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Abstract

Background: Differentiating between influenza, COVID-19, and secondary bacterial infections in hospitalized patients

presents a significant challenge.

Objectives: This study aimed to evaluate the occurrence of secondary bacterial pneumonia in pediatric patients with

influenza and COVID-19 who were admitted to Mofid Hospital.

Methods: This cross-sectional study involved pediatric patients admitted due to influenza and COVID-19 to Mofid Hospital

from October to March 2023 (consensus sampling method), focusing on the occurrence of secondary bacterial pneumonia and

its contributing factors. We examined the clinical, laboratory, and admission data of the patients. Nelson guidelines for the

treatment of community-acquired pneumonia in children were used to assess the occurrence of outcomes. The data were

analyzed through SPSS version 22 using chi-square or Fisher’s exact tests. A significance level of less than 0.05 was established.

Results: A total of one hundred fifty-five pediatric patients were admitted to the hospital due to complications arising from

COVID-19 and influenza. Among these, 32 patients, representing 20.64%, developed secondary bacterial pneumonia. Fever was

the predominant clinical symptom, observed in all patients. Of the 32 patients with secondary pneumonia, 30 were treated with

first-line antibiotics, while 2 required an additional regimen of colistin and linezolid. The severity of secondary bacterial

pneumonia was significantly associated with the need for admission to the pediatric intensive care unit (PICU) and the

development of complications (P < 0.05).

Conclusions: The occurrence of secondary bacterial pneumonia in pediatric patients following COVID-19 and influenza was

prevalent, and its severity can be affected by PICU admissions and the occurrence of pneumonia-related complications. Further

studies with a larger sample size are required to generalize the findings.
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1. Background

Secondary bacterial infections pose a considerable

complication associated with viral respiratory
infections, often leading to clinical worsening and, in

severe instances, death. Historically, these infections

have played a significant role in contributing to

morbidity and mortality during post-influenza
pandemics, seasonal influenza outbreaks, and other

respiratory illnesses. The immune response activated by

the virus causes damage to the airway epithelium and
impairs its barrier function, which disrupts both innate

and adaptive immune responses, thereby promoting
the colonization of various bacterial pathogens (1-4).
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Research has indicated that secondary infections

during the COVID-19 pandemic could play a significant

role in elevated mortality rates. Analysis of samples
from individuals who succumbed to influenza revealed

that a majority of fatalities were likely due to secondary
bacterial pneumonia. During the 2009 influenza A

pandemic, severe or lethal bacterial complications were

observed in approximately 25% of cases, with a higher
prevalence among adults and those hospitalized in the

intensive care unit (ICU) (2, 5, 6).

Bacterial co-infection and superinfection in

individuals diagnosed with COVID-19 raised significant

concerns throughout the pandemic. Various studies

have documented the incidence, categorization, and

underlying causes of these co-infections and

superinfections in hospitalized COVID-19 patients, with

most of the existing data consolidated in two key

studies. It is particularly noteworthy that the incidence

of superinfections in ICUs reached its highest level,

peaking at 41% (7, 8). The risk factors associated with co-

bacterial infections in patients diagnosed with COVID-19

and influenza encompass several elements, including

age, the classification of pneumonia, pre-existing

medical conditions, admission to the ICU, the

occurrence of invasive surgical procedures, duration of

hospitalization, and the administration of hormone

therapy (9). The predominant categories of infections

identified were respiratory infections, particularly

ventilator-associated pneumonia (VAP), which could be

either primary or associated with central venous

catheters. In patients diagnosed with VAP who are

critically ill, there was a notable prevalence of gram-

negative bacteria, encompassing both fermentative and

non-fermentative strains (10-12). In the context of gram-

positive bacteria, Staphylococcus aureus was identified in

roughly 20% of all cases of superinfection. In contrast,

among patients experiencing bacteremia, the

predominant isolates were coagulase-negative

Enterococcus and Staphylococcus species (13, 14).

