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S It was an observational cross-sectional study. All cases of mucormycosis following SARS
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CoV?2 infection were reviewed. Demographic and clinical details with comorbidities and
relevant laboratory investigations which included serum glucose, serum ferritin, C
Reactive Protein, D-dimer, Procalcitonin were noted at the time of diagnosis of

mucormycosis. Diagnosis of mucormycosis was based on frozen section examination and
By histopathological examination.

This work is licensed under the Results
Creative Commons Attribution 4.0 Thirty-two cases of mucormycosis following SARS CoV2 infection confirmed on
License. Published by Pacific Group histopathology were studied. Majority of the cases (77%) were with comorbidity
of e-Journals (PaGe) especially having diabetic mellitus type 2. C-Reactive protein, Procalcitonin and serum

Ferritin were raised in almost all cases with mean of 80.92+62.5mg/l, 17.99+26.87ng/ml.
and 464.9+422.03ng/ml respectively. D Dimer was raised in less than 50% cases with a
mean of 828.5+245.9 ng/ml.

Conclusion

Acute phase proteins like C reactive Protein, Procalcitonin, Serum ferritin and D Dimer
were raised in Post-SARS CoV2 infected individual who presented now with
mucormycosis infection. These markers were raised markedly in critically ill patients thus
indicated its pathogenetic role in severe morbidity, thus estimation of serum acute phase
reactants can help in predicting the course and severity of illness.
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Introduction

Infections play a major role in morbidity and mortality in developing countries. Acute phase reactants (APRs) are proteins which
have noticed in high levels during inflammation and infection and hence there has been increasing focus on the use of acute-phase
reactants (APRs) in the management of infections.[1] Acute phase reactants are a heterogeneous group of plasma proteins, the
level of which increase or decrease in response to inflammatory stimuli such as infections, trauma, acute arthritis, systemic

autoimmune disorders and neoplasms.[1]

The liver plays a significant role in production of APRs. Parallelly the production of other plasma proteins is reduced and these

are referred to as negative acute-phase proteins, and proteins which increase in circulation are called positive acute phase proteins.
[2]

C-Reactive Protein (CRP), serum amyloid A (SAA) protein, erythrocyte sedimentation rate (ESR), procalcitonin (PCT),
fibrinogen, ferritin, alpha-1 antitrypsin, haptoglobin, alpha-1 acid glycoprotein, ceruloplasmin, and complement proteins: C3 and
C4 are important APRs. Erythrocyte Sediment Rate (ESR) and C-Reactive Protein (CRP) are most commonly used acute-phase
proteins as serum markers in clinical practice. Procalcitonin has created abundant interest in the previous years as an acute phase

protein in bacterial infections, and there are lot of evidence to support its usefulness in specific infections. [3]

World Health Organization (WHO) declared Coronavirus disease 2019 (COVID-19) as a global pandemic in March 2020. The
pandemic continues to be a public health concern even today. Coronavirus disease 2019 (COVID-19) is caused by virus Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) causing primarily pulmonary infection and has been associated with
a wide range of opportunistic bacterial and fungal infections. [4] Both Aspergillosis and Candida have been reported as the main
fungal pathogens for co-infection in people with SARS CoV 2 infection. Recently, several cases of mucormycosis in people with

COVID- 19 have been increasingly reported world-wide particularly in South Asian countries. [4]

The prevalence of mucormycosis varies from 0.005 to 1.7 per million population worldwide and its prevalence is nearly 80 times
higher in developing countries compared to developed countries, as observed in recent literature (estimate year being 2019-2020).
Few Asian countries have highest cases of the mucormycosis in the world compared to other south Asian countries. These
countries have also noticed highest prevalence of diabetes and thus the burden of opportunistic infections in diabetes and
immunocompromised state is known to occur in the population of developing countries compared to developed countries.[4]

Acute phase reactants like CRP, D-dimer and procalcitonin increase in inflammatory conditions including mucormycosis. [5]

This study was aimed to estimate the serum levels of acute phase proteins in mucormycosis cases following SARS CoV2 infection

and to determine the clinical, biochemical and histopathological findings in post covid mucormycosis cases.
Materials and Methods

It was an observational cross-sectional study where all the cases of Post-SARS CoV2 mucormycosis infection, diagnosed through
histopathological examination of the biopsy specimens (frozen sections and formalin fixed tissue) from January 2021 to December
2021 were studied. Ethical clearance was obtained from institutional ethical committee (SDMCDS IEC.N0.2021/ Medical/
Pathology/ S/ 15). Demographic and clinical details with comorbidities and relevant laboratory investigations which included
Serum Glucose, Serum Ferritin, C Reactive Protein, D-dimer and Procalcitonin were retrieved from medical record department at

the time of diagnosis of mucormycosis. Data regarding fungal growth in KOH media was retrieved from microbiology laboratory.
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Cases in which estimation of acute phase reactants were not done were excluded from the study.

