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ABSTRACT In the second wave of COVID-19 in India, there was a new challenge in
the form of mucormycosis. Coinfection with mucormycosis was perilous as both con-
ditions required a prolonged hospital stay, thus serving as an ideal platform for sec-
ondary infections. Using a retrospective observational study, we studied secondary
infections and their impact on the outcome in COVID-19 patients with mucormyco-
sis. The outcome in these patients was evaluated and compared with COVID-19
patients with mucormycosis but without any secondary infection. SPSS V-20 was
used for data analysis. Fifty-five patients tested positive for mucormycosis (55/140;
39.28). Twelve out of these 55 (21.8%) developed secondary infections during their
hospital stay. Bloodstream infection was the most common (42.86%) secondary
infection. The Gram-negative (GN) organisms were more common (11/16; 68.75%)
compared with the Gram-positives (GP) (5/16; 31.25%). But the most common isolate
was Enterococcus faecium (5/16; 31.25%). A high percentage of microorganisms iso-
lated were multidrug-resistant (15/16; 93.75%). Two out of five (40%) isolates of
Enterococcus faecium were vancomycin-resistant (VRE). High resistance to carbape-
nems was noted in the GN isolates (9/11; 81.81%). The comparison of length of stay
in both subgroups was statistically significant (P value ,0.001). When compared, the
length of stay in people with adverse outcomes was also statistically significant (P
value ,0.001). Procalcitonin (PCT) had a positive predictive value for the develop-
ment of secondary bacterial infections (P value ,0.001). Antimicrobial stewardship
and strict infection control practices are the need of the hour.

IMPORTANCE Although our knowledge about COVID-19 and secondary infections in
patients is increasing daily, little is known about the secondary infections in COVID-
19-mucormycosis patients. Thus, we have intended to share our experience regard-
ing this subgroup. The importance of this study is that it brings to light the type of
secondary infections seen in COVID-19-mucormycosis patients. These secondary
infections were partially responsible for the mortality and morbidity of the unfortu-
nate ones. We, as health care workers, can learn the lesson and disseminate the
knowledge so that in similar situations, health care workers, even in other parts of
the world, know what to expect.
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Since the pandemic began, the world has come to a standstill and is still reeling under
the consequences. Globally, as of March 9, 2022, there have been 448,313,293 con-

firmed cases of COVID-19, including 6,011,482 deaths (1). However, not all deaths can be
attributed primarily to SARS-CoV-2; COVID-19 has been known to cause many symptoms
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and complications that, along with secondary infections, have contributed significantly to
this number (2, 3).

Hospital beds were scarce during the second wave of COVID-19 in India due to a
sudden enormous surge of cases. Along with an increase in the number in severe
cases, we had a new challenge in the form of mucormycosis. It was declared a notifi-
able disease on May 19, 2021, by the Central government of India under the Epidemic
Diseases Act of 1897. Mucormycosis rarely causes infection in immunocompetent
hosts. In susceptible hosts, it causes an angio-invasive, rapidly progressing, potentially
life-threatening condition requiring emergency and aggressive management to mini-
mize morbidity and avoid mortality.

The immune system in COVID-19-positive patients is dysregulated with severe
inflammation, requiring immune-suppressant drugs, including corticosteroids, to man-
age the infection, which prevents the phagocytic cells of our immune system from
attacking the fungus. Diabetes mellitus is a common and well-known risk factor for
mucormycosis. COVID-19 is known to cause a state of iron overload and is associated
with high blood sugar levels. All these factors may presumably be responsible for the
surge in mucormycosis (4, 5). COVID-19 with mucormycosis is double trouble, requiring
extended hospital stays. This setting provides an ideal platform for secondary infec-
tions. We witnessed a sudden surge of cases during India's second wave of COVID-19
(from the end of March 2021 until June 2021). Concomitantly, there was a massive
surge of COVID-19 patients that had mucormycosis. This study reports the profile of
secondary bacterial infections in COVID-19 cases with mucormycosis.

RESULTS

In our study, 184 samples were received in our laboratory from patients suspected to
have mucormycosis, details in Table 1 and Fig. 1. Of these, 64 samples from 55 patients
were positive for mucormycosis, and these 55 people were included in our study (nine
were repeat samples and therefore excluded). Of these, 37 were positive by potassium hy-
droxide (KOH), three by culture only, and 24 by KOH and culture (Fig. 2). The culture was
positive in 42.18% (n = 27) cases. Lactophenol cotton blue staining of the teased growth
from positive cultures was done to aid identification (Fig. 3).

