19 infection. An elevated level of D-dimer
indicates enhanced coagulation leading to thrombus formation,
a nidus for fungal infection, and also an elevation in serum ferritin
indicates the immune dysregulation in severe COVID infection [12-
14]. There are hardly any studies available that have compared
the levels of these key mediators ferritin and D-dimer in COVID-19
patients with mucormycosis, early anticipation and identification of
fungal co-infections can significantly reduce morbidity rate among
COVID-19 infected patients [15].

Hence, this study aimed to determine quantitatively the levels of
ferritin and D-dimer levels in COVID-19 infected patients developing
MUuCOrmycosis.

MATERIALS AND METHODS

This cross-sectional study was conducted in a tertiary care hospital
and research centre attached to Sri Devaraj Urs Medical College,
Kolar, Karnataka, India, from June 2021 to August 2021. Ethical
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Clearance was obtained from the Institutional Ethics Committee
(IEC Ref No: DMC/KLR/IEC/102/2021-2022 dated 29-06-2021).
Informed consent was obtained from the participants.

Inclusion criteria: All COVID-19 positive patients, diagnosed on
admission by RT-PCR of oropharyngeal swabs with or without
respiratory symptoms, and COVID-19 positive patients diagnosed
with mucormycosis by fungal culture were included in the study.

Exclusion criteria: Patients younger than 18 years, critically il
patients like acute myocardial infarction during hospitalisation,
diabetes mellitus with acute complications, acute pancreatitis,
chronic kidney disease were excluded.

A study with a total of 84 RT-PCR positive for COVID-19 virus in
oropharyngeal swab patients were included in the study and were
divided into 3 groups:

e Group 1- 40 COVID-19 positive patients with confirmed
mucormycosis infection by fungal culture and microbiological
identification by Lacto-phenol Cotton Blue (LCB) were included
in group 1 and were mild to moderately symptomatic. Among
40 COVID-19 positive patients with Mucormycosis infection, two
patients developed mucormycosis within seven days of COVID-
19 infection, two patients within 14 days,10 patients within
21 days and rest of the 26 patients developed mucormycosis in
the next 45 days of being positive for COVID-19 infection.

e Group 2- 25 patients with severe symptoms of COVID-19
infection with Respiratory Rate (RR) >30/min (or) SpO, <90%
at Room Air (or) less than 94% with oxygen, Acute Respiratory
Distress Syndrome (ARDS) and without symptoms or clinical
history related to Mucormycosis infection were included.

e Group 3- 19 patients with mild to moderate symptoms of
COVID-19, RR 24-30/m (or) SpO,: 90-94% at room air were
included [16].

Procedure

A 4 mL of blood was collected from the patients, 2 mL blood was
collected in plain red vacutainer and assayed for Serum Ferritin
automated clinical biochemistry analyser (Vitros Eciimmunodiagnostic
systems, Ortho clinical diagnostics, United Kingdom), and 2 mL
blood was collected in sodium citrate vacutainer, assayed for plasma
d-dimer estimated by Latex Enhanced Immunoturbidimetric method
(Vitros 5.1 FS, Ortho clinical diagnostics, United Kingdom) [17-19].
Serum ferritin and plasma D-dimer values are expressed in ng/mL.

A detailed clinical history of co-morbidities like diabetes mellitus,
hypertension, cardiac disease, tuberculosis, and bronchial asthma
if any were recorded.

STATISTICAL ANALYSIS

Data was entered into Microsoft excel data sheet and analysed using
Statistical Package for the Social Sciences (SPSS) 22.0 version
software. Continuous data represented as mean and standard error
of mean. Kruskal-Wallis test was used to test significance among
the categorical variables between the groups, Mann-Whitney U test
was used for pair wise comparison to compare variables which do
not conform to normal distribution, p-value <0.05 was considered
as statistically significant.

