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This study investigates the occurrence and antimicrobial susceptibility of
Bacillus spp. in pediatric patients with viral respiratory infections admitted to
intensive care units. Secondary bacterial infections are known to exacerbate
the severity of viral respiratory diseases and represent a major cause of
morbidity and mortality during pandemics, including COVID-19. A total of
659 respiratory samples from children with respiratory symptoms hospitalized
in five hospitals were analyzed. Bacterial co-infections were identified by
inoculation in BHI medium and confirmed by MALDI-TOF. Antimicrobial
susceptibility testing was performed using the Kirby-Bauer method, following
EUCAST guidelines. Among 166 cases of bacterial co-infection, 20 (12.05%)
were attributed to Bacillus spp., with a predominance in patients infected
with respiratory syncytial virus (55%). The isolates showed high susceptibility
to vancomycin (85%), imipenem (80%), erythromycin (70%), and ciprofloxacin
(65%). These findings reveal that Bacillus spp. often considered an
environmental contaminant, may play a clinically relevant role in pediatric
viral co-infections, particularly in severe respiratory cases. This study
contributes novel data to a poorly explored area of pediatric infectious
disease research, emphasizing the need for routine susceptibility testing to
optimize antimicrobial therapy. The results provide a foundation for future
molecular studies on Bacillus spp. virulence and resistance mechanisms,
supporting evidence-based management and infection control practices in
critical care settings.
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1 Introduction

Human respiratory viruses include a wide range of viral agents that infect cells of the
respiratory tract, cause respiratory symptoms, and are transmitted primarily through the
respiratory secretions of infected individuals. Infections caused by respiratory viruses are
often indistinguishable clinically. These viruses belong to several viral families, with
variations in their structures and genomes, populations susceptible to infection,
severity of disease, seasonality of circulation, transmissibility, and modes of
transmission (1).
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Viral presence can make the respiratory niche more prone to
bacterial colonization by several mechanisms. First, viruses can
make the epithelium more susceptible to bacterial colonization
by altering mucosal surfaces. This can result in damage to the
cilia, decreasing the effectiveness of mucociliary clearance in the
respiratory epithelium. Furthermore, damage caused by viruses
and deterioration of the integrity of the epithelial lining can
facilitate bacterial colonization and subsequent translocation.
Virus-infected cells can reduce the production of antimicrobial
peptides, such as P-defensins, thereby compromising the
host Viral

neuraminidase (NA) activity can expose bacterial receptors by

epithelium’s  natural defense  capabilities.
cleaving sialic acid residues that are hiding them. Finally, viruses
can promote both bacterial colonization and replication, either
directly or indirectly (2).

Respiratory viruses that can predispose to such secondary
infections include respiratory syncytial virus, measles virus,
parainfluenza virus, adenovirus, rhinovirus, and, more recently,
the COVID-19 virus. In the case of the COVID-19 virus, the
emergence of this co-infection simultaneously with COVID-19
not only adds a layer of complexity to the disease but may also
trigger new forms of tissue pathology, increasing the challenges
faced by healthcare professionals in diagnosing and effectively
treating the disease (3, 4).

Among human respiratory viruses, respiratory syncytial virus
(RSV) is one of the main agents, capable of triggering lower
respiratory tract infections in infants and young children and is
the main causative agent of bronchiolitis. The complexity of
respiratory viral infections is even more pronounced during
pandemics, such as the recent COVID-19 pandemic, which has
had an impact on a global scale. RSV, along with other
respiratory viruses such as rhinovirus, has been detected in cases
of respiratory infections, contributing to the complexity of
clinical diagnosis during the COVID-19 pandemic. These
viruses share similar symptoms to COVID-19, which may lead
to mistaken suspicion of the disease in cases of infection by
other viral agents (5).