Patients with mucormycosis were aged from 28 to 76 years (median age, 51.6 years).
The gender-based distribution was 4.6:1, with males being predominant. All but three
samples were from suspected cases of rhino-orbital mucormycosis; three samples were
from one single patient of suspected pulmonary mucormycosis.

The most common species identified in our set-up was Rhizopus (25/27; 92.6%), fol-
lowed by one case of each Rhizomucor (1/27; 3.7%) and Mucor (1/27; 3.7%) species. The
most common isolate identified as Rhizopus arrhizus (20/27; 74.07%).

These 55 patients who tested positive for mucormycosis were evaluated further for
secondary infection. All of the 55 patients were known to have diabetes mellitus and
received corticosteroids to manage their COVID-19 infection.

Secondary bacterial infections. A total of 109 bacterial culture samples from 44
patients were received in our lab for microbiological evaluation. Fourteen samples
from 12 patients were positive for bacterial pathogens. See Fig. 4 for details.

Twelve out of the total 55 (21.8%) people with mucormycosis developed secondary
infections during their stay in the hospital. Six out of these 14 positive cultures were of

TABLE 1 Sample wise distribution for mucormycosis

Sample type Total samples Positive samples
Tissue/turbinate biopsy 103 51
High nasal swabs 47 7
Nasal/palatal crusts 31 6
Sputum 3 0
Total 184 64
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blood (6/14; 42.86%), followed by respiratory (3/14; 21.43%), pus (3/14; 21.43%), and
urine (2/14; 14.29%) (Table 2). The mean age was 48.1 (range 27 to 74 years). Seven
were males and five were females. Three patients had a polymicrobial infection; details
are given in Table 3. Among the polymicrobial infections, two were bloodstream infec-
tions, and the third was pus samples from a surgical debridement wound. E. faecium
was isolated from all three samples of polymicrobial infection. E. faecium was isolated
along with Candida rugosa in one of these polymicrobial bloodstream infections.

One patient had two different infections during his hospital stay, bloodstream and
respiratory, different microorganisms isolated from both the samples. Thus, we identi-
fied 16 bacterial isolates, details given in Tables 4 and 5.

Overall, Gram-negative (GN) organisms were more common causative agents
(11/16; 68.75%) in comparison with Gram-positives (GP) (5/16; 31.25%). However, the
most common organism isolated was Enterococcus faecium (5/16; 31.25%), two from
blood, two from urinary samples, and one from pus (Table 1). The following common

FIG 1 Flowchart depicting the samples received from suspected mucormycosis patients.

FIG 2 Mucormycosis diagnosis by various methods.
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organisms were Klebsiella pneumonia (4/16; 25%), one from blood, three from pus; and
Escherichia coli (4/16; 25%), one from blood, two from respiratory samples, and one
from pus. Fifteen out of the total 16 isolates were multidrug resistant (MDR).

Acinetobacter baumannii and E. faecium were the most common isolates in blood-
stream infections, two out of seven.

Gram-negative organisms and their susceptibility profile. Eleven out of 16 iso-
lates were GN, the most common being K. pneumonia (n = 4) along with E. coli (n = 4), A.
baumannii (n = 2), and Pseudomonas aeruginosa (n = 1). All 11 GN isolates were resistant
to ceftriaxone and aztreonam and sensitive to colistin. High resistance to carbapenems
was noted, with nine out of 11 isolates (81.81%) resistant. Three out of four isolates of K.
pneumoniae were resistant to carbapenem (75%). Both the isolates of A. baumannii were
resistant to carbapenems (100%), and the single isolate of Pseudomonas aeruginosa was
also resistant to carbapenems. Three out of 11 GN strains were resistant to tigecycline, all
three being carbapenem-resistant K. pneumoniae (CRKP).

The fatal outcomes seen in this subgroup were all infected with carbapenem-re-
sistant strains. Two patients with CRKP, one with carbapenem-resistant A. baumannii
(CRAB) and one who had a polymicrobial infection, were infected with carbapenem-
resistant P. aeruginosa (CRPA) along with vancomycin-sensitive E. faecium (patients 3,
5, 7, 8 in Tables 4 and 6).