RESULTS

Total 84 patients were included, of which 40 patients in group 1, 25
patients in group 2 and 19 patients in group 3. A total of 21 patients
were aged between 20-40 years, 48 patients between 41-60 years
age group and 15 patients were in 61-80 years of age group. The
number of male patients was 63 and female patients were 21. The
number of patients with history of co-morbidities like type 2 diabetes
mellitus, hypertension, cardiac disease like Congestive Cardiac
Failure (CCF) or Ischaemic Heart Disease (IHD) in each group were
as shown in [Table/Fig-1]. In the study, all the COVID-19 infected

Journal of Clinical and Diagnostic Research. 2022 Jan, Vol-16(1): BC12-BC15

Susanna Theophilus Yesupatham et al., Estimation of Ferritin and D-Dimer Levels in COVID-19 Patients

Group 1 | Group 2 | Group 3
Co-morbidities (n=40) (n=25) (n=19)
Diabetes mellitus 20 6 3
Hypertension 4
Diabetes mellitus and hypertension iRl 9 2
Cardiac disease- Congestive cardiac failure/ 1
Ischaemic heart disease/Myocardial infarction
Respiratory diseases- Tuberculosis/Bronchial
asthma
No co-morbidities 4 10 14

[Table/Fig-1]: Shows the number of patients with history of co-morbidities under

group 1, group 2 and group 3.

patients had received steroid therapy as a part of treatment protocol
for COVID-19 infection.

The D-dimer levels were significantly higher in group 1 and group 2
compared to group 3 subjects. Serum ferritin levels were significantly
increased in group 1 compared to group 2 and group 3. The variables
d-dimer and ferritin checked for normality and does not satisfy
normality conditions among the groups. The skewness, Shapiro-Wilk
and normality plots test, non parametric kruskal-wallis test was used
to test the significance of difference. The difference in mean levels
of D-dimer and ferritin across 3 groups was statistically significant
[Table/Fig-2].

D-dimer (ng/mL) Ferritin (ng/mL)
Parameter N Mean+SE Mean+SE
Group 1 40 1259.37+258 528.58+45.03
Group 2 25 2632.60+472.6 511.48+74.4
Group 3 19 229.53+18.4 256.89+51.8
*p-value <0.001 <0.007

nd Kruskal-Wallis test of significance for

D-dimer and
*Kruskal Wallis test

ritin levels in group 1, group 2 and group 3 subjects.

Pairwise comparison among group 1 and group 2, showed the
D-dimer levels to be significantly different and increased in group 1
subjects compared to group 2 subjects, there was however no
significant changes in the levels of ferritin levels among group 1
and group 2. Pairwise comparison among group 1 and group 3,
shows the D-dimer levels were highly increased in group 1
compared to group 3 which was also statistically significant. Even
the ferritin levels were decreased in group 3 compared to group 1
which was also statistically significant. Pairwise comparison among
group 2 and group 3 shows the D-dimer levels were significantly
increased in group 2 compared to group 3. And the serum ferritin
levels were significantly decreased in group 3 compared to group 2
[Table/Fig-3].

Pairwise comparison of groups D-dimer Ferritin

Mann-Whitney U 257.000 480.500

Group 1 and Group 2 z -3.277 -0.263
p-value 0.001 0.792

Mann-Whitney U 11.000 174.500

Group 1 and Group 3 Z -5.986 -3.334
p-value <0.001 0.001

Mann-Whitney U 10.000 149.500

Group 2 and Group 3 Z -5.628 -2.086
p-value <0.001 0.037

[Table/Fig-3]: Shows the pairwise comparison of serum ferritin and plasma D-dimer

levels among the groups using Mann-Whitney U test.
p-value <0.05 considered significant