The
contributed to close contact between humans, animals, and the

domestication of animals and urban concentration

environment, leading to the emergence of diseases of zoonotic
The COVID-19 pandemic,
emergence of the novel coronavirus SARS-CoV-2, has become

origin (6). triggered by the
one of the most significant events of the 21st century. The rapid
spread of the virus and its ability to transmit efficiently between
humans have caused an unprecedented global health crisis (7, 8).
The etiological agent of COVID-19 was named severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) on March
11, 2020, by the World Health Organization (WHO) (9). The
symptoms of the disease, in milder cases, cough, sore throat,
fever are some of the most common symptoms; in more severe
cases, the clinical manifestations are dyspnea followed by
respiratory discomfort, persistent pressure, oxygen saturation
less than 95%, especially in elderly patients, with comorbidities
and often the infection can be asymptomatic (10, 11).
Transmission between people occurs through common routes,
such as direct contact, physical contact, and airborne transmission
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via aerosols, especially during medical interventions. Coughing,
sneezing, inhalation of droplets, and contact with mucous
membranes of the mouth, nose, and eyes are the main means of
spreading the virus (12). Furthermore, the spread of SARS-CoV-
2 is exacerbated by its long incubation period, which typically
extends to about 5-6 days and can range from 0 to as long as
24 days. What is even more challenging is that asymptomatic,
pre-symptomatic, or mildly symptomatic individuals can spread
the virus without being aware of it, making control of the
pandemic more difficult (13, 14).

In the study by Yasir et al., (15), it was possible to identify the
presence of bacterial co-infections associated with viral infections.
The study analyzed a total of 107 swabs, 22 from control
individuals and 85 from patients with COVID-19. Through RT-
identified
pathogens responsible for these secondary infections. In addition

PCR assays, the researchers several respiratory
to Bacillus spp., significant amounts of other bacterial genera
were observed, such as Sphingomonas spp., Kurthia spp.,
Microbacterium spp., Methylobacterium spp., Brevibacillus spp.,
Acinetobacter spp., Lactococcus spp. and Haemophilus spp.
Known pathogens such as Staphylococcus aureus, Streptococcus
pneumoniae, Haemophilus influenzae, Moraxella catarrhalis,
Salmonella spp., and Klebsiella pneumoniae. These findings
highlight the complexity of co-infections, reinforcing the
importance of considering the presence of bacteria in patients
with COVID-19.

The genus Bacillus spp. is extensive, with over 543 species, and
includes both pathogenic and nonpathogenic strains. For example,
B. anthracis is recognized as pathogenic, being the causative agent
of anthrax, a serious disease. On the other hand, B. cereus is
associated with cases of food poisoning and can become
pathogenic in certain circumstances. Meanwhile, B. thuringiensis
is often considered nonpathogenic to humans, being used as a
biopesticide to control insects, although it can pose risks to
people with compromised immune systems (16-18).

Bacillus cereus is rarely associated with lower respiratory tract
infections. In the study conducted by Shimoyama et al. (19),
A case of pneumonia caused by B. cereus was described in an
with heart

problems. She had a cough, difficulty breathing, swelling in her

81-year-old immunocompetent female patient
legs, fever, and blood in her stool. Tests revealed fluid
accumulation in her lungs and congestion. After treatment, she
improved, but on the second day, respiratory complications
developed. Blood tests detected the presence of B. cereus. On the
fourth day, the

respiratory  problems

situation worsened, resulting in serious

The
transferred to the ICU and treated with a combination of

and pneumonia. patient was
antibiotics, including imipenem and levofloxacin, which proved
effective. After treatment, she recovered and was discharged
from the ICU after a few days.