Gram-positive isolates and their susceptibility profile. All five isolates of the GP
organism were E. faecium. Four of these five isolates were MDR, and two out of them
were vancomycin-resistant (details of patients in Table 5). All five isolates were sensi-
tive to linezolid and tigecycline. Three isolates were susceptible to high-level aminogly-
cosides. One isolate was susceptible to all drugs except erythromycin, isolated from
bloodstream infection from a 33-year-old female, along with P. aeruginosa; this patient

FIG 3 Rhizopus arrhizus seen in LPCB Mount, total magnification �100.
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succumbed while in intensive care units (ICUs). Two fatalities (2/5; 40%), patients 7 and
11, were seen in patients infected with Enterococci (Table 5).

Mucormycosis patients with and without secondary infection. The mean age of
the people who developed secondary infection was 48.1, and 50.7 for those who did
not develop a secondary infection (P value 0.570). Gender-wise distribution (male:
female) was 1.4:1 and 5.33:1 for the two groups, respectively (P value 0.145).

Twelve out of 55 (21.8%) patients with mucormycosis developed secondary infec-
tions after an average length of stay of 38.33 days. Meanwhile, 43 (78.1%) patients with
mucormycosis did not develop secondary infections; their average length of stay being
15.12 days (P value ,0.001). The average duration of stay in patients developing sec-
ondary infection was more than twice that of those not developing a secondary infec-
tion and was statistically significant (Table 7).

Five out of 12 (41.67%) patients who had developed a secondary infection suc-
cumbed after an average length of stay of 21.33 days, the most common cause of
death being a septic shock. Eight out of 43 (18.6%) without any secondary infection
succumbed, at an average stay of 9.12 days in the hospital (P value ,0.001). The cause
of death was multifactorial, including cardiac arrest, severe refractory COVID-19 acute
respiratory distress syndrome, and severe metabolic acidosis.

FIG 4 Flowchart depicting the samples received for bacterial culture from patients of mucormycosis.

TABLE 2 Sample wise distribution for secondary bacterial infections

Sample type Total samples Positive samples
Blood 47 6
Respiratory 33 3
Pus 11 3
Urine 18 2
Total 109 14
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Viral markers.We received samples of viral markers from nine patients for hepatitis B
surface antigen (HbsAg) and antibodies for hepatitis C and HIV. All patients were nonreac-
tive for all viral markers. Only one patient among the mucormycosis-positive patients was
a case of chronic hepatitis B, not on medication and not tested in our laboratory (patient
1). She subsequently developed secondary bloodstream infection by MDR E. coli. Despite
having multiple comorbidities, she was discharged after successfully recovering.

Biomarkers.We evaluated the procalcitonin (PCT) and C-reactive protein (CRP) val-
ues in patients with secondary infection. The sampling date was the same as the micro-
biological sample date; the mean PCT was 24.4 ng/mL, and 242.04 was the mean CRP
value. Mean procalcitonin levels in patients with bloodstream infection was 43.13 ng/
mL. PCT in patients without any secondary infection was 0.28 ng/mL, whereas the lev-
els in patients developing secondary infection were 24.4 ng/mL with the onset of sec-
ondary infection (P value ,0.001). Prior to developing secondary infection, the mean
PCT was ,0.15 ng/mL which increased to 24.4 ng/mL afterwards (P value ,0.001). CRP
levels in patients without secondary infection were 184.89, and in patients with sec-
ondary infection were 242.04. CRP was constantly elevated. No significant difference
was noted between both groups (P value 0.232) (please see Table 7).

DISCUSSION

Rhino-orbital is the most common type of mucormycosis worldwide (6). In our
study, 54 patients were cases of rhino-orbital mucormycosis, and one patient had pul-
monary mucormycosis. Rhizopus species is the predominant agent causing mucormy-
cosis, with Rhizopus arrihzus being the most common species isolated (7). Our findings
are similar, with Rhizopus arrihzus being isolated in 74.07% of culture-positive cases.

Studies have shown a high association between mucormycosis developing in
COVID-19 patients and diabetes mellitus and corticosteroids (6–9). In our study, all
infected patients were known cases of diabetes mellitus and had a history of cortico-
steroid usage during the management of COVID-19 infection.

Mucormycosis is a life-threatening disease requiring urgent management, so a posi-
tive KOH mount in a suspected case is a go-ahead sign for managing these patients.
Culture is less sensitive; positivity is seen in about 40% of cases (10). Thus, waiting for
culture reports in these patients is not advisable. In our study, culture positivity was
42.18%, similar to Walsh et al. (10).