Diagnosis of mucormycosis was based on frozen section examination and routine histopathological examination. The routine
formalin fixed paraffin embedded slides were stained with hematoxylin and eosin (H&E) and Periodic Acid Schiff (PAS) and
viewed under light microscope. Patient outcome was also noted at the time of discharge. Descriptive statistical analysis was

performed with mean, standard deviation, percentages and ratios.
Results

In present study, specimens of 85 suspected cases of mucormycosis following SARS CoV2 infection were received in the
laboratory out of which 35 cases were confirmed as mucormycosis by frozen section examination/ paraffin embedded H&E
sections of the specimen. In 3 cases, estimation of acute phase reactants was not performed and were excluded from the study.
Thus, 32 cases were considered for the study. The duration of mucormycosis following post SARS CoV2 infection was 2 months

to 4 months interval.

Age group of the patients ranged from 28 to 73 years with a mean age being 51.9 years. Males were more affected with male:
female ratio of 2.6:1. Biochemical profile of diabetes was reported in 23 cases (77%) with mean HbAlc levels of 9.5+2.23% while

one patient had both diabetes mellitus and hypertension.

Most common site of involvement was sinonasal involvement in 17 (53%) followed by only sinus involvement in 13 (40%) cases.
Other sites involved were frontal bone, oral cavity, maxilla, mandible and orbit. Headache was the most common clinical
presentation followed by facial, pain and swelling, blurring of vision, toothache, nasal obstruction and paresthesia being the other

presenting symptoms (Table 1).

Table 1: Clinical presentation of mucormycosis infection in Post SARS CoV2 patients

Clinical presentation Number of cases (%)
Headache 14 (46.7)

Facial pain/ swelling 6 (20)

Blurring of vision 2 (6.7)

Tooth pain 2 (6.7)

Paresthesia 3(10)

Frozen section examination was performed in all the cases and revealed non or pauci-septated broad, ribbon like hyphae suggesting

fungal elements and diagnosed as mucormycosis (Figure 1a & 1b).

27 cases were diagnosed as mucormycosis while 3 cases were suspicious for mucormycosis (histological features of fungal
infection without mucor elements) while rest 2 was reported as negative for mucormycosis in frozen section examination. In
paraffin embedded H&E sections, necrosis was the most consistent finding reported in 100% of the cases with 31% (10 cases)
showing granulomatous reaction with multinucleated giant cells. Majority of the cases (63%) showed mixed inflammatory cell
infiltrates comprising of lymphocytes, neutrophils, histiocytes and plasma cells with few showing exclusive neutrophilic (31%)
and lymphocytic (6%) infiltrations (Table 2). 16% of the cases showed angioinvasion. KOH culture was performed on 30 cases

and was positive for fungal growth in 17 (57%) cases including the cases which were suspicious on histopathological examination.
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Figure 1: a: 10X H&E stain Microphotograph shows area of necrosis and pauci-septate broad, ribbon like hyphae of

Mucormycosis. b: 400X H&E microphotograph showing high power view of the fungus embedded in necrotic material.

Table 2: Morphological findings on histopathology of Mucormycosis infection.

Histopathological features Number of cases (%)
Necrosis 30 (100)
Inflammatory cells: Mixed 16 (53.3)
Inflammatory cells predominant neutrophils 9(30)

Inflammatory cells predominant lymphocytes 5 (16.7)

Giant cells with granulomatous reaction 9 (30)
Angio-invasion 5 (16.7)

CRP was raised in 25 cases with mean serum levels of 80.92+62.5mg/l. Serum ferritin was raised in 18 cases with a mean of
464.9+422.03ng/ml. D Dimer was raised in 18 cases with a mean of 828.5+245.9 ng/ml. Procalcitonin was raised in 19 cases with

a mean of 17.99+26.87ng/ml (Table 3). Culture on KOH media was positive in 57% (performed in 30 cases) of the cases.

