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ABSTRACT 

 

 
Background and Objectives: To explore the prevalence and characteristics of secondary bacterial infections among patients 

suffering from mucormycosis following COVID-19 infection. 

Materials and Methods: We conducted a cross-sectional, retrospective analysis from March 2020 to April 2022 at Imam 

Khomeini Hospital Complex in Tehran. The study included patients with histopathologically confirmed mucormycosis and 

documented secondary bacterial infections. We extracted and analyzed data from hospital records using SPSS software, 

version 26. 

Results: The study comprised 27 patients, with a predominance of females (70.4%) and an average age of 56 years. The 

majority of these patients (63%) had pre-existing diabetes mellitus. The severity of their COVID-19 infections varied. Treat- 

ment regimens included immunosuppressive drugs and antibiotics. Rhinocerebral mucormycosis was the most common form 

observed. The predominant secondary infections involved the urinary tract, respiratory system, bloodstream (bacteremia), 

and soft tissues, with resistant strains of Acinetobacter baumannii, Escherichia coli, and Klebsiella pneumoniae being the 

most frequently identified microorganisms. Notably, cases of bacteremia and pneumonia exhibited a higher mortality rate. 

Ultimately, 55.6% of patients were discharged, while 44.4% succumbed to their infections. 

Conclusion: Patients recovering from COVID-19 with mucormycosis are significantly susceptible to secondary bacterial 

infections, particularly those with diabetes mellitus or those undergoing immunosuppressive therapy. Such infections com- 

pound the morbidity and mortality risks in this vulnerable patient cohort. 
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INTRODUCTION 

 
Despite  growing  understanding  of  COVID-19 

and its complications, the exploration of secondary 

bacterial infections in patients with mucormycosis, 

a serious post-COVID-19 complication, remains in- 

adequately addressed. The incidence of these super- 

infections varies widely, reported between 5% and 
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27% across various studies (1), indicating a signifi- 

cant threat to patient recovery. Notably, the co-oc- 

currence of COVID-19 with bacterial and fungal 

infections spans a wide range, from 50% to as high 

as 100% in certain studies, highlighting the critical 

impact of such infections on patient survival rates 

(2, 3). 

A concerning trend is the substantial occurrence 

of secondary bacterial infections, found in over 40% 

of patients according to research conducted in Chi- 

na (4). Fungal infections, particularly mucormycosis 

and Rhizopus, which were traditionally associated 

with severe immune deficiencies, have now been fre- 

quently observed in COVID-19 patients (5). The rise 

in fungal infections, especially among those hospi- 

talized in intensive care units, underscores an emerg- 

ing crisis (6). This trend is alarmingly evident in In- 

dia and South Asian countries, which have reported 

the highest numbers of mucormycosis cases in the 

context of COVID-19, with India alone recording 

over 41,000 cases and more than 3,200 deaths related 

to this fungal infection (4-6). 

The vulnerability of COVID-19 patients to such 

infections can be partly attributed to the impairment 

of the immune system, characterized by a significant 

reduction in lymphocytes, notably T-lymphocytes 

(7). The situation is exacerbated for critically ill pa- 

tients who receive immunosuppressive drugs and 

broad-spectrum antibiotics, further weakening their 

immune defenses (8). 

The pivotal role of rapid and timely diagnosis in re- 

ducing mortality rates and healthcare costs cannot be 

overstated (9). According to the Centers for Disease 

Control and Prevention (CDC), the average survival 

rate for mucormycosis patients hovers around 54%, 

although this figure varies based on the type of mi- 

croorganism and the patient's overall condition, with 

a range from 0% to 50% (10). 

This patient cohort faces increased mortality risk 

due to various factors, including rapid progression of 

infection, significant immunosuppression, and high- 

risk comorbidities such as diabetes mellitus and kid- 

ney failure. Additionally, the lack of positive results 

in blood cultures or KOH smears in fungal diseases 

often leads to delayed diagnoses, compounding the 

risk of mortality. These challenges are particularly 

pronounced among critically ill patients, highlight- 

ing an urgent need for focused research (11). 

Given the paucity of research on bacterial super- 

infections and their associated risk factors in post- 

COVID-19 mucormycosis patients, our study seeks 

to fill this gap by investigating the prevalence and 

types of secondary bacterial infections in this vul- 

nerable patient population. 
 