Data on the secondary infection in COVID-19 patients with mucormycosis is lacking.
Thus, we intend to share our experience regarding this subgroup. Considerable data on
secondary infections in COVID-19 patients without mucormycosis has been published, and
we have compared our findings with three such studies (Table 8). The incidence of second-
ary infections in these patients has been reported to be 3.6% to 14% (11–13). In our study,
we have reported 21.81% of secondary infections in COVID-19-positive patients with
mucormycosis. Our study's most common type of secondary infection was bloodstream
infection; two studies from India, mentioned in Table 8, Vijay et al. and Khurana et al., have
reported similar findings. Another study, Li et al., from China has reported pulmonary
infections as the most common secondary infection (11–13).

Mortality seen in our patients developing secondary infection was 41.67%, less than
that reported by Ji et al. (49%) but more in comparison to the first wave mortality,
reported from our center by Khurana et al. (33%) (12, 13).

TABLE 3 Polymicrobial infections

Patient ID Patient details Sample Organisms Outcome
Patient 7 Female/33 Blood E. faecium

P. aeruginosa
Death

Patient 10 Male/35 Pus E. faecium
K. pneumoniae

Recovered

Patient 11 Male/40 Blood E. faecium
C. rugosa

Death
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In two studies from India mentioned in Table 8, the most common organisms were
K. pneumonia and A. baumannii. In both studies, GN infections were more common
than the GP. In a study from our center from the first COVID-19 wave by Khurana et al.,
GN isolates were predominant, with no cases of Enterococcus species reported (11, 12).

In patients who are critical and admitted to ICUs, sometimes it is challenging to dif-
ferentiate COVID-19 acute respiratory distress syndrome from ventilator-associated
pneumonia. So, these patients receive antimicrobials targeting the GN, the usual
pathogen. This could select the GP, including the Enterococcus species, thus explaining
the increase in cases. The high incidence of E. faecium could be due to extended hospi-
tal stays in an ICU setting, and exposure to broad-spectrum antibiotics such as cepha-
losporins and carbapenems (14–16). In a study by Harthug et al., cephalosporins use
and extended hospital stay were predisposing factors for enterococcal infections (16).
All patients with E. faecium were young (mean age 35) and critical, admitted to ICU
and high dependency units. A fatal outcome was seen in two people with bloodstream
infections infected with multidrug-resistant E. faecium. Enterococcus species are notori-
ous for causing resistance due to the transfer of resistance-causing genes through plas-
mid and are associated with higher mortality.

We noted a high proportion of MDR isolate (93.75%) associated with COVID-19,
slightly higher than in studies quoted in Table 8, 47.1%, 84%, and 85.8% (11–13). The
reasons may include prolonged hospital stays and ICU admissions. These events trigger
widespread and injudicious use of antibiotics, and the vicious cycle of antimicrobial
usage and emergence of resistant strains continues.

Emerging data show that more than 70% to 90% of COVID-19 patients received
antibacterial drugs against only 10% indicated (17, 18). This increase in antibiotic
administration can cause a strong selective pressure on bacterial pathogens to evolve
their resistance leading to the increased incidence of drug-resistant bacterial infections
in the years after the COVID-19 pandemic.

Carbapenems are the first-line therapy for MDR GN infections. However, an increase
in carbapenem-resistant (CR) organisms is being reported. Li et al. found 91.7% of
CRAB and 76.7% of CRKP in their study from a COVID-19-designated hospital in China
(13). It poses a more difficult challenge as the CR are resistant to b-lactam agents, thus
limiting the treatment options.

The high prevalence of CR GN in COVID-19 patients could be due to various causes.
Although personal protective equipment (PPEs) are a mandatory requirement while

TABLE 5 Gram-positive organisms with antimicrobial susceptibility pattern and patient profile
Patient number Patient profile Sample Organism Outcome Vancomycin Penicillin HLA Linezolid Tetracycline Teicoplanin Ciprofloxacin Erythromycin Nitrofurantoin
Patient 11c Male/40 Blood E. faecium Death R R S S S S R R -d

Urine R R S S S S R R I
Patient 12 Female/27 Urine E. faecium Recovered S R S S S S R R R
Patient 7a Female/33 Blood E. faecium Death S S S S S S S R -
Patient 10b Male/35 Pus E. faecium Recovered R R R S S R R R -

aPatient 7, same patient, two isolates from one blood sample.
bPatient 10, same patient, 2 isolates from one pus sample.
cPatient 11, patient had E. faecium from two samples, blood and urine.
d-, Not tested.

