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Abstract: Mucormycosis is an opportunistic fungal infection that is increasingly affecting patients with 

Coronavirus Disease (COVID-19). This connection is particularly pronounced in specific populations, 

including individuals with diabetes or those who have recently undergone corticosteroid therapy. 

Additionally, Cytomegalovirus (CMV) infection is a frequent complication among COVID-19 patients who have 

previously received corticosteroid or other immune-modulatory treatments. In this case report, we present the 

clinical details of a 56-year-old male who developed post-COVID pneumonia complicated by both cutaneous 

mucormycosis and CMV infection. 
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1. Introduction 

In late December 2019, the world witnessed the emergence of Coronavirus Disease (COVID-19), 

stemming from the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) in Wuhan, 

Hubei province, China. The World Health Organization (WHO) officially declared it a pandemic on 

March 11, 2020. COVID-19 has left an indelible mark on healthcare systems across the globe, affecting 

them at every level and increased the existing risk of burnout for doctors [1,2]. The disease spectrum 

associated with this pathogen spans from mild, self-limiting infections to potentially fatal illnesses. 

Individuals with coexisting morbidities such as diabetes mellitus, obesity, and other lifestyle diseases 

face significantly elevated morbidity and mortality rates. Furthermore, patients with respiratory 

comorbidities like chronic obstructive pulmonary disease (COPD) experience poorer outcomes. 

Finally, anti-cancer treatments, including radiation therapy, chemotherapy, stem cell transplantation, 

and chimeric antigen receptor T-cell therapy, substantially elevate the risk of contracting COVID-19 

due to their immunosuppressive effects. These therapies can occasionally mask prodromal symptoms 

like fever, potentially resulting in a delay in diagnosis [3]. Hyperinflammation and cytokine storm 

syndrome represent significant contributors to the development of acute respiratory distress 

syndrome, multiorgan failure, and ultimately, mortality in individuals infected with SARS-CoV-2. It 

is essential for the field of therapeutics to continually advance and develop new and enhanced 

vaccines to address the constantly evolving nature of the virus [4].  

Numerous opportunistic infections have been documented in COVID-19 patients. These include 

Aspergillus spp., Candida spp., Cryptococcus neoformans, Pneumocystis jiroveci (carinii), Cytomegalovirus 

(CMV), Herpes simplex virus (HSV), Strongyloides stercoralis, Mycobacterium tuberculosis, and Toxoplasma 

gondii. Within COVID-19 pandemic lies another rising worldwide challenge, namely COVID-19 
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associated mucormycosis (CAM) [5]. There is evidence of a rising number of cases among patients 

who have successfully recovered from initial COVID-19 infection, with the vast majority originating 

in the subcontinent region [6]. Patients may have an increased susceptibility to CAM due to their 

compromised immune status, which can result from the viral infection itself, previous corticosteroid 

therapy, or uncontrolled blood sugar levels [7]. Studies have indicated that the median duration for 

the development of mucormycosis is approximately 10 to 15 days following a COVID-19 diagnosis 

[8]. Mucormycosis can present clinically as rhino-cerebral-orbital mucormycosis (RCOM), 

pulmonary, gastrointestinal, cutaneous, or disseminated mucormycosis. However, unlike other 

forms, cutaneous mucormycosis typically does not require an underlying impaired immune response 

for its development [5]. It is often triggered by trauma or burns to the skin, leading to local edema 

and discoloration, which can progress to gangrene and the formation of nodular skin lesions [9]. 

In addition to mucormycosis, COVID-19 patients should maintain a high level of suspicion for 

cytomegalovirus (CMV) reactivation [10]. Reactivation can be attributed to drug-related 

immunosuppression, including prior corticosteroid use, tocilizumab, or hydroxychloroquine, or it 

may arise directly due to COVID-19 infection and the associated immunosuppression [11,12]. CMV 

reactivation can manifest in various ways, such as myocarditis, pneumonitis, proctitis, or 

disseminated CMV. 

Opportunistic infections triggered by COVID-19 are a critical problem, and a diagnosis of 

mucormycosis is often delayed. Herein, we present a case of post-COVID pneumonia complicated 

by cutaneous mucormycosis and CMV infection. 