The likelihood of developing pneumococcal

pneumonia after an influenza virus infection may be

diminished through pneumococcal vaccination in

pediatric patients. A significant number of severe cases

involving co-infection with influenza and S. aureus were

observed in children without any pre-existing medical

conditions. The occurrence of co-infection with

influenza and methicillin-resistant Staphylococcus

aureus (MRSA) appears to be associated with a personal

history of MRSA-related skin infections or exposure to

individuals with such infections (15-17).

2. Objectives

This study was conducted to assess the prevalence of

bacterial pneumonia among children hospitalized with

influenza and COVID-19 at Mofid Hospital between
October and March 2023.

3. Methods

This cross-sectional study, based on hospital data, was

carried out on children diagnosed with COVID-19 and/or
influenza who were admitted to Mofid Hospital.

3.1. Eligibility Criteria

The inclusion criteria were a confirmed diagnosis of

COVID-19 through a polymerase chain reaction (PCR)

test or influenza based on a PCR test from a

nasopharyngeal swab sample, with patients referred to

Mofid Children Hospital between October and March

2023. The sole exclusion criterion was the absence of

consent to participate in the study.

3.2. Data Collection

Data collected included patient demographics such

as age, gender, and weight, as well as clinical symptoms,

pneumonia severity, recent attendance at kindergarten

or school, history of prior hospitalization for

pneumonia, any underlying health conditions, use of

oral antibiotics in the preceding month, imaging results

indicating lung involvement, organisms cultured from

blood, pleural fluid, and tracheal tube secretions,

peripheral blood leukocytosis, erythrocyte

sedimentation rate (ESR), C-reactive protein (CRP) levels,

complications arising from pneumonia during

treatment, the necessity for admission to pediatric

intensive care units (PICU), mechanical ventilation

requirements, characteristics of aspirated pleural fluid,

treatment with first-line antibiotics for pneumonia,

treatment response after 48 hours of antibiotic

initiation, duration of antibiotic therapy, length of

hospital stay, and the sensitivity and resistance of

organisms to antibiotics as determined by antibiogram.

Subsequently, the study examined the prevalence of

bacterial pneumonia among patients with influenza

and COVID-19 infections.

Bacterial pneumonia was described as an

inflammation of the lung parenchyma based on the

following six findings (Nelson guidelines for the
treatment of community-acquired pneumonia in

children) (18): A diagnosis was considered when two or

more of the following six criteria were present.

1. Clinical symptoms consistent with pneumonia

(fever and chills, chest pain, dyspnea, etc.).
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2. Imaging findings in chest X-ray or CT scan of the

lung (lobar or segmental, pleural effusion, empyema in

favor of bacterial pneumonia, and interstitial or alveolar

involvement in favor of viral pneumonia).

3. Initial laboratory findings including the number of

peripheral blood leukocytes and neutrophil percentage,

CRP, ESR, and blood culture (the presence of

lymphopenia, low CRP, and low ESR in favor of viral

infection; peripheral blood leukocytosis, increased CRP,

and ESR are in favor of bacterial pneumonia).

4. Lung auscultation manifestation (rales, fine
crackles, or decreased sound in a part of the lungs).

5. Epidemiological findings (epidemic of specific

viral infections at specific times, such as the epidemic of

COVID-19 or influenza at a certain point in time).

6. Positive culture of the organism from the blood or

pleural fluid sample or both (pneumococcus,

staphylococcus, gram-negative bacteria, etc.).

All participants were selected prospectively based on

predefined clinical and laboratory criteria documented

in medical records. We employed clear
inclusion/exclusion criteria and standardized data

collection methods to minimize bias. The sample size

represents the entire accessible population.

3.3. Determining the Severity of Pneumonia (19)

3.3.1. Mild

Tachypnea is defined by age-specific respiratory rates.