Table 3: Distribution of acute phase proteins/reactants in the Mucormycosis cases

Parameter (normal range) Mean

CRP (<6mg/l) 61.4+63.8
Ferritin (22-322ng/ml) 476.8 £446.7
D-dimer (<500ng/ml) 784.7 +215.6
Procalcitonin (<0.1ng/ml) 3.6+11.6
HbALc (<6.5%) 9.6 +2.5%

CRP: C Reactive Protein, HbAlc: glycated hemoglobin

All the patients except one recovered while one patient, 70 years male diabetic expired.
Discussion

Covid-19 caused by SARS-CoV-2 has been reported to be associated with various opportunistic bacterial and fungal infections.
Worldwide it is noticed there is rapid rise in mucormycosis infection in patients recovered from Covid 19. [6]

Mucormycosis is a fatal fungal infection and an uncommon infection that usually affects patients with altered immunity.

Mucormycosis is an angio-invasive fungal infection caused by mold fungi of the genus Rhizopus, Mucor, Rhizomucor,
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Cunninghamella and Absidia of order- Mucorales, class- Zygomycetes. The Rhizopus oryzae is most common type noticed and
responsible for nearly 60% of mucormycosis cases in humans and accounts for 90% of the rhino-orbital-cerebral mucormycosis
(ROCM) infection. [7] Mode of contamination occurs through the inhalation of fungal spores. [8]

Fungal spores of the mucor organism enter the humans through inhalation, local inoculation through skin lesion or through the
gastrointestinal tract by ingestion. It is easily aerosolized and regardless of the point of entry, the fungi require to undergo certain
important steps to establish and inoculate in human body which includes inoculation of spores into host tissue which may be skin
or alveoli or intestinal mucosa. The spores succeed evading phagocytosis by macrophages and neutrophils, and the germinate into
hyphae which is the angio-invasive form of the fungus. The fungi invade, grow and the virulence of the organism depending upon
the individual host health status. Conditions like hyperglycemia, ketoacidosis, iron overload, functional or quantitative neutropenia
favor viral growth. The fungi attach the endothelial cells of blood vessels through specific unique receptors subsequently inducing
endocytosis and causing endothelial damage thus causing clinically apparent disease through hemorrhage, thrombosis, and tissue
necrosis. Finally, the fungi enter the circulation and disseminating through circulation to various tissue organs leading to

systematic disease and multi-organ involvement. [7,9]

The innate immunity plays significant role and this barrier is basically 2-fold as explained, [10] Tissue macrophages facilitate
phagocytosis of spores. Spores that escape phagocytosis and germinate to hyphae lead to chemotaxis of neutrophils, which exert
their oxidative cytotoxic effect.

The neutrophils and macrophages directly cause damage to and phagocytose both spores and hyphae through the production and
release of reactive oxygen metabolites, cationic peptides, perforin, and other antimicrobial enzymes. In addition, they produce
proinflammatory cytokines, such as tumor necrosis factor (TNF)-a, IFN-y, and IL-1b, which facilitate activation and recruitment
of other immune cells. Any lack or delay in this early inflammatory response can rapidly lead to tissue destruction and
disseminated disease.10,11 Other mechanisms explained are, pathogen-associated molecular patterns where in the fungi bind to
pattern-recognition receptors of phagocytes and cause activation and transduction of intracellular signals. Toll-like receptor 2 is
one such significant receptor involved in early proinflammatory response. [11]

High prevalence of type 2 diabetes mellitus (8.9% of adults) is a known independent risk factor for developing mucormycosis.
[12] Increased incidence of mucormycosis in patients recovered from SARS CoV2 infection may be attributed to an ideal
environment for the mucormycosis to germinate. The ideal environment for viral growth includes pulmonary low oxygen levels,
plasma high glucose due to diabetic status, new-onset hyperglycemia, steroid-induced hyperglycemia, acidic medium like
metabolic acidosis, diabetic ketoacidosis, high iron levels and decreased phagocytic activity of leucocytes due to

immunosuppression. [6]

Various studies have reported varying age of involvement with a mean of 18 years to 55 years. [13] Golushankar et al noted male
preponderance which was similar observation in the present study. However, Badiee et al have reported female preponderance.
Majority of the patients were having history of diabetes mellitus which was in concordance with the present study with 78%
diabetic cases. Sino-nasal site was the most common site of involvement by mucormycosis similar to the present study. [6] (Table
4)