 
 

MATERIALS AND METHODS 

 
A cross-sectional retrospective analysis was con- 

ducted at Imam Khomeini Hospital Complex, Tehran, 

from March 2020 to April 2021. This study focused 

on 27 patients who were diagnosed with mucormy- 

cosis  post-COVID-19, confirmed via  histopatholo- 

gy from biopsy samples, and who subsequently de- 

veloped secondary bacterial infections. Eligibility 

criteria required participants to be aged 18 years or 

older. Patients with fungal infections other than mu- 

cormycosis or with incomplete medical records were 

excluded from the study. 

Data collection included demographic details (age, 

gender), clinical signs and symptoms at the time of 

admission, biopsy pathology results, the interval be- 

tween COVID-19 infection and mucormycosis di- 

agnosis, underlying health conditions (e.g., diabetes 

mellitus), and antibiotic treatments. Laboratory tests 

assessing microbial sensitivity and resistance were 

also reviewed. 

A specialized questionnaire, designed by our re- 

search team, was utilized to gather data. Information 

recorded during the hospital stay covered catheter-re- 

lated infections, pneumonia, urinary tract infections, 

abdominal infections, and skin infections. Microbio- 

logical analysis focused on the site of infection, iden- 

tification of microorganisms, and antibiogram results. 

Mortality rates and lengths of stay in the intensive 

care unit (ICU) were documented, with data sourced 

from Imam Khomeini Hospital's medical records and 

electronic patient databases. 

This methodological approach was intended to of- 

fer  a  comprehensive  evaluation  of  the  prevalence 

and characteristics of secondary bacterial infections 

in patients with post-COVID-19 mucormycosis, con- 

tributing insights for better management and progno- 

sis of these conditions. 

Ethical clearance for this study was obtained from 

the Ethics Committee of Tehran University of Medi- 

cal Sciences, with all participants providing informed 

consent prior to inclusion. The research was conduct- 

ed in accordance with the ethical principles of the 

1964 Declaration of Helsinki, as amended in 2000 
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(Ethics code: IR.TUMS.IKHC.REC.1401.065). 

Data were analyzed using SPSS software, version 

26. Quantitative data following a normal distribution 

were summarized as mean ± standard deviation (SD), 

while qualitative data were presented as frequency 

(%). The Chi-Squared test was applied to qualitative 

variables, and the Student's t-test was used for ana- 

lyzing continuous quantitative variables with normal 

distributions. Statistical significance was set at p < 

0.05 for all analyses. 
 

 
 

RESULTS 

 
In a comprehensive analysis of 27 COVID-19 pa- 

tients,  we  observed  a  varied  demographic  profile: 

70.4% (19 patients) were female, and 29.6% (8 pa- 

tients) were male, with an age range from 20 to 84 

years. The mean age was 56 (Table 1). Notably, a sig- 

nificant portion of the cohort, 63% (17 patients), pre- 

sented with diabetes mellitus (DM) as a pre-existing 

comorbidity. 

 
Table 1. Demographic characteristics and risk factors of patients 

Our examination of COVID-19 severity in hospi- 

talized patients revealed that 51.9% exhibited mild 

symptoms, 25.9% severe symptoms, and 22.2% mod- 

erate symptoms. It was observed that patients typi- 

cally developed signs of secondary bacterial infec- 

tions approximately 12.7 days following the onset of 

COVID-19. 

With respect to treatment, immunotherapy, specif- 

ically  tocilizumab,  was  administered  to  48.1%  of 

the cases. Antibiotic therapy, with azithromycin as 

the predominant choice, was prescribed to 40.7% of 

the patients. The employment of dexamethasone and 

remdesivir was also significant, representing 37% and 

29.6% of the treatment protocols, respectively. Addi- 

tional treatments included methylprednisolone, pred- 

nisolone, favipiravir, and tocilizumab, tailored to the 

individual needs of the patients (Table 1). 