In newborns under one month, a respiratory rate

exceeding 60 breaths per minute is noted. For infants
aged one month to one year, the threshold is more than

50 breaths per minute. In children aged 1 to 5 years,

tachypnea is indicated by a rate above 40 breaths per

minute, while in individuals older than 5 years, a rate

exceeding 20 breaths per minute is classified as

tachypnea. In cases of mild pneumonia, tachypnea is

present, but other symptoms such as cyanosis and

intercostal muscle retraction are absent.

3.3.2. Moderate

In moderate cases, tachypnea is observed alongside

retraction of the intercostal, suprasternal, or subcostal

muscles, depending on the child's age.

3.3.3. Severe

Severe cases are characterized by tachypnea

accompanied by retraction, as well as episodes of apnea

or cyanosis.

3.4. Statistical Analysis

Quantitative variables were described as mean and

standard deviation, and qualitative variables were

described as frequency and percentage. Fisher's exact

test or chi-square was used to compare variables. All

analyses were performed using SPSS version 26. A P-

value of less than 0.05 was considered statistically

significant.

3.5. Ethical Issues

This study was approved by the Ethics Committee of

Shahid Beheshti University of Medical Sciences (ethical

approval code: IR.SBMU.MSP.REC.1402.443).

4. Results

In this descriptive cross-sectional study, a total of 155

hospitalized patients diagnosed with secondary

bacterial pneumonia were enrolled from October 1 to

March 2023. Among these 155 hospitalized children, who

were admitted primarily due to viral symptoms, 32

patients met the criteria for secondary bacterial

pneumonia based on four specific factors: Clinical

symptoms, radiological findings, primary laboratory

results (including peripheral blood leukocyte count,

CRP, and ESR), and auscultation findings. All 155 patients

underwent testing for influenza and COVID-19, with the

exception of two patients who tested positive for

influenza via PCR and were subsequently included in

the group of 32 patients.

The mean age of the 32 patients with secondary

bacterial pneumonia was 5.21 ± 3.06 years, with the

youngest being 1 year old and the oldest 13 years old.

Sixteen (50%) patients were boys and sixteen (50%) were

girls. Regarding the mean anthropometric findings, the

mean weight was 18.58 ± 8.61 kg, the mean height was

106.03 ± 23.69 cm, and the Body Mass Index (BMI) Z-score

was normal (-1.88 to 0.54 for boys and -1.88 to 0.66 for

girls). Thirteen patients (40.6%) attended school or

kindergarten, while nineteen patients (59.4%) did not. In

Figure 1, the clinical symptoms of the patients are

shown separately. As can be seen, fever, nasal discharge,

and dry cough were the most common symptoms,

observed in 13 patients (40.6%).

The previous records of the patients were checked,

and their information is given in Table 1. None of the

patients had a history of vaccination against influenza.

An analysis was conducted on the severity of

bacterial pneumonia in the affected pediatric

population. The findings revealed that 3 patients (9.4%)

presented with mild pneumonia, 18 patients (56.3%)
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Figure 1. Clinical symptoms of patients with secondary bacterial pneumonia

Table 1. Clinical Records of Patients with Secondary Bacterial Pneumonia a

Variables Values

Prior hospital admission

No 26 (81.3)

Yes 6 (18.7)

Past medical history

No 29 (90.7)

Cerebral palsy 1 (3.1)

Immunity deficiency 1 (3.1)

Kartagener syndrome 1 (3.1)

Recent antibiotic intake

No 19 (59.4)

Yes 13 (40.6)

a Values are expressed as No. (%).

exhibited moderate pneumonia, and 11 patients (34.4%)

were diagnosed with severe pneumonia. The imaging

results for these patients are illustrated in Figure 2.

Notably, lobar pneumonia was identified in 65.62% of

the cases.

Laboratory results indicated that 15 patients (46.9%)

exhibited leukocytosis, while all patients presented with

negative blood cultures. The study also examined

complications related to secondary bacterial

pneumonia, the need for mechanical ventilation, and

hospitalization in the PICU. The outcomes of these

investigations are detailed in Table 2.