TABLE 6 Antimicrobial susceptibility of GN isolates

Antibiotics
K. pneumoniae
(4)

E. coli
(4)

A. baumannii
(2)

P. aeruginosa
(1) Total (11)

Imipenem 1 -a - - 1 (9.09%)
Meropenem 1 1 - - 2 (18.18%)
Tigecycline 1 4 2 1 8 (72.72%)
Colistin 4 4 2 1 11 (100%)
Aztreonam - - - - 0 (0%)
Ceftazidime-avibactam 1 1 - 1 3 (27.27%)
Piperacillin-tazobactam - - - - 0 (0%)
Gentamicin - 2 - 1 3 (27.27%)
Amikacin 1 3 - 1 5 (45.45%)
Levofloxacin 1 - - - 1 (9.09%)
Ceftriaxone - - - - 0 (0%)
Cefoperazone-sulbactam 1 - - - 1 (9.09%)
a-, Not tested.
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attending to people with COVID-19, their usage is primarily for the protection of health
care workers. Change of PPEs between the handling of different patients is practically
impossible. Isolation precautions for patients infected with CR strains could not be
maintained due to a shortage of beds compared with the number of cases during the
second wave in India. Also, the patients in our setting had mainly moderate to severe
infections. The severity of infection could have prompted carbapenems for extended-
spectrum beta-lactamases producing organisms, and prior carbapenem use is a risk
factor for causing resistance (19, 20).

This rampant increase in CR strains poses a severe threat. Only tigecycline and colistin
remain the options for treating these patients. However, a higher tigecycline resistance
is also being reported from all around the world. In a study by Park et al., 37.8% of CRKP
isolates were resistant to tigecycline (21). If this trend continues, we will be ushered to-
ward the preantibiotic era. All the hard work done with the aid of hospital infection con-
trol practices and antimicrobial stewardship programs will be a total waste.

PCT and CRP have proven helpful in lower respiratory tract infections and help to differ-
entiate between pure viral or secondary infection. In a study by Pink et al., a significant
increase in both PCT and CRP levels was observed in patients with a secondary bacterial
infection (22). In our study, an increase in PCT is directly associated with culture positivity,
with values as high as 97.07 ng/mL (mean value = 24.4 ng/mL). However, for CRP, it was
consistently elevated in patients with COVID-19 infection, and there was no correlation
between its value and secondary infections. Thus, as CRP is consistently elevated, it might
not have a predictive value for bacterial infections in COVID-19. Nevertheless, PCT has a pos-
itive predictive value for secondary bacterial infections overall and in COVID-19 patients.

Serum PCT may help identify secondary infections in patients with COVID-19. In iso-
lated COVID-19, as in other viral infections, PCT levels usually remain normal. The lack
of a PCT rise in viral infections may be due to virus-stimulated production of inter-
feron-g by macrophages, which inhibits TNF-a in the immune response. PCT has
emerged as a valuable tool to facilitate decisions about antibiotic therapy in lower re-
spiratory tract infections (22, 23).

Length of stay in hospital is corelated with the development of secondary infection
and mortality. The longer the duration of stay in the hospital, the longer the chance of
developing secondary infections.

Conclusion. A high incidence of MDR organisms in the presence of COVID-19 and
mucormycosis poses a challenge to treating physicians and is associated with higher
mortality. Culture-based testing should be carried out before antimicrobials are initi-
ated. Controlled use of antibiotics in synergy with periodic surveillance and better
hand hygiene practices will prevent the dissemination of drug-resistant organisms. We
can use PCT as a guiding tool for evaluating secondary infection in such scenarios.
Liberal use of corticosteroids should be checked. Limitations of our study include a
monocentric setting, a small sample size, and a retrospective design.

MATERIALS ANDMETHODS
Study setting and design. A retrospective observational analysis was conducted in our center, part

of a 2,500-bedded tertiary care center in north India. Ours has been a dedicated set-up for COVID-19

TABLE 7Mucormycosis patients with and without secondary infection

Patient parameter
With secondary
infection (n = 12)

Without secondary
infection (n = 43) P valuea

Mean age 48.11/– 14.04 50.71/– 13.9 0.570
Gender (M:F) 1.4:1 (M = 7, F = 5) 5.33:1 (M = 34, F = 9) 0.145
Mortality 5/12 (41.67%) 8/43 (18.6%) 0.096
Length of stay in patients
who died

21.331/– 15.38 9.121/1 5.96 <0.001

Length of stay (Days) 38.331/– 14.94 15.81/– 9.83 <0.001
PCT 24.4 ng/mL (1/– 30.77) 0.28 ng/mL (1/2 0.34) <0.001
CRP 242.041/– 176.34 184.891/– 135.41 0.232
aValues in bold are statistically significant P-values.
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since April 2020, where moderate to severe cases are admitted. The center has 285 beds, including 70
ICUs and high dependency units (HDUs).