DISCUSSION
This study included 84 RT-PCR confirmed COVID-19 infection
cases presenting with mild symptoms to severe pneumonia at our
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hospital. Forty COVID-19 infected patients with mucormycosis
had Rhino orbital mucormycosis. In this study, authors observed
that the group 1 patients had significantly higher levels of ferritin
as compared to group 2 and group 3 patients. Among group 2
and group 3, the group 2 patients with severe COVID-19 infection
had higher levels of ferritin compared to group 3 subjects. The
study findings are in par with observations made by Zhou F et al.,
where ferritin levels of more than 400 correlated significantly with
severe infection and mortality due to COVID-19 [20]. This can be
attributed to the fact that the hyperglycaemia due to co-existing
co-morbid condition like diabetes mellitus or secondary to steroid
therapy in COVID-19 patients, is known to cause glycosylation
of protein transferrin and ferritin, reducing the iron binding with
these proteins and thus causing elevated free iron which serves
as an ideal source for mucor infection by facilitating the fungal
heme oxygenase to uptake iron for its metabolism [21,22]. Further,
in COVID-19 infection there is a release of excessive of ferritin
from cells due to cytokine stimulus by the interleukins especially
IL6, as an account of viremia there is significant activation of
macrophages. This hyperferritinemia is seen in severe infections
of COVID-19 and its levels correlates with high mortality [23,24].
Further studies have shown that iron overload to predispose
individuals to mucormycosis infection [25,26]. In this study also
the group 1 COVID-19 patients with mucormycosis have higher
ferritin levels.

D-dimer is a fibrin degradation product, a protein fragment present
in the blood after a blood clot is degraded by fibrinolysis [27]. In
the present study, authors found that the D-dimer levels were high
in group 1 compared to group 3 patients, the levels of D-dimer in
group 2 patients was significantly higher compared to the other
groups. The elevation in D-dimer in COVID-19 patients has been
attributed to the endothelialitis, endothelial damage and dysfunction
of the haemostatic system leading to hypercoagulable state induced
by the virus [28].

An alarming finding in this study was that four patients with no co-
morbidities with COVID-19 infection had developed mucormycosis,
this may be attributed to the steroid therapy given to COVID-19
positive patients, that is known to cause stimulation of intravascular
coagulation [29]. As a consequence, the microthrombi formed
may serve as a nidus for Mucormycosis infection in these patients.
Recent studies have reported that the high glucose levels, free
iron, and lowered pH, with reduced phagocytic activity of White
Blood Cell (WBC) due to steroid use makes the COVID-19 patients
susceptible to Mucormycosis infection [20].

Limitation(s)

The influence of the duration of co-morbid conditions specifically
diabetes mellitus and a baseline levels of HbA1c in these patients
prior to COVID-19 infection needs to be considered and associated
treatment that might have effect on the levels of D-dimer and ferritin
should also be considered in future studies with larger sample
size to ascertain the cut off limits and independent use of these
biomarkers for assessment of the risk of developing mucormycosis
in COVID-19 infected individuals.

CONCLUSION(S)

Serum ferritin and plasma D-dimer were significantly elevated in
COVID-19 patients with mucormycosis. Mucormycosis in COVID-
19 patients without pre-existing co-morbidities may be attributed
to the use of steroid therapy in these patients for COVID-19
infection. Thus, serum ferritin and plasma D-dimer levels may
have a significant predictive role in the risk assessment for the
development of mucormycosis among COVID-19 infected
patients. Further considering the findings of this study, the use of
the above biomarkers along with judicious use of steroid therapy
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and maintenance of optimum blood glucose levels would reduce
the burden of secondary infection mucormycosis among COVID-
19 patients.

Acknowledgement

The authors would like to thank the academy Sri Devaraj Urs
Academy of Higher Education and Research for having supported
through providing the infrastructure required to carry out this
study and sincere thanks to Mr. Ravishankar, Assistant Professor,
Statistician, SDUMC, Kolar, Karnataka, India.

REFERENCES

[11 Roden MM, Zaoutis TE, Buchanan WL, Knudsen TA, Sarkisova TA, Schaufele
RL, et al. Epidemiology and outcome of zygomycosis: A review of 929 reported
cases. Clinical Infectious Diseases. 2005;41(5):634-53.

[2] Spellberg B, Edwards Jr J, Ibrahim A. Novel perspectives on mucormycosis:
Pathophysiology, presentation, and management. Clin Microbiol. 2005;18(3):556-69.