The mean hospitalization duration of the patients

was 11.34 ± 8.63 days, and the mean length of treatment

was 11.50 ± 7.90 days. The type of prescribed first-line

antibiotics and the results of treatment with them were

investigated. Information related to the type of

antibiotics was evaluated. In terms of antibiotics,

vancomycin was prescribed more than other antibiotics

(71.8%). Next, meropenem was prescribed in 50% of cases,

and ceftriaxone in 43.6% of patients. The combination of

meropenem and vancomycin was prescribed in 46.9% of

patients, and the combination of ceftriaxone and

clindamycin was prescribed in 24.9% of patients. Out of

32 patients, 30 had a good response to antibiotics, and

only 2 patients did not respond well to vancomycin,

meropenem, ceftriaxone, and clindamycin, for which

colistin and linezolid were prescribed, and they

responded.

Finally, the relationship between secondary bacterial

pneumonia severity with complications, hospitalization

in PICU, and the need for mechanical ventilation was

https://brieflands.com/articles/apid-157948
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Figure 2. Imaging findings of lung involvement following bacterial pneumonia

Table 2. Complications of Secondary Bacterial Pneumonia, Mechanical Ventilation, and Admission to PICU a

Variables Values

Complication of pneumonia

None 20 (62.5)

Pneumothorax 3 (9.3)

Empyema 2 (6.3)

Plural effusion 1 (3.1)

Chest tube 3 (9.4)

Pneumothorax, empyema 2 (6.3)

Plural effusion, chest tube 1 (3.1)

PICU admission

No 25 (78.1)

Yes 7 (21.9)

Mechanical ventilation

No 30 (93.8)

Yes 2 (6.2)

Abbreviation: PICU, pediatric intensive care unit.

a Values are expressed as No. (%).

measured. It was found that the severity of secondary

bacterial pneumonia is associated with hospitalization

in PICU and the occurrence of complications (P < 0.05).
However, there was no association between the severity

of pneumonia and the need for mechanical ventilation

(P = 0.131, Table 3).

The mean ± SD of ESR (mm/hr) and CRP (mg/L) were

58.47 ± 38.963 and 35.50 ± 21.466, respectively.

5. Discussion

In the present investigation, we sought to assess the

prevalence of secondary bacterial pneumonia among

pediatric patients in a tertiary care facility located in
Tehran. Our findings indicated that out of 155 pediatric

patients admitted for COVID-19 or influenza, 32 (20.64%)

were diagnosed with secondary bacterial pneumonia.

Respiratory viral infections, such as influenza and

COVID-19, often result in secondary infections that can
worsen disease severity and elevate mortality rates

among those affected (20). This issue is particularly
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Table 3. Relationship Between Secondary Bacterial Pneumonia Severity and Complications, Hospitalization in Pediatric Intensive Care Unit, and the Need for Mechanical

Ventilation a, b

Variables
Severity of Pneumonia

P-Value c
Mild (N = 3) Moderate (N = 18) Severe (N = 11)

Complication of pneumonia - 2 (11.1) 10 (90.9) 0.02

PICU admission - 1 (14.29) 6 (85.71) < 0.001

Need to mechanical ventilation - - 2 (100) 0.13

Abbreviation: PICU, pediatric intensive care unit.

a Values are expressed as No. (%).

b There was no mortality in our case.

c Fisher exact test or chi-square.

pronounced in influenza cases, as demonstrated by a

recent meta-analysis of 27 studies, which reported an

overall bacterial coinfection incidence of 23%.

The most commonly identified pathogens in these

coinfections were Streptococcus pneumoniae, which

accounted for 35% of cases, and S. aureus, which

represented 28% of the coinfections, with significant

variability noted across various studies (21). The

incidence rates of secondary infections in patients

diagnosed with COVID-19 have been reported to range

from 5% to 100%. In critically ill patients, respiratory and

bloodstream infections were found to be the primary

sites of infection (22-32). In our study, we determined

that the incidence rate of bacterial pneumonia was

20.64%, and notably, there were no fatalities among our

patients. All blood cultures from the patients returned

negative results, suggesting that the respiratory system

was the main site of bacterial infections in our research.