The spp-

resistance, which contributes to the spread of these organisms.

endospores of Bacillus confer antimicrobial
Generally found in nature and not linked to a specific host,
bacteria of the genus Bacillus spp. are widely distributed,
interacting with humans through different pathways, such as

soil, air, plants, and even the human gastrointestinal tract (20).
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Antibiotics have been extensively used in hospital settings,
especially in intensive care units, to prevent or treat potential
secondary infections. Analysis finds that about half of ICU
with SARS-CoV-2 treated with
antibiotics, with little attention given to bacterial co-infection

patients infection were
(21). This highlights the unnecessary and excessive use of these
in mild and moderate cases of COVID-19,
potentially increasing the risks of adverse events and the

antimicrobials

emergence of multidrug-resistant bacterial pathogens (22).
According to Lefrangois and collaborators (23), to deal with
emergencies such as the recent pandemic, it is essential to
consider the environmental, social, economic, ethical, and political
factors that characterize a social ecosystem and influence the
emergence of zoonoses. The response to infectious disease
to be to facilitate the
identification and rapid control of zoonotic risks before they affect

emergencies needs comprehensive
humans, and it is also necessary to establish an effective health
surveillance system capable of providing early and reliable
information on new pathogens. The aim of this study was to
identify and evaluate the antimicrobial sensitivity profile of Bacillus

spp. in co-infection with respiratory viruses in children in ICUs.

2 Methodology

This research is an experimental and epidemiological study,
approved by the ethics committee at CEP/HC under protocol
number: CAAE: 33540320.7.0000.5078.

All biological material came from the biorepository of the
project entitled: “Differential diagnosis and pediatric clinical
evolution of COVID-19 in the context of seasonality of
respiratory viruses in a capital city in the Midwest of Brazil”.
The study cited is an investigation of the incidence of viral types
that make up the viral panel, including the COVID-19 virus
(which is not part of the viral panel, but caused a pandemic).

Samples of secretion from the nasopharynx of children (< 14
years old) admitted to the following hospitals in Goias: Materno
Infantil, Hospital da Crianga, Hospital de Doengas tropicais and
Hugol were included in the present study. Records on
demographic characteristics (age and sex), patient symptoms
and comorbidities were collected. All patients had some
respiratory symptoms, influenza, pneumonia, suspected COVID-
19 and confirmed cases of COVID-19. Nasopharyngeal swab
samples were collected and stored in viral transport medium
(MTYV) and kept frozen at —80 °C. The MTV medium contained
the antimicrobials gentamicin and amphotericin B.

2.1 Bacterial isolation

Samples were recovered in brain-heart infusion (BHI) broth,
where 200 pL of the sample were pipetted into 3 mL of BHI
medium. The samples were then incubated for 24 to 48 h in an
orbital shaker, maintained at a temperature of 37°C and a
shaking speed of 150.2 rpm, favoring bacterial growth. Turbidity
analysis was performed to verify bacterial growth, which was
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considered positive when turbidity formation was observed in the
culture medium. Samples positive for BHI were inoculated using
the composite streak method on nutrient agar for 24 h (Plastlabor,
Brazil). Isolated colonies were selected for MALD-TOF. The entire
bacterial isolation process was performed in triplicate, to confirm
true isolates and not environmental contaminants.

2.2 |dentification by MALDI-TOF

The
desorption/ionization mass spectrometry and time-of-flight
(MALDI-TOF  MS®) BriikerMicroflex LT/SH
instrument (Bruker Daltonics GmbH & Co. KG, Bremen,
Germany®), with a score value > 2.0.

isolates were identified by matrix-assisted laser

using the

2.3 Antimicrobial susceptibility testing

The analysis was performed using the Kirby-Bauer disk
diffusion method. Initially, colonies identified by MALD-TOF as
Bacillus spp. were cultured for 24 h and transferred to test tubes
containing sterile 0.85% saline solution and then homogenized
by shaking. The resulting solutions were standardized according
to the McFarland scale to achieve a concentration of 0.5 and
then seeded onto Petri dishes containing Mueller-Hinton agar.
After seeding, discs impregnated with antimicrobials, including
meropenem (10 pug), ciprofloxacin (5 pg), vancomycin (5 ug),
erythromycin (15 pg), and linezolid (10 ug), were seeded onto
Mueller-Hinton agar, which were then incubated at 35°C for
24 h. Next, the inhibition halos formed around each disc were
measured using calipers, and the values obtained were compared
with the cut-off points established by BrCAST.