[3] World Health Organization Coronavirus disease 2019 (COVID-19) dashboard.
Available online: https://covid19.who.int.

[4] Lansbury L, Lim B, Baskaran V, Lim WS. Co-infections in people with COVID-19:
A systematic review and meta-analysis. J Infect. 2020;81(2):266-75.

[5] Talmi YP, Goldschmied-Reouven A, Bakon M, Barshack I, Wolf M, Horowitz Z,
et al. Rhino-orbital and rhino-orbito-cerebral mucormycosis, Otolaryngol. Head
Neck Surg. 2002;127(1):22-31.

[6] Gupta S, Goyal R, Kaore NM. Rhino-orbital-cerebral mucormycosis: Battle with
the deadly enemy. Indian J Otolaryngol Head Neck Surg. 2020;72(1):104-11.

[7]1 Groote CA. Rhinocerebral phycomycosis. Arch Otolaryngol.1970;92(3):288-92.

[8] Bawankar P, Lahane S, Pathak P, Gonde P, Singh A. Central retinal artery
occlusion as the presenting manifestation of invasive rhino-orbital-cerebral
mucormycosis. Taiwan J Ophthalmol. 2020;10(1):62-65.

[9] Parsi K, ltgampalli RK, Vittal R, Kumar A. Perineural spread of rhino-orbito
Cerebral mucormycosis caused by Apophysomyces elegans. Ann Indian Acad
Neurol. 2013;16(3):414-17.

[10] Hanley B, Naresh KN, Roufosse C, Nicholson AG, Weir J, Cooke GS, et al.
Histopathological findings and viral tropism in UK patients with severe fatal
COVID-19: A post-mortem study. Lancet Microbe. 2020;1(6):e245-53.

[11] Kanne JP, Little BP, Chung JH, Elicker BM, Ketai LH. Essentials for Radiologists
on COVID-19: An Update-Radiology Scientific Expert Panel Radiology.
2020;296(2):E113-14.

[12] Velavan TP, Meyer CG. Mild versus severe COVID-19: Laboratory markers.
International Journal of Infectious Diseases. 2020;95:304-07.

[13] Rosario C, Zandman-Goddard G, Meyron-Holtz EG, D’Cruz DP, Shoenfeld
Y. The Hyperferritinemic Syndrome: Macrophage activation syndrome, Still’'s
disease,septic shock and catastrophic antiphospholipid syndrome. BMC Med.
2013;11:185.

[14] Kernan KF, Carcillo JA. Hyperferritinemia and inflammation. Int Immunol.
2017;29:401-09.

[15] Werthman-Ehrenreich A. Mucormycosis with orbital compartment syndrome in a
patient with COVID-19. American Journal of Emergency Medicine. 2021;42:264.
eb-e8.

[16] Clinical management protocol: COVID-19 guidelines by Government of India,
Ministry of Health and family welfare, Directorate General of Health services.
Version 5.03.07.2020. Available at https://www.mohfw.gov.in.

[17] Summers M, Booth T, Brockas T, Edgar H, Edwards J, Nunnerley C, et
al. Luminogenic reagent using 3-Chloro 4-hydroxy acetanilide to enhance
peroxidase/luminol chemiluminescence. Clinical Chem.1995;41:S73.

[18] Keeling DM, Mackie 1J, Moody A, Watson HG. The diagnosis of deep vein
thrombosis in symptomatic outpatients and the potential for clinical assessment
and D-dimer assays to reduce the need for diagnostic imaging. BJH Guideline.
British Journal of Haematology. 2003;124(1):15-25.

[19] Alan HB. Wu. Tietz Clinical Guide to Laboratory Tests. Fourth Edition.
Saunders Elsevier, 11830 Westline Industrial Drive, St. Louis, Missouri
63146.2006;328-29.

[20] Zhou F, YuT, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for
mortality of adult in patients with COVID-19 in Wuhan, China: A retrospective
cohort study. Lancet. 2020;395:1054-62.