2. Case Report 

A 56-year-old male with a medical history of diabetes and hypertension, was admitted due to 

post-COVID pneumonia. Prior to this admission, the patient had received treatment for COVID-19 

pneumonia at a nearby isolation center, where he had tested positive on a reverse transcriptase-

polymerase chain reaction (RT-PCR) test. A high-resolution computerized tomography (CT) scan of 

the chest had revealed extensive lung fibrosis. Upon his admission to our medical facility, the patient 

was promptly initiated on appropriate treatment, including non-invasive ventilation (NIV). Of note 

that he presented with an anterior abdominal wound, as illustrated in Figure 1. There was no 

accompanying fever or localized pain, and the patient did not report any recent trauma in the area, 

except for occasional discomfort related to insulin injections. The lesion appeared non-tender, with 

no associated discharge. There were no significant abnormalities in the standard laboratory tests 

(total leukocyte count 7.2*109/L, lactate dehydrogenase 481 U/L), apart from the increased C-reactive 

protein (227 mg/L) and HBA1c-glycosylated hemoglobin (10,1 %). 

 

Figure 1. Anterior abdominal wound on initial presentation. Large erythematous well-demarcated 

elliptical-shaped plaque with central raised gray-discoloration, fissuring and desquamation. No 
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associated discharge or edema visualized. Lesion measured approximately 5.4*3.1 cm in size and was 

located in the right hypochondrial region. 

An abdominal ultrasound revealed an ill-defined, hyper-echoic, wide oval-shaped lesion in the 

subcutaneous soft tissues of the right hypochondrial region of the abdominal wall, measuring 

approximately 5.4*1.9 cm, likely of infectious origin. Two days later, a follow-up ultrasound showed 

an increase in the lesion's size to 7.5*2.1 cm. The patient subsequently underwent incision and 

drainage of the lesion, as depicted in Figure 2, and a tissue specimen was collected for 

histopathological analysis. The patient was safely discharged the following day. 

 

Figure 2. Anterior abdominal wound after incision and drainage. Large irregularly-shaped open 

abscess with raised indurated erythematous edges along with bloody purulent drainage and necrotic 

debris at the base. 

Later on that same day, the patient had to be readmitted due to severe hypoxemia. Over the next 

two days, the patient's respiratory condition significantly improved while continuing the previous 

treatment, leading to a transfer to a medical floor. Histopathological analysis of the abdominal wound 

specimen revealed invasive fungal growth, strongly suggestive of mucormycosis. Considering the 

increasing prevalence and high mortality associated with CAM worldwide, the patient was initiated 

on a 3-week regimen of intravenous liposomal amphotericin B at a daily dose of 5 mg/kg. Regular 

monitoring of serum electrolytes and renal function was conducted, with adjustments made to the 

amphotericin B dosage as needed. An abdominal CT scan, with and without contrast, was performed 

to assess the extent of the infection. The findings indicated a significant open wound within the 

dermal and subcutaneous soft tissues, localized to the anterior abdominal wall, with no remaining 

drainable collection or abscess and no intra-peritoneal extension. Following unanimous 

recommendations from the multidisciplinary team, the patient underwent surgical debridement of 

the necrotic tissue in the wound. Subsequently, daily abdominal wound dressings with Eusol and 

magnesium sulfate were initiated, along with oral posaconazole at a dose of 300 mg twice daily. 

In the following weeks, the patient faced recurrent readmissions due to sepsis. A pus culture 

from the abdominal wound revealed multiple bacterial strains sensitive to several tested antibiotics. 

The patient was promptly started on appropriate antimicrobial agents. However, as there was limited 

clinical improvement, the possibility of a CMV infection was considered in the differential diagnosis. 

Subsequently, a positive PCR test confirmed the presence of CMV infection, likely associated with 

prior use of tocilizumab and corticosteroid therapy used to manage the initial COVID-19 infection. 
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Consequently, intravenous ganciclovir therapy was initiated. Despite aggressive treatment with both 

antifungal and antiviral therapies, the patient's clinical condition continued to deteriorate and 

ultimately resulted in a fatal outcome. 

3. Discussion 

While systemic corticosteroid treatment has proven effective in reducing mortality among 

individuals with the most severe forms of COVID-19, it also carries the risk of predisposing patients 

to secondary fungal infections, along with various immunological and clinical factors. Although the 

literature on COVID-19 secondary infections has primarily focused on COVID-19-associated 

pulmonary aspergillosis, it is important to acknowledge that other fungal super-infections, such as 

candida infections, rare mold infections like fusariosis, and CAM, are likely to be under-reported [13]. 