Ours was a 2-month retrospective study, from May 1, 2021 to June 30, 2021, where we have studied
secondary infections and their impact on the outcome in COVID-19 patients with mucormycosis. All de-
mographic details of patients were taken from the hospital information system.

Laboratory techniques. All samples from suspected cases of mucormycosis, including tissue biopsy
samples, nasal/palatal crusts, and high nasal swabs, were evaluated by conventional methods.
Microscopy was done using a 10% KOH mount, aided with fluorescent brightener calcofluor white.
Cultures for mycological growth were done on two sets of Sabouraud's dextrose agar (SDA) at 37°C and
25°C, each group having three tubes (SDA without antibiotics, SDA with gentamicin, and SDA with acti-
dione). Positive cultures were further identified with the help of their macroscopic and microscopic features
(growth teased and stained with lactophenol cotton blue stain), as per standard mycological methods.

Secondary infections in mucormycosis patients were studied based on conventional culture, microbio-
logical profile, and identification and antibiotic susceptibility profile were done by Vitek 2 (bioMérieux).
Microbiological profiles of organisms obtained from various samples like blood, respiratory (bronchoalveo-
lar lavage, endotracheal aspirate, and sputum), and urine samples were compared. Colistin susceptibility
was evaluated by broth microdilution as per CLSI 2021 guidelines.

PCT and CRP tests, done as part of routine tests, were evaluated for the study. The outcome in these
patients was assessed and compared with COVID-19 patients with mucormycosis but without any sec-
ondary infection.

Statistical analysis. The 95% confidence interval values at ,0.05 were considered significant. The
proportions of secondary infections across admission locations and outcomes were compared using the
Chi-square test of independence. Data analysis was done using SPSS V-20. MS Excel 2007 (Microsoft
Corporation) was used for descriptive analysis.

Ethical approval was taken from the institutes' Ethics Committee (Ref No.: IEC-571/06.08.2021).

ACKNOWLEDGMENTS
We would like to acknowledge the contributions of all the staff of the Department of

Microbiology, JPNATC, AIIMS, New Delhi, India. Special mention to Muruganantham,
Aman, Rezi, Nishu, Seema, Pramod, Anil, and Rupa.

REFERENCES
1. WHO. 2020. COVID-19 situation reports. [Internet]. https://www.who.int/

emergencies/diseases/novel-coronavirus-2019/situation-reports/.
2. Feng Y, Ling Y, Bai T, Xie Y, Huang J, Li J, Xiong W, Yang D, Chen R, Lu F,

Lu Y, Liu X, Chen Y, Li X, Li Y, Summah HD, Lin H, Yan J, Zhou M, Lu H, Qu
J. 2020. COVID-19 with different severities: a multi-center study of clinical
features. Am J Respir Crit Care Med 201:1380–1388. https://doi.org/10
.1164/rccm.202002-0445OC.

3. 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 inpatients with COVID-19 in
Wuhan, China: a retrospective cohort study. Lancet 395:1054–1062.
https://doi.org/10.1016/S0140-6736(20)30566-3.

4. Cavezzi A, Troiani E, Corrao S. 2020. COVID-19: hemoglobin, iron, and hy-
poxia beyond inflammation. A narrative review. Clin Pract 10:1271.
https://doi.org/10.4081/cp.2020.1271.

5. Lim S, Bae JH, Kwon HS, Nauck MA. 2021. COVID-19 and diabetes mellitus:
from pathophysiology to clinical management. Nat Rev Endocrinol 17:
11–30. https://doi.org/10.1038/s41574-020-00435-4.

6. Jeong W, Keighley C, Wolfe R, Lee WL, Slavin MA, Kong DCM, Chen SC-A.
2019. The epidemiology and clinical manifestations of mucormycosis: a

systematic review and meta-analysis of case reports. Clin Microbiol Infect
25:26–34. https://doi.org/10.1016/j.cmi.2018.07.011.

7. Prakash H, Chakrabarti A. 2021. Epidemiology of mucormycosis in India. Micro-
organisms [Internet] 9:523. https://doi.org/10.3390/microorganisms9030523.