Statistical analysis highlighted a significant associ- 

ation between the mortality rate and the type of sec- 

ondary bacterial infection (P-value = 0.001). A nota- 

bly high mortality rate was observed in patients with 

bacteremia (83.3%, 5 patients) and pneumonia (80%, 

 

Variables Number (n) = 27 Percent Total 
Gender Male 8 (29.6%) 27 (100%) 

 Female 19 (70.4%)  
Prognosis Discharge 15 (55.6%) 27 (100%) 

 Death 12 (44.4.%)  
Underlying Disease Diabetes mellitus 17 (62.9%) 17 (62.9%) 
COVID-19 severity Mild 14 (51.9%) 27 (100%) 

 Moderate 6 (22.2%)  
 Severe 7 (25.9)  
Immunosuppressive drug for COVID-19 treatment Dexamethasone 9 (33.3%) 13 (48.1%) 

 Prednisolone 6 (22.2%)  
 Tocilizumab 1 (3.7%)  
Antibiotics Azithromycin 7 (25.9%) 11 (40.7%) 

 Ceftriaxone 3 (11.1%)  
 Clindamycin 2 (7.5%)  
 Vancomycin 1 (3.7%)  
 Meropenem 1 (3.7%)  
Biologic drug for underlying disease Cellcept 2 (7.5%) 2 (7.5%) 
Syndromes UTI 9 (33.3%) 9 (33.3%) 

 Pneumonia 7 (25.9%) 7 (25.9%) 

 Bacteremia 6 (22.2%) 6 (22.2%) 

 Cellulitis 4 (14.8%) 4 (14.8%) 

 Brain abscess 1 (3.7%) 1 (3.7%) 

 Meningitis 1 (3.7%) 1 (3.7%) 

 Maxillary sinusitis 1 (3.7%) 1 (3.7%) 
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4 patients). Conversely, no fatalities were reported in 

patients with urinary tract infections and soft tissue 

infections, indicating that specific secondary infec- 

tions may significantly influence COVID-19 patient 

outcomes (Table 2). The specific prevalence rates and 

percentages of bacterial species in blood culture pro- 

files of key pathogens include Acinetobacter bauman- 

nii (5 patients, 18.5%), Escherichia coli (7 patients, 

25.9%), Klebsiella pneumoniae (4 patients, 14.8%), 

Pseudomonas aeruginosa (3 patients, 11.1%), Entero- 

bacteriaceae (4 patients, 14.8%), and Staphylococcus 

aureus (2 patients, 7.4%). 

We have included three additional graphs to clear- 

ly illustrate the distribution of secondary infections, 

treatment regimens, and mortality rates. Clinically, a 

significant proportion of patients (70.4%) presented 

with visual and eye disorders, including symptoms 

like  eye  swelling,  secretions,  reduced  vision,  and, 

in one  case,  blindness. Additional  common  symp- 

toms reported were facial numbness and headaches, 

emphasizing  the  diverse  clinical  manifestations of 

COVID-19 (Fig. 1). 

In terms of mucormycosis types, our study identified 

rhino-orbital mucormycosis as the most common, fol- 

lowed by rhino-orbital-cerebral and orbital mucormy- 

cosis. Less frequently observed types were rhino-ce- 

rebral and pulmonary mucormycosis. For these con- 

ditions, liposomal amphotericin B was the preferred 

treatment (Fig. 2). 

 

 
 

 
Fig. 1. Prevalence of complications of the disease in patients 

with secondary infection 
 

 

 
 
Fig.   2.   The   prevalence   type   of   mucormycosis   post 

COVID-19 patients 
 

 
 

Table 2. Comparison of the significance level of different variables with secondary bacterial infections in patients 

 
Variable Secondary Bacterial Infection p-value 

 

 Bacteremia UTI cellulitis pneumonia  
Covid-19 Severity Moderate 4 (66.7%) 8 (100%) 3 (100%) 2 (40%) 0.61 

 Severe 2 (33.3%) 0 (0%) 0 (0%) 3 (60%)  
Mortality Discharge 1 (16.7%) 8 (100%) 3 (100%) 1 (20%) 0.001 

 Death 5 (83.3%) 0 (0%) 0 (0%) 4 (80%)  
Receiving Antibiotics Yes 2 (33.3%) 4 (50%) 1 (33.3%) 2 (40%) 0.97 

 No 4 (66.7%) 4 (50%) 2 (66.7%) 3 (60%)  
Underlying Diabetes Positive 3 (50%) 5 (62.5%) 3 (100%) 3 (60%) 0.65 