[21] Singh AK, Singh R, Joshi SR, Misra A. Mucormycosis in COVID-19: A systematic
review of cases reported worldwide and in India. Diabetes & Metabolic Syndrome:
Clinical Research & Reviews. 2021;15(4):102146.

[22] Waizel-Haiat S, Guerrero-Paz J, Sanchez-Hurtado L, Calleja-Alarcon S, Romero-
Gutierrez L. A case of fatal Rhino-Orbital Mucormycosis associated with new
onset diabetic ketoacidosis and COVID-19. Cureus. 2021;13(2):e13163.

[28] Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson J. COVID-
19: Consider cytokine storm syndromes and immunosuppression. Lancet.
2020;395(10229):1033-34.

[24] Vargas-Vargas M, Cortés-Rojo C. Ferritin levels and COVID-19. Rev Panam
Salud Publica. 2020;44:72.

[25] Sugar AM. Mucormycosis. Clin Infect Dis. 1992;14:126-29.

[26] Maertens J, Demuynck H, Verbeken EK, Zachée P, Verhoef GE, Vandenberghe
P, et al. Mucormycosis in allogeneic bone marrow transplant recipients: Report
of five cases and review of the role of iron overload in the pathogenesis. Bone
Marrow Transplant. 1999;24(3):307-12.

Journal of Clinical and Diagnostic Research. 2022 Jan, Vol-16(1): BC12-BC15



www.jcdr.net Susanna Theophilus Yesupatham et al., Estimation of Ferritin and D-Dimer Levels in COVID-19 Patients

[27] Asakura H, Haruhiko O. COVID-19 associated coagulopathy and disseminated [29] Chan KL, Mok CC. Glucocorticoid-induced avascular bone necrosis: Diagnosis
intravascular coagulation. International Journal of Hematology. 2020;113(1):45-57. and management. The Open Orthopaedics Journal. 2012;6:449-57.

[28] Baldin C, Ibrahim AS. Molecular mechanisms of mucormycosis- The bitter and
the sweet. PLoS Pathog. 2017;13(8):e1006408.

PARTICULARS OF CONTRIBUTORS:

1. Associate Professor, Department of Biochemistry, Sri Devaraj Urs Academy of Higher Education and Research, Kolar, Karnataka, India.

2. Professor, Department of Otorhinolaryngology and Head and Neck Surgery, Sri Devaraj Urs Academy of Higher Education and Research, Kolar, Karnataka, India.

3. Associate Professor, Department of Otorhinolaryngology and Head and Neck Surgery, Sri Devaraj Urs Academy of Higher Education and Research, Kolar, Karnataka, India.
4. Senior Resident, Department of Biochemistry, Sri Devaraj Urs Academy of Higher Education and Research, Kolar, Karnataka, India.

5. Junior Resident, Department of Otorhinolaryngology and Head and Neck Surgery, Sri Devaraj Urs Academy of Higher Education and Research, Kolar, Karnataka, India.
NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR: PLAGIARISM CHECKING METHODS: Wantetal] ETYMOLOGY: Author Origin
Dr. Sagayaraj Arokiyaswamy, e Plagiarism X-checker: Oct 14, 2021

Associate Professor, Department of Otorhinolaryngology and Head and Neck Surgery, e Manual Googling: Dec 16, 2021

Sri Devaraj Urs Academy of Higher Education and Research, Kolar, Karnataka, India. e iThenticate Software: Dec 30, 2021 (23%)

E-mail: susanna020682@gmail.com

AUTHOR DECLARATION:

e Financial or Other Competing Interests: None Date of Submission: Oct 13, 2021
o Was Ethics Committee Approval obtained for this study? VYes Date of Peer Review: Nov 09, 2021
* Was informed consent obtained from the subjects involved in the study? Yes Date of Acceptance: Dec 21, 2021
e For any images presented appropriate consent has been obtained from the subjects. No Date of Publishing: Jan 01, 2022

Journal of Clinical and Diagnostic Research. 2022 Jan, Vol-16(1): BC12-BC15


http://europeanscienceediting.eu/wp-content/uploads/2016/11/ESENov16_origart.pdf