In critically ill patients it is markedly noticed that there are characteristic signs of hyperinflammation, which consist of elevated
serum C-reactive protein, procalcitonin, D-dimer and hyperferritinemia. These findings suggest a possibly crucial role of a

cytokine storm in COVID-19 pathophysiology. [14]
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Table 4: Comparison of laboratory parameters of present study with other recent studies

Laboratory Parameters  Present study Parisa Badiee study Lav Selarka et al Awadhesh Kumar Singh
(n=32) (n=1058) (n=47) (n=101)

Age (mean age in years) 51.9 18 55

Male:female(% males) 72 54.3 745 78.9

Diabetes 78 -- 76.6 80

Most common Site Nasal cavity+ | -- -- Nasal cavity+ sinuses
sinuses

S. CRP (mg/l') (mean) 80.92+62.5 57 76.4 £55.6

S. ferritin (ng/ml) (mean) | 464.9+422.03 357.0+ 280.3

D-Dimer (ng/ml) (mean) 828.5+245.9 305+ 335.9

Procalcitonin (ng/ml) | 17.99+26.87

(mean)
S. CRP: Serum C Reactive Protein.

Release of APRs is a systemic response to local or systemic disturbances in its homeostasis caused by infection, tissue injury,
trauma or surgery, or immunological disorders. [15] Liver plays major role in production of acute phase proteins, there is reduction
and increase production of proteins called negative and positive Acute Phase Proteins (APP). Negative acute phase reactants are
albumin, transferring, transthyretin, transcortin, and retinol-binding protein. Positive acute phase reactants are CRP, D-dimer
protein, mannose-binding protein, a-1 antitrpysin, a-1 anti-chymotrypsin, a-2 macroglobulin, fibrinogen, prothrombin, factor
VIII, Von Willebrand factor, plasminogen, complement factors, ferritin, Serum Amyloid P component, Serum Amyloid A (SAA),

ceruloplasmin, and haptoglobin. [2]

Raised serum levels of APRs including ferritin, CRP, D Dimer levels have been reported in various studies in mucormycosis cases
similar to present study. [16] Increased serum levels of procalcitonin have been reported in various case reports similar to present
study. It is observed that APRs like CRP, D-dimer and procalcitonin are also raised in non-specific inflammatory conditions.
[16,17]

Increased serum ferritin level is also an ideal environment for propagation of mucormycosis fungi. Hyperglycemia causes
glycosylation of transferrin and ferritin, and reduces iron binding allowing increased free iron. Increase in cytokines (especially
interleukin-6) in SARS CoV?2 infection, increases free iron by increasing ferritin levels due to increased synthesis and decreased
iron transport. Concomitant acidosis increases free iron by the same mechanism and additionally by reducing the ability of
transferrin to chelate iron. [6 As free iron plays an important role in pathogenesis of mucormycosis, it has been hypothesized that

iron chelation therapy might act as a preventive therapy for mucormycosis. [18]

Acute phase reactants like CRP, D dimer, Procalcitonin and ferritin have been shown to indicate poor patient prognosis in SARS
CoV2 infected patients and susceptibility to bacterial co-infections. [19,20] The following table (Table 4) compares present study

findings with various studies found in literature.

Very few studies were found in literature search, where distributions of APRs were studied in Post SARS CoV2 mucormycosis

cases. Hence present study emphasizes the role of various APRS in mucormycosis infections.
Limitations

Present study had less sample size as it was acute rise of cases post covid infection, so in present study duration the sample studied

were few. Secondly all cases diagnosed with mucormycosis fungal infection following SARS CoV-2 infection were not tested for
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serum acute phase proteins levels hence they were excluded adding to small size of samples. Thirdly follow up of these patients

couldn’t be done due to difficult times of pandemic.
Conclusion

Frequency of mucormycosis has increased during covid 19 pandemic following SAR CoV2 infections accusing significant
morbidity. Presence of diabetes mellitus should have high index of suspicion. Estimation of serum acute phase proteins can help
in predicting the course and severity of illness. Serum ferritin levels may indicate increased susceptibility to mucormycosis in post
SARS CoV 2 infection.

Acknowledgment: Authors acknowledge the technical staff of department of laboratory medicine and histopathology.
Informed Consent: Patient participating in the study, consent for the study was taken in written consent form.