8. Petrikkos G, Skiada A, Lortholary O, Roilides E, Walsh TJ, Kontoyiannis DP.
2012. Epidemiology and clinical manifestations of mucormycosis. Clinical
Infectious Diseases 54:S23–S34. https://doi.org/10.1093/cid/cir866.

9. Garg D, Muthu V, Sehgal IS, Ramachandran R, Kaur H, Bhalla A, Puri GD,
Chakrabarti A, Agarwal R. 2021. Coronavirus disease (COVID-19) associated
mucormycosis (CAM): case report and systematic review of literature. Myco-
pathologia 186:289–298. https://doi.org/10.1007/s11046-021-00528-2.

10. Walsh TJ, Skiada A, Cornely OA, Roilides E, Ibrahim A, Zaoutis T, Groll A,
Lortholary O, Kontoyiannis DP, Petrikkos G. 2014. Development of new
strategies for early diagnosis of mucormycosis from bench to bedside.
Mycoses 57 Suppl 3:2–7. https://doi.org/10.1111/myc.12249.

11. Vijay S, Bansal N, Rao BK, Veeraraghavan B, Rodrigues C, Wattal C, Goyal JP,
Tadepalli K, Mathur P, Venkateswaran R, Venkatasubramanian R, Khadanga
S, Bhattacharya S, Mukherjee S, Baveja S, Sistla S, Panda S, Walia K. 2021. Sec-
ondary infections in hospitalized COVID-19 patients: Indian experience.
Infect Drug Resist 14:1893–1903. https://doi.org/10.2147/IDR.S299774.

TABLE 8 Studies: Secondary bacterial infections in COVID-19 patientsa

Study Vijay et al. Khurana et al. Li et al.
Single/multicentre study Multi Single Single
Country India India China
Most common organism K. pneumoniae

A. baumannii
K. pneumoniae
A. baumannii

A. baumannii
K. pneumoniae

Incidence of SBI 3.6% 14% 6.8%
%MDRO 47.1% 84% 85.8%
SBI Bloodstream, 49.88%

Respiratory, 39.77%
Urinary, 10.33%

Bloodstream, 42.8%
Respiratory, 18.6%
Urinary, 21.8%

Bloodstream- 27.04%
Respiratory, 69%
Urinary, 3.77%

Reference no. 11 12 13
aBold denotes most common SBI in the respective study.

Secondary Bacterial Infections in Mucormycosis-COVID-19 Cases Microbiology Spectrum

November/December 2022 Volume 10 Issue 6 10.1128/spectrum.00919-22 10

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://doi.org/10.1164/rccm.202002-0445OC
https://doi.org/10.1164/rccm.202002-0445OC
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.4081/cp.2020.1271
https://doi.org/10.1038/s41574-020-00435-4
https://doi.org/10.1016/j.cmi.2018.07.011
https://doi.org/10.3390/microorganisms9030523
https://doi.org/10.1093/cid/cir866
https://doi.org/10.1007/s11046-021-00528-2
https://doi.org/10.1111/myc.12249
https://doi.org/10.2147/IDR.S299774
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.00919-22


12. Khurana S, Singh P, Sharad N, Kiro VV, Rastogi N, Lathwal A, Malhotra R,
Trikha A, Mathur P. 2021. Profile of co-infections and secondary infections
at a dedicated COVID-19 facility of a tertiary care Indian hospital: implica-
tion on antimicrobial resistance. Indian J Med Microbiol 39:147–153.
https://doi.org/10.1016/j.ijmmb.2020.10.014.

13. Li J, Wang J, Yang Y, Cai P, Cao J, Cai X, Zhang Y. 2020. Etiology and anti-
microbial resistance of secondary bacterial infections in patients hospital-
ized with COVID-19 in Wuhan, China: a retrospective analysis. Antimicrob
Resist Infect Control 9:153. https://doi.org/10.1186/s13756-020-00819-1.

14. Uda A, Shigemura K, Kitagawa K, Osawa K, Onuma K, Yan Y, Nishioka T,
Fujisawa M, Yano I, Miyara T. 2021. Risk factors for the acquisition of
enterococcus faecium infection and mortality in patients with enterococ-
cal bacteremia: a 5-year retrospective analysis in a tertiary care university
hospital. Antibiotics 10:64. https://doi.org/10.3390/antibiotics10010064.