3 Results

A total of 659 pediatric patients were included in this study.,
with 78% being male and 22% female. MALDI-TOF mass
spectrometry identified 20 isolates belonging to the genus
Bacillus, as shown in Supplementary Table S1, which describes
the genus, species, and identification log obtained by MALDI-
TOF. Among these patients, 166 cases of bacterial co-infection
were identified (Table 1), and 20 (12.05%) of these co-infections
were caused by Bacillus spp.

3.1 Clinical characteristics and virus
identified

The most common symptoms on admission were fever and
cough, followed by dyspnea and irritability (Table 2). Only 3
patients had comorbidities, namely heart disease, neurogenic
bladder,
infection by Bacillus spp. occurred in greater numbers in patients
with respiratory syncytial virus (RSV) (11.55%). Of the patients, 6

osteosarcoma, and mediastinal tumor. Bacterial co-
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TABLE 1 Microorganisms species found in patients with respiratory
viruses, with the corresponding percentages of occurrence.

Bacterial species Quantity found (%)

Enterococus faecalis 74 (44.6%)
20 (12.05%)
18 (10.84%)

Bacillus spp.

Staphylococcus spp.

Xanthomanas 1 (0.6%)
Microbacterium hominis 3 (1.81%)
Escherichia coli 5(3.01%)
Acinetobacter radioresistents 2 (1.2%)
Corynebacterium sanguinis 1 (0.6%)
Peribacillus muralis 1 (0.6%)
Priestia megaterium 1 (0.6%)

TABLE 2 Viruses

associated with

10.3389/fped.2025.1718515

medications used in patients with Bacillus spp.

Virus found

Respiratory syncytial
virus (RSV)

Symptoms and

comorbidities
Flu, cough, fever >37.8,

dyspnea, tachypnea, O2
catheter for four days

co-infection,

symptoms and

Medications used

Tamiflu antiviral, clavulin
antibiotic

Severe acute respiratory
syndrome (SARS),
pneumonia (PNM) and
sepsis

Fever >37.8

Antiviral Tamiflu,
antibiotic ceftriaxone and
oxacillin

Respiratory syncytial
virus (RSV)

Respiratory distress, fever
>37.8, cough, dyspnea,
tachypnea, loss of appetite

Antiviral oseltamivir,
antibiotic
ampicillin + gentamicin

Enterobacter hormaechi 10 (6.02%)

Fungal species Quantity found (%)

Candida parapsilosis 22 (13.25%)

Respiratory syncytial
virus (RSV)

Respiratory distress,
cough, nasal obstruction,
dyspnea, tachypnea,
irritability

Antiviral oseltamivir,
antibiotic clarithromycin

Meyerozyma guilliermondii 8 (4.82%)

Author’s own.

(30%) received antibiotics and antivirals, while 1 (5%) received only
antivirals and another 1 (5%) received only antibiotics. Furthermore,
in 12 (60%) cases, no specific treatment was administered.

3.2 Antimicrobial susceptibility patterns of
bacterial isolates

It was observed that Bacillus spp. strains showed resistance to
antimicrobial agents of different classes. Most strains were
susceptible to vancomycin (17/20 85%), followed by imipenem
(16/20 80%), erythromycin (14/20 70%), ciprofloxacin (13/20
65%) and 85% were resistant to linezolid (17/20).

4 Discussion

The MALDI-TOF results revealed the presence of bacterial co-
infection in 166 patients with respiratory viruses, with 12.05% of
these co-infections caused by Bacillus spp. This high incidence,
especially associated with Bacillus spp., highlights the complex
interaction between viruses and bacteria during viral
respiratory infections.

Bacterial co-infection with Bacillus spp. in our study was
observed in a variety of clinical contexts, with a higher incidence
in patients with respiratory syncytial virus, representing 11 (55%)
of the cases. Additionally, cases of co-infection were identified in
patients with several conditions, such as SARS, PNM, COVID-19,
cystic fibrosis, influenza virus, bronchiolitis, acute respiratory
infection, and Rhinovirus. Unusual situations were also observed,
such as one patient presenting co-infection with COVID-19,
bronchioliti,s and RSV, in addition to two patients with SARS
and pneumonia simultaneously.