A recent analysis of both published and unpublished data reveals that CAM has made its presence 

felt in over 18 countries, including Pakistan, with a notable concentration of cases originating in India 

[13]. While precise statistics detailing the extent of CAM in Pakistan are yet to be confirmed 

definitively, there has been a marked and alarming increase in the number of cases, closely paralleling 

the trend observed in its neighboring nation [14]. 

Predisposing factors contributing to CAM include a post-COVID immunocompromised state, 

uncontrolled blood sugar levels, and prior corticosteroid therapy. Indeed, systemic corticosteroids 

have been recognized as a leading cause of drug-induced hyperglycemia. Individuals with diabetes 

and hyperglycemia frequently exhibit an inflammatory condition characterized by continuous 

recruitment and local activation of immune cells, such as macrophages and neutrophils. These 

immune cells release proinflammatory cytokines, sustaining persistent inflammation [15]. In these 

cases, the activation of antiviral immunity against SARS-CoV-2 could potentially enhance this 

inflammatory phenotype, thereby creating conditions conducive to secondary infections. Of note that 

iron serves as an indispensable element for the growth of Mucorales. During episodes of ketoacidosis, 

free iron becomes abundantly available in the bloodstream. This surplus endogenous iron is readily 

absorbed by Mucorales, thereby augmenting their virulence. Conditions like hemochromatosis and 

the use of iron chelators such as deferoxamine elevate the risk of mucormycosis. Our patient had 

poorly controlled blood sugar levels, and was pretreated with corticosteroids before manifesting 

symptoms of cutaneous mucormycosis [7]. As reported by Song G et al., severely ill COVID-19 

patients who require prolonged hospitalization, admission to the intensive care unit (ICU), or 

invasive mechanical ventilation are particularly vulnerable to invasive mycoses [16]. This aligns with 

our case, where our patient's deteriorating respiratory condition necessitated frequent readmissions, 

both in ICU and on the medical floor. 

While cutaneous mucormycosis typically does not necessitate an underlying compromised 

immune response, our patient exhibited significant immunosuppression, which could indicate an 

impending poor clinical outcome. Trauma or burns to the skin are commonly associated with 

cutaneous mucormycosis [5,9]. Interestingly, similar to the case report by Tambe RR et al. and the 

five cases described by Rrapi R et al., our patient denied any prior trauma history [17,18]. Therefore, 

it is conceivable that even mild skin trauma resulting from repeated subcutaneous insulin injections 

may be adequate to predispose patients to mucormycosis, particularly when coupled with concurrent 

immunosuppression. 

No biomarker currently exists for mucormycosis, making negative results for galactomannan 

and (1,3)-β-D-glucan assays unhelpful in ruling out the diagnosis. In the majority of cases, biopsy 

remains the primary diagnostic method. According to Rrapi R et al., persistent skin lesions in post-

COVID immunosuppressed patients without prior trauma are often initially misdiagnosed as 

superficial fungal infections, such as Candida intertrigo [18]. In such cases, it is imperative to 

promptly consider the possibility of cutaneous mucormycosis, using fungal cultures and direct 

microscopic analysis of tissue specimens, without delaying treatment while awaiting results [19]. The 

identification of thick, non-septated, ribbon-like fungal hyphae invading tissue and inducing necrosis 

and angioinvasion in tissue sections stained with hematoxylin-eosin, periodic acid-Schiff stain, and 

Grocott-Gomori's methenamine silver stain proves valuable in distinguishing a genuine infection 
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from tissue colonization. Moreover, the presence of an inflammatory reaction signifies that the 

organism represents an infection rather than a commensal presence [20]. An evaluation of the 

infection's extent using CT and/or magnetic resonance imaging (MRI) scans is crucial, given that 

disseminated mucormycosis, albeit the rarest form, carries the highest overall mortality [20,21]. 

Nevertheless, patients with localized infections require aggressive treatment as they can experience 

a substantial rate of morbidity and mortality if not diagnosed and treated promptly [22]. 