15. Caballero-Granado FJ, Becerril B, Cuberos L, Bernabeu M, Cisneros JM,
Pachon J. 2001. Attributable mortality rate and duration of hospital stay
associated with Enterococcal bacteremia. Clinical Infectious Diseases 32:
587–594. https://doi.org/10.1086/318717.

16. Harthug S, Eide GE, Langeland N. 2000. Nosocomial outbreak of ampicillin
resistant Enterococcus faecium: risk factors for infection and fatal out-
come. J Hosp Infect 45:135–144. https://doi.org/10.1053/jhin.2000.0728.

17. Lai CC, Shih TP, Ko WC, Tang HJ, Hsueh PR. 2020. Severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and coronavirus disease-2019
(COVID-19): the epidemic and the challenges. Int J Antimicrob Agents 55.
https://doi.org/10.1016/j.ijantimicag.2020.105924.

18. Rawson TM, Moore LSP, Zhu N, Ranganathan N, Skolimowska K, Gilchrist
M, Satta G, Cooke G, Holmes A. 2020. Bacterial and fungal co-infection in
individuals with coronavirus: a rapid review to support COVID-19 antimi-
crobial prescribing. Clin Infect Dis 71:2459–2468. https://doi.org/10.1093/
cid/ciaa530.

19. Swaminathan M, Sharma S, Poliansky Blash S, Patel G, Banach DB, Phillips
M, LaBombardi V, Anderson KF, Kitchel B, Srinivasan A, Calfee DP. 2013.
Prevalence and risk factors for acquisition of carbapenem-resistant Enter-
obacteriaceae in the setting of endemicity. Infect Control Hosp Epidemiol
34:809–817. https://doi.org/10.1086/671270.

20. Bratu S, Landman D, Haag R, Recco R, Eramo A, Alam M, Quale J. 2005.
Rapid spread of carbapenem-resistant Klebsiella pneumoniae in New
York City: a new threat to our antibiotic armamentarium. Arch Intern Med
165:1430–1435. https://doi.org/10.1001/archinte.165.12.1430.

21. Park Y, Choi Q, Kwon GC, Koo SH. 2020. Molecular epidemiology and
mechanisms of tigecycline resistance in carbapenem-resistant Klebsiella
pneumoniae isolates. J Clin Lab Anal 34:e23506. https://doi.org/10.1002/
jcla.23506.

22. Pink I, Raupach D, Fuge J, Vonberg R, Hoeper MM, Welte T, Rademacher J.
2021. C-reactive protein and procalcitonin for antimicrobial stewardship
in COVID-19. Infection 49:935–943. https://doi.org/10.1007/s15010-021
-01615-8.

23. van Berkel M, Kox M, Frenzel T, Pickkers P, Schouten J, RCI-COVID-19
study group. 2020. Biomarkers for antimicrobial stewardship: a reap-
praisal in COVID-19 times? Crit Care 24:600. https://doi.org/10.1186/
s13054-020-03291-w.

Secondary Bacterial Infections in Mucormycosis-COVID-19 Cases Microbiology Spectrum

November/December 2022 Volume 10 Issue 6 10.1128/spectrum.00919-22 11

https://doi.org/10.1016/j.ijmmb.2020.10.014
https://doi.org/10.1186/s13756-020-00819-1
https://doi.org/10.3390/antibiotics10010064
https://doi.org/10.1086/318717
https://doi.org/10.1053/jhin.2000.0728
https://doi.org/10.1016/j.ijantimicag.2020.105924
https://doi.org/10.1093/cid/ciaa530
https://doi.org/10.1093/cid/ciaa530
https://doi.org/10.1086/671270
https://doi.org/10.1001/archinte.165.12.1430
https://doi.org/10.1002/jcla.23506
https://doi.org/10.1002/jcla.23506
https://doi.org/10.1007/s15010-021-01615-8
https://doi.org/10.1007/s15010-021-01615-8
https://doi.org/10.1186/s13054-020-03291-w
https://doi.org/10.1186/s13054-020-03291-w
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.00919-22

	RESULTS
	Secondary bacterial infections.
	Gram-negative organisms and their susceptibility profile.
	Gram-positive isolates and their susceptibility profile.
	Mucormycosis patients with and without secondary infection.
	Viral markers.
	Biomarkers.

	DISCUSSION
	Conclusion.

	MATERIALS AND METHODS
	Study setting and design.
	Laboratory techniques.
	Statistical analysis.

	ACKNOWLEDGMENTS
	REFERENCES