The most common symptoms at admission of patients
included in our study were fever and cough, followed by
dyspnea, loss nasal

irritability, tachypnea, of appetite,

obstruction, respiratory distress, runny nose, abdominal pain,
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Respiratory syncytial
virus (RSV)

Respiratory distress,
cough, nasal obstruction,
dyspnea, tachypnea,

Antiviral oseltamivir,
antibiotic clarithromycin

irritability
Acute respiratory Heart disease, fever >37.8, | Ceftriaxone antibiotic
infection (ARI) dyspnea
COVID-19 fever >37.8 Antiviral oseltamivir

Respiratory syncytial
virus (RSV)

Coryza, abdominal pain,
nasal obstruction,
rhinorrhea, constipation,
oliguria. Carrier of
hydrocephalus and
neurogenic bladder

Antiviral oseltamivir,
antibiotic ceftriaxone

Lung involvement 20%,
respiratory distress

Fever >37.8, cough,
sneezing, rhinorrhea,
dyspnea, tachypnea

Respiratory syncytial
virus type A (RSV),
Bronchiolitis

Respiratory syncytial
virus type B (RSV)

Severe asthma attack

COVID-19,
Bronchiolitis,
Respiratory syncytial
virus type A (RSV)

Bronchopulmonary
dysplasia (BDP),
bronchiolitis and
pneumonia (PNM)

Cystic fibrosis

virus type B (RSV)

Flu Osteosarcoma and -

Mediastinal Tumor
Bronchiolitis, - _
Respiratory syncytial

Rhinovirus, Bronchiolitis

Rinovirus

Asthma attack

Respiratory syncytial
virus (RSV)

Severe acute respiratory
syndrome (SARS),
pneumonia (PNM)

Author’s own.

rhinorrhea, constipation, sneezing, and, in isolated cases, asthma
attacks and the need for an oxygen catheter for four days. Three
patients had comorbidities, including heart disease, neurogenic
bladder, osteosarcoma, and mediastinal tumor.
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This finding is in line with the research of Yasir et al., (15),
which identified occurrences of bacterial co-infections associated
with SARS-CoV-2, including a significant presence of the genus
Bacillus spp. in nasopharyngeal swab samples. Both this study
and ours highlighted that symptoms such as fever and cough
were the most frequently reported among the analyzed COVID-
19 patients, underlining the complexity of bacterial co-infections
during the viral disease.

Similarly Zhan et al. (24), identified Bacillus spp. as one of the
dominant bacteria in patients with lung infections in their study.
This finding highlights the relevance of Bacillus spp. in respiratory
infection settings. Regarding antimicrobial treatment, the drugs
used to treat the patients in this study were ceftriaxone, clavulin,
oxacillin, ampicillin + gentamicin, and clarithromycin. Each of
these drugs has distinct mechanisms of action that target
different components of the bacterial cell wall or metabolic
processes, offering broad coverage against a variety of
pathogens. After treatment, all patients demonstrated satisfactory
recovery and were discharged from the hospital, suggesting a
positive response to the treatments administered.

The choice of these classes of antimicrobials may have been
based on criteria such as efficacy, safety, and broad spectrum of
action, as well as the ability to cover pneumococcal, gram-
negative, and atypical bacterial infections in the pulmonary
context. It is important to note that the treatment was empirical,
since there was no confirmation of bacterial co-infection
through testing, as recommended by the Brazilian Guidelines for
Pharmacological Treatment of COVID-19, which advise against
the inappropriate use of broad-spectrum antibacterials and the
with
suspected or diagnosed COVID-19 in the absence of confirmed

prescription of prophylactic antibiotics in patients
bacterial co-infection (24).

Patients with mild symptoms may receive antibiotics for
community-acquired  pneumonia, such as amoxicillin,
azithromycin, or fluoroquinolones (levofloxacin, moxifloxacin,
ciprofloxacin), while those with severe symptoms should be
treated with an empiric approach that covers all possible
pathogens (25, 26).