A multidisciplinary team approach is essential for optimizing the management of mucormycosis 

cases. Effective control of hyperglycemia and the avoidance of diabetic ketoacidosis are critical steps 

in preventing the progression of the disease. The use of high-dose corticosteroids, especially in poorly 

controlled diabetic patients, should be approached with caution. Even when indicated for severe 

COVID-19 cases, corticosteroid treatment should be administered judiciously, and unnecessary 

corticosteroid use in non-hypoxemic COVID-19 patients should be avoided. Effective management 

necessitates the combination of amphotericin B along with surgical debridement, a combination 

directly linked to significantly improved survival rates, whereas patients who do not receive 

treatment face nearly certain death [23]. Among the intravenous amphotericin B options, lipid-based 

preparations, such as the liposomal formulation administered to our patient, are favored over the less 

expensive but more toxic amphotericin B deoxycholate [24]. Despite aggressive surgical debridement 

and systemic antifungal therapy, mortality rates vary widely, ranging from 33.3% to 80%. In cases of 

disseminated disease with delayed intervention, mortality can reach up to 100% [20]. Posaconazole 

can be used as an alternative therapy or in combination with amphotericin B in refractory cases, 

although there is no strong evidence of its superiority, and further studies are required. Additionally, 

following the initial treatment, step-down therapy with posaconazole or isavuconazole may be 

considered, as was the approach taken in our patient's case [25]. 

While undergoing treatment for cutaneous mucormycosis, our patient was incidentally 

diagnosed with CMV co-infection. The differential diagnosis encompasses CMV co-infection due to 

the deteriorating clinical condition of the patient. A French retrospective analysis conducted by 

Simonnet A. et al. revealed that among 34 patients who received intensive care for COVID-19, five 

subsequently had PCR-confirmed CMV reactivation [26]. Individuals with underlying COVID-

induced immunosuppression, like our patient, and those who had received tocilizumab therapy are 

particularly susceptible to CMV reactivation [27]. In a case series by Kim M. et al., eleven patients 

experienced post-COVID CMV reactivation, with 4 having previously received tocilizumab, and all 

of them had received prolonged courses of intravenous corticosteroids [28]. However, among the 9 

patients who received intravenous ganciclovir therapy, seven ultimately succumbed, indicating a 

poor prognosis despite treatment. Conversely, Aldehaim AY et al. described a case of post-COVID 

CMV pneumonitis that responded successfully to ganciclovir treatment, ultimately leading to 

complete recovery [27]. Furthermore, a systematic review conducted by Wei LW et al. reported a 

mortality rate of 17.1% for cutaneous mucormycosis, which is notably lower than other types of 

mucormycosis [29]. Unfortunately, despite aggressive antiviral, antifungal, and surgical therapy, like 

in the majority of previously documented cases of post-COVID cutaneous mucormycosis and CMV 

reactivation, our patient passed away within 2 months from the original diagnosis [18,28,30]. 

Physicians should be aware of the increased risk of mucormycosis among COVID-19 patients. 

Prompt suspicion, early diagnosis, and timely treatment are vital factors for improving outcomes in 

affected individuals. 

4. Conclusion 

To the best of our knowledge, this represents the first documented case of CAM and CMV 

infection originating in Pakistan. Given the ongoing increase in the prevalence of these co-infections, 

it is crucial for clinicians to maintain vigilance and contemplate the potential occurrence of invasive 

fungal and viral infections in patients diagnosed with COVID-19 pneumonia. This is particularly 

important in individuals with predisposing factors such as COVID-19 treatment involving 

glucocorticoids and monoclonal antibodies, uncontrolled diabetes (particularly ketoacidosis), 
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prolonged neutropenia/lymphopenia, the administration of broad-spectrum antibiotics, as well as 

preexisting conditions like COPD, cancer, cystic fibrosis, and parenteral nutrition. 

Author Contributions: Conceptualisation, M.A.K., S.D. and S.B.; methodology, F.Z., S.S.P. and J.M.B.; 

investigation, M.A.K., F.Z. and J.M.B.; resources, S.S.P. and S.D.; data curation, S.S.P. and S.D.; writing—original 

draft preparation, M.A.K. and F.Z.; writing—review and editing, M.A.K., F.Z., S.S.P. and S.B.; supervision, S.D. 

and S.B.; project administration, S.S.P. and J.M.B. All authors have read and agreed to the published version of 

the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Ethical review and approval was waived for this study because this is a 

case report, authors only required information specific to the case in question. 

Informed Consent Statement: Written informed consent was obtained from the patient to publish this paper. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Sain, B.; Gupta, A.; Ghose, A.; Halder, S.; Bhattacharya, S.; Mondal, R.R.; Paul, S.; Are, C.; Boussios, S. 

Impact of COVID-19 on cancer services and patients' outcomes: a retrospective single-center study. Ann. 

Transl. Med. 2023, 11, 310. 