 Negative 3 (50%) 3 (37.5%) 0 (0%) 2 (40%)  
Receiving Immunosuppressive Medication Yes 3 (50%) 3 (37.5%) 1 (33.3%) 3 (60%) 0.97 

 No 3 (50%) 5 (62.5%) 2 (66.7%) 2 (40%)  
Dexamethasone Yes 2 (33.3%) 3 (37.5%) 0 (0%) 2 (40%) 0.87 

 No 4 (66.7%) 5 (62.5%) 3 (100%) 3 (60%)  
Methylprednisolone Positive 1 (16.7%) 0 (0%) 1 (33.3%) 2 (40%) 0.29 

 Negative 5 (83.3%) 8 (100%) 2 (66.7%) 3 (60%)  
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DISCUSSION 

 
Our investigation into the prognosis of mucormy- 

cosis post-COVID-19, particularly in patients devel- 

oping bacterial superinfections, sheds light on an 

area not extensively explored in medical research. 

Analysis of 27 patients revealed a predominant fe- 

male demographic (70.4%) with an average age of 56. 

A notable finding was the 13-day interval between 

COVID-19 contraction and the emergence of bacte- 

rial or fungal infections. Significantly, 63% of these 

patients had pre-existing diabetes mellitus (DM), un- 

derscoring the interplay between chronic conditions 

and acute infectious complications. 

The augmented risk of fungal infections such as 

mucormycosis in COVID-19 patients, attributed to 

the widespread application of immunosuppressive 

and glucocorticoid treatments, resonates with our 

findings. This risk escalates particularly in patients 

with DM, hematological cancers, or those receiving 

chemotherapy, aligning with observed trends in Asia 

where DM is more prevalent compared to the West- 

ern prevalence of conditions like hematological can- 

cers and organ transplants (4). 

Echoing the complexity of managing mucormyco- 

sis, as illustrated by Garg et al. in a case involving 

DM and end-stage renal disease (12), our study found 

a significant portion of patients (70%) experiencing 

visual disturbances, with nearly half facing mortali- 

ty. This highlights the severe impact of co-infections 

on patient outcomes. 

The isolation of multidrug-resistant Acinetobacter 

(MDR) as a common pathogen in our cohort, partic- 

ularly lethal, mirrors broader concerns about antibi- 

otic resistance. Falcone's observations of secondary 

infections in hospitalized COVID-19 patients, em- 

phasizing the complications arising from broad-spec- 

trum antibiotics and immunosuppressives, support 

our findings (5). The congruence with Selarka et al.'s 

study, emphasizing the DM prevalence among mu- 

cormycosis patients and its correlation with higher 

mortality rates (13), further validates our results. 

Sharma's review, identifying DM as a pivotal risk 

factor for mucormycosis, is echoed across multiple 

studies, reinforcing the critical nature of this comor- 

bidity (12-15). 

Our study identified rhino-orbital mucormycosis 

as the most prevalent form, a trend also observed by 

Singh AK in India (16), while Mehta's in-depth case 

study  on  rhino-orbital  mucormycosis  (17),  under- 

scores the challenges in managing such infections. 

The  significant detection  of  MDR  Acinetobacter, 

Klebsiella pneumoniae, and Escherichia coli, akin to 

findings by Meaved et al. in critically ill COVID-19 

patients, alongside Garcia Vidal's research, illustrates 

the diverse microbial landscape in these patients (14). 

These study findings underscore the urgent need for 

tailored treatment strategies for post-COVID-19 mu- 

cormycosis patients, especially those with diabetes 

mellitus. Early identification and treatment of sec- 

ondary bacterial infections could be critical in reduc- 

ing mortality rates. 

A limitation of this study is its small sample size 

and focus on patients with preexisting diabetes mel- 

litus. Future research should investigate a broader 

patient population and develop specific management 

strategies for the resistant pathogens identified in this 

study. 
 

 
 
CONCLUSION 

 
Based on our findings, we recommend close mon- 

itoring  of  post-COVID-19  mucormycosis  patients 

for secondary bacterial infections, particularly those 

with diabetes mellitus. Additionally, adjustment of 

treatment protocols to include surveillance strategies 

for resistant bacterial strains is necessary. 
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