Regarding the antimicrobial susceptibility test, of the 20
isolates studied, 17 (85%), 16 (80%), 14 (70%), and 13 (65%)
were susceptible to vancomycin, imipenem, erythromycin, and
ciprofloxacin, respectively. Therefore, the most indicated drug
for the treatment of bacterial coinfection by Bacillus spp. is
vancomycin, due to its demonstrated high sensitivity.
Vancomycin belongs to the glycopeptide class and exhibits
activity against several Gram-positive aerobic and anaerobic
microorganisms. Its mechanism of action involves binding to
the peptidoglycan of the bacterial cell wall, a heteropolymer
composed of long chains of polysaccharides and peptides (27).
Additional studies, such as that by Fahim et al (28),
demonstrated the high susceptibility of vancomycin in 30
isolates of Bacillus species using the minimum inhibitory
concentration (MIC) test.

Furthermore, as stated by Celandroni et al. (29), In their study,
all Bacillus spp. species were found to be susceptible to

vancomycin and ciprofloxacin, as determined by the minimum
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inhibitory concentration (MIC). It is crucial to highlight the
importance of antimicrobial susceptibility testing, such as the
minimum inhibitory concentration (MIC) test, to detect these
resistance patterns. These tests provide accurate information
about the sensitivity or resistance of a given bacterium to
antibiotics, allowing physicians to select the most appropriate
treatment for the patient. Using antibiotics without considering
bacterial resistance can lead to treatment failures, prolonged
illness, increased healthcare costs, and the development of even
more widespread antibiotic resistance (30).

This study highlights the incidence of secondary co-infections
by Bacillus spp. together with several respiratory viruses during the
pandemic period. It is worth mentioning that both studies on co-
infection by Bacillus spp. associated with viral infections and
antimicrobial susceptibility testing for Bacillus spp. are limited,
with a shortage of similar studies. This gap made it difficult to
compare with other studies, highlighting the urgent need for
more attention and research in this specific area.

5 Conclusion

Bacillus spp., although historically linked to soil, is also
detected in hospitalized patients, revealing their ability to act as
pathogens or opportunists in humans. This adaptability shows
that Bacillus bacteria can easily adapt to new environments and
cause infections in vulnerable people, thanks to their genetic
and metabolic flexibility. The high incidence of bacterial co-
infections with Bacillus spp., especially during viral respiratory
infections such as COVID-19 and other severe respiratory
conditions, underscores the clinical relevance of these
microbiological interactions.

Our research also identified varied clinical symptoms among
affected patients, including fever, cough, and dyspnea, reflecting
the diversity of clinical presentations associated with Bacillus
spp. and respiratory virus co-infections. These findings reinforce
the need for accurate diagnostic and therapeutic strategies to
address these complex pathogenic interactions.

Furthermore, the efficacy of vancomycin against Bacillus spp.,
as evidenced by antimicrobial susceptibility testing, underscores
the importance of appropriately selecting antibiotic treatments
based on accurate bacterial susceptibility data. The observed
resistance to certain antimicrobial agents, such as linezolid, also
highlights the continued need for surveillance and research to
understand and address these microbiological challenges.

Therefore, continued research on Bacillus spp. in clinical settings
is essential to improve the management of complex infections and to
inform public health policies that promote the rational use of
antibiotics and the prevention of antimicrobial resistance.

In addition to filling gaps in scientific literature, our study will
provide valuable insights into the co-infection of Bacillus spp. with
respiratory viruses, an area that is still underexplored. The results
obtained will not only be essential to guide future research, such as
molecular identification and genetic profiling of the pathogens
involved but may also provide a solid basis for the appropriate
choice of antimicrobials in these cases of co-infection. This is

frontiersin.org


https://doi.org/10.3389/fped.2025.1718515

Chagas et al.

essential to improve the clinical management of patients co-
infected by Bacillus spp. associated with respiratory viruses,
promoting more favorable health outcomes and supporting
effective infection control strategies.
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