2. Revythis, A.; Shah, S.; Enyioma, S.; Ghose, A.; Patel, M.; Karathanasi, A.; Sanchez, E.; Boussios, S. The 

Experience of a Single NHS England Trust on the Impact of the COVID-19 Pandemic on Junior and Middle-

Grade Doctors: What Is Next? Int. J. Environ. Res. Public. Health. 2021, 18, 10413. 

3. Mahajan, I.; Ghose, A.; Gupta, D.; Manasvi, M.; Bhandari, S.; Das, A.; Sanchez, E.; Boussios, S. COVID-19, 

Mucormycosis and Cancer: The Triple Threat-Hypothesis or Reality? J. Pers. Med. 2022, 12, 1119. 

4. Sharma, E.; Revinipati, S.; Bhandari, S.; Thakur, S.; Goyal, S.; Ghose, A.; Bajpai, S.; Muhammad, W.; 

Boussios, S. Efficacy and Safety of COVID-19 Vaccines-An Update. Diseases. 2022, 10, 112. 

5. Yasmin, F.; Najeeb, H.; Naeem, A.; Dapke, K.; Phadke R, Asghar, M.S.; Shah, S.M.I.; De Berardis, D.; Ullah, 

I. COVID-19 Associated Mucormycosis: A Systematic Review from Diagnostic Challenges to Management. 

Diseases. 2021, 9, 65. 

6. Singh, A.K.; Singh, R.; Joshi, S.R.; Misra, A. Mucormycosis in COVID-19: A systematic review of cases 

reported worldwide and in India. Diabetes. Metab. Syndr. Clin. Res. Rev. 2021, 15, 102146. 

7. Banerjee, N.; Lodha, M.; Kompally, P.; Chawla, S. Post-COVID-19 Intestinal and Mesenteric Mucormycosis. 

Am. Surg. 2023, 89, 2770–2773. 

8. Gupta, R.; Kesavadev, J.; Krishnan, G.; Agarwal, S.; Saboo, B.; Shah, M.; Mittal, A.; Durani, S.; Luthra, A.; 

Singhal, A.; et al. COVID-19 associated mucormycosis: A Descriptive Multisite Study from India. Diabetes. 

Metab. Syndr. 2021, 15, 102322. 

9. Skiada, A.; Rigopoulos, D.; Larios, G.; Petrikkos, G.; Katsambas, A. Global epidemiology of cutaneous 

zygomycosis. Clin. Dermatol. 2012, 30, 628–632. 

10. Abdoli, A.; Falahi, S.; Kenarkoohi, A. COVID-19-associated opportunistic infections: a snapshot on the 

current reports. Clin. Exp. Med. 2022, 22, 327–346. 

11. Thota, D.R.; Ray, B., Hasan, M., Sharma, K. Cryptococcal meningoencephalitis during convalescence from 

severe COVID-19 pneumonia. Neurohospitalist. 2022, 12, 96–99. 

12. Ananthegowda, D.C.; Khatib, M.Y.; Ali, H.S.; Al Wraidat, M.; Imam, Y. Cytomegalovirus 

meningoencephalitis in a case of severe COVID-19 Pneumonia. A case report. IDCases. 2021, 26, e01346. 

13. Hoenigl, M.; Seidel, D.; Carvalho, A.; Rudramurthy, S.M.; Arastehfar, A.; Gangneux, J.P.; Nasir, N.; Bonifaz, 

A.; Araiza, J.; Klimko, N.; et al. The emergence of COVID-19 associated mucormycosis: a review of cases 

from 18 countries. Lancet. Microbe. 2022, 3, e543–e552. 

14. Asri, S.; Akram, M.R.; Hasan, M.M.; Asad Khan, F.M.; Hashmi, N.; Wajid, F.; Ullah, I. The risk of cutaneous 

mucormycosis associated with COVID-19: A perspective from Pakistan. Int. J. Health. Plann. Manage. 2022, 

37, 1157–1159. 

15. Morales-Franco, B.; Nava-Villalba, M.; Medina-Guerrero, E.O.; Sánchez-Nuño, Y.A.; Davila-Villa, P.; 

Anaya-Ambriz, E.J.; Charles-Niño, C.L. Host-Pathogen Molecular Factors Contribute to the Pathogenesis 

of Rhizopus spp. in Diabetes Mellitus. Curr. Trop. Med. Rep. 2021, 8, 6–17. 

16. Song, G.; Liang, G.; Liu, W. Fungal Co-infections Associated with Global COVID-19 Pandemic: A Clinical 

and Diagnostic Perspective from China. Mycopathologia. 2020, 185, 599–606. 