Ethical clearance: the study had undergone institutional ethical clearance; the study proposal was presented and IEC was
obtained with reference number as (SDMCDS IEC.N0.2021/ Medical/ Pathology/ S/ 15).

Funding sources: NIL

Competing Interests: NIL

References
Dowton SB, Colten HR. Acute phase reactants in inflammation and infection. Semin Hematol 1988; 25:84-90
Jain S, Gautam V, Naseem S. Acute-phase proteins: As diagnostic tool. J Pharm Bioallied Sci. 2011;3(1):118-27.
Malone L, Cm MBA, Grigorenko E, Stalons D. Id Week 2015. 2017;2(September):2633851.

1

2

3

4. Eckersall PD. Acute phase reactants. J Am Vet Med Assoc. 1991;199(6):675-6.

5. Symeonidis AS. The role of iron and iron chelators in zygomycosis. Clin Microbiol Infect [Internet]. 2009;15(5):26—32.
6

Petrikkos, George & Tsioutis, Constantinos. (2018). Recent Advances in the Pathogenesis of Mucormycoses. Clinical
Therapeutics. 40. 10.1016/j.clinthera.2018.03.009.

7. Sugar AM. In: Mandell GL, Bennett JE, Dolin R(eds) Mandell, Douglas, and
8. Bennett’s principles and practice of infectious diseases (5th edn), Churchill
9. Livingstone, New York, USA, 2000.

10. Seltmann A, Troxell SA, Schad J, Fritze M, Bailey LD, Voigt CC, et al. Differences in acute phase response to bacterial,
fungal and viral antigens in greater mouse-eared bats (Myotis myotis). Sci Rep [Internet]. 2022;12(1):15259

11. Balasopoulou A, Kokkinos P, Pagoulatos D, Plotas P, Makri OE, Georgakopoulos CD, et al. Symposium Recent
advances and challenges in the management of retinoblastoma Globe - saving Treatments. BMC Ophthalmol [Internet].
2017;17(2):1.

12. lbrahim AS, Spellberg B, Walsh TJ, Kontoyiannis DP. Pathogenesis of mucormycosis. Clin Infect Dis. 2012;54: S16—
22.

13. Ibrahim AS, Voelz K. The mucormycete—host interface. CurrOpinMicrobiol. 2017; 40:40-45.

14. Skiada A, Pavleas |, Drogari-Apiranthitou M. Epidemiology and Diagnosis of Mucormycosis: An Update. J Fungi
(Basel). 2020 Nov 2;6(4):265.

15. Gokulshankar S, Bk M. Short Communication Covid-19 and Black Fungus . Asian J Med Heal Sci Vol. 2021;4(1):2-5.

Annals of Pathology and Laboratory Medicine, Vol. 11, Issue 4, April 2024



Dixit et al. A-41

16.

17.

18.

19.

20.

21.

22.

Mehta, P, McAuley, DF, Brown, M, et al. COVID-19: Consider Cytokine Storm Syndromes and Immunosuppression.
Lancet 2020; 395: 1033-34.

Ibrahim AS, Spellberg B, Edwards J. Iron acquisition: A novel perspective on mucormycosis pathogenesis and treatment.
Curr Opin Infect Dis. 2008;21(6):620-5.

Lino K, Guimardes GMC, Alves LS, Oliveira AC, Faustino R, Fernandes CS, et al. Serum ferritin at admission in
hospitalized COVID-19 patients as a predictor of mortality. Brazilian J Infect Dis. 2021;25(2):1-6.

Revannavar SM, Supriya P, Samaga L, Vineeth K.COVID-19 triggering mucormycosis in a susceptible patient: A new
phenomenon in the developing world? BMJ Case Rep. 2021;14(4). e241663.

Philipp Schuetz. The Role of Procalcitonin for Risk Assessment and Treatment of COVID-19 Patients. Health Manage.
2020;20(5):380-2.

Marwick JA, Chung KF, Adcock IM. Therapeutic Advances in Respiratory Disease as targets in respiratory disease.
2010;92:1-18.

Williams EJ et al. (2020) Routine measurement of serum procalcitonin allows antibiotics to be safely withheld in patients
admitted to hospital with SARS-CoV-2 infection. medRxiv.

www.pacificejournals.com/apalm elSSN: 2349-6983; pISSN: 2394-6466


http://www.pacificejournals.com/apalm