17. Tambe, R.R.; Hinduja, A.; Sunil, S.; Varaiya, A.; Joshi, A. Cutaneous Mucormycosis in a Patient of Severe 

COVID-19 Pneumonia: A Rarer than Rare Case Report. Indian. J. Crit. Care. Med. 2021, 25, 1318–1319. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 November 2023                   doi:10.20944/preprints202311.0091.v1

https://doi.org/10.20944/preprints202311.0091.v1


 7 

 

18. Rrapi, R.; Chand, S.; Gaffney, R.; Lo, J.A.; Smith, J.S.; Xia, F.D.; Chen, S.T.; Duncan, L.M.; Foreman, R.K.; 

Hartman, R.I.; et al. Cutaneous mucormycosis arising in the skin folds of immunocompromised patients: 

A case series. JAAD. Case. Rep. 2021, 17, 92–95. 

19. Castrejón-Pérez, A.D.; Welsh, E.C.; Miranda, I.; Ocampo-Candiani, J.; Welsh, O. Cutaneous mucormycosis. 

An. Bras. Dermatol. 2017, 92, 304–311. 

20. Cornely, O.A.; Alastruey-Izquierdo, A.; Arenz, D.; Chen, S.C.A.; Dannaoui, E.; Hochhegger, B.; Hoenigl, 

M.; Jensen, H.E.; Lagrou, K.; Lewis, R.E.; et al. Global guideline for the diagnosis and management of 

mucormycosis: an initiative of the European Confederation of Medical Mycology in cooperation with the 

Mycoses Study Group Education and Research Consortium. Lancet. Infect. Dis. 2019, 19, e405–e421. 

21. Spellberg, B.; Edwards, J. Jr.; Ibrahim, A. Novel perspectives on mucormycosis: pathophysiology, 

presentation, and management. Clin. Microbiol. Rev. 2005, 18, 556–569. 

22. Chamilos, G.; Lewis, R.E.; Kontoyiannis, D.P. Delaying amphotericin B–based frontline therapy 

significantly increases mortality among patients with hematologic malignancy who have zygomycosis. 

Clin. Infect. Dis. 2008, 47, 503–509. 

23. Sipsas, N.V.; Gamaletsou, M.N.; Anastasopoulou, A.; Kontoyiannis, D.P. Therapy of Mucormycosis. J. 

Fungi. (Basel). 2018, 4, 90. 

24. Honavar, S.G. Code Mucor: Guidelines for the Diagnosis, Staging and Management of Rhino-Orbito-

Cerebral Mucormycosis in the Setting of COVID-19. Indian. J. Ophthalmol. 2021, 69, 1361–1365. 

25. Mucormycosis (Zygomycosis). Up to Date. Available online: 

https://www.uptodate.com/contents/mucormycosis-zygomycosis (accessed on 03 September 2023). 

26. Simonnet, A.; Engelmann, I.; Moreau, A.S.; Garcia, B.; Six, S.; El Kalioubie, A.; Robriquet, L.; Hober, D.; 

Jourdain, M. High incidence of Epstein-Barr virus, cytomegalovirus, and human-herpes virus-6 

reactivations in critically ill patients with COVID-19. Infect. Dis. Now. 2021, 51, 296–299. 

27. Aldehaim, A.Y.; Alfaifi, A.M.; Hussain, S.N.; Alrajhi, A.M. Cytomegalovirus pneumonitis amid COVID-19 

chaos: the hidden enemy-a case report. J. Med. Case. Rep. 2022, 16, 58. 

28. Kim, M.; Jacob, J.; Mayer, D.; Eckardt, P.A. Cytomegalovirus reactivation in critically-ill Coronavirus 

Disease 2019 patients: A case series of 11 patients. IDCases. 2022, 27, e01402.  

29. Wei, L.W.; Zhu, P.Q.; Chen, X.Q.; Yu, J. Mucormycosis in Mainland China: A Systematic Review of Case 

Reports. Mycopathologia. 2022, 187, 1–14. 

30. Khatri, A.; Chang, K.M.; Berlinrut, I.; Wallach, F. Mucormycosis after Coronavirus disease 2019 infection 

in a heart transplant recipient - Case report and review of literature. J. Mycol. Med. 2021, 31, 101125. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 November 2023                   doi:10.20944/preprints202311.0091.v1

https://doi.org/10.20944/preprints202311.0091.v1