Shafran et al. assessed the influence of secondary

bacterial infections on the clinical progression and

mortality rates of patients with COVID-19 in comparison

to those with influenza. The findings indicated that

patients with COVID-19 had a higher incidence of

bacterial infections, with rates of 12.6%, compared to 8.7%

in influenza patients. The presence of secondary

infections was linked to an increased mortality risk in

both cohorts, with a 2.7-fold increase (1.22 - 5.83) for

COVID-19 patients and a 3.09-fold increase (1.11 - 7.38) for

those with influenza. Mortality rates were significantly

higher in COVID-19 patients when adjusted for age and

clinical factors, whereas this adjustment did not yield

significant results for influenza patients. The findings

suggest that secondary bacterial infections represent a

critical complication that leads to poorer outcomes in

individuals with COVID-19 compared to those with

influenza. Therefore, vigilant monitoring and timely

antibiotic intervention may prove beneficial for these

patients (33).

In the current study, we did not compare the clinical

data of COVID-19 with influenza patients, which was one

of the differences between the current study and

Shafran et al.'s study. Although we did not find any

mortality in our case, we found that antibiotic therapy

helps to manage patients with secondary bacterial

infection (33). It should be noted that antibiotic

resistance should be considered in these patients

because we found that 2 out of 32 (6.25%) of our patients

were resistant to common first-line antibiotics, and we

treated them by adding colistin and linezolid.

In a cohort of nineteen COVID-19 patients,

Sharifipour et al. (23) reported that the mean duration

of stay in the ICU was around 15 days. All patients tested

positive for bacterial infections, with 17 strains of

Acinetobacter baumannii (90%) and 2 strains of S. aureus

(10%) identified. No variations in bacterial species were

observed across different sampling points. All 17 strains

of A. baumannii exhibited resistance to the antibiotics

tested. Notably, no strains of A. baumannii producing

metallo-beta-lactamases were detected. Among the S.

aureus isolates, one was identified as methicillin-

resistant and was obtained from the patient who passed

away, whereas another strain was found to be

methicillin-sensitive and susceptible to the antibiotics

tested. This study highlights the significant risk of

superinfection in COVID-19 patients associated with A.
baumannii and S. aureus, underscoring the necessity of

monitoring bacterial co-infections in critically ill COVID-

19 patients.

Evidence reported that clinical and laboratory

parameters in children diagnosed with COVID-19

infection can be used for the prediction of the severity

of COVID-19 disease (34). Beliavsky et al. indicated that

secondary bacterial infections following COVID-19 are

linked to prolonged hospital and ICU stays, as well as an

increased requirement for mechanical ventilation. They

noted that the incidence of secondary bacterial
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infections in COVID-19 patients was 55% (35). In contrast,

our study revealed an incidence of secondary bacterial

pneumonia at 20.64%, which is significantly lower than

the figure reported by Beliavsky et al. Our findings

suggest that as the severity of secondary bacterial

pneumonia increases, both the complications

associated with pneumonia and the duration of PICU

admission also rise; however, no association was found

between the severity of pneumonia and the necessity for

mechanical ventilation. In our study, the sample size in

the subgroup of patients who need mechanical

ventilation is limited, so the results are limited in

generalizability (35).

Lai et al. reported on a cohort of 161 children

diagnosed with COVID-19 who were hospitalized, among

whom 24 exhibited bacterial coinfections, representing

14.9% of the total. The cohort with bacterial coinfections

demonstrated increased white blood cell (WBC) counts.

Additionally, this group had a higher proportion of

patients requiring high-flow nasal cannula oxygen. The

length of hospitalization and the duration of stay in the

PICU were significantly prolonged for children with

COVID-19 and bacterial coinfections. Importantly, there

were no fatalities recorded. Identified risk factors for

bacterial coinfections in the context of COVID-19

included abdominal pain, diarrhea, and neurological

symptoms (36).

In the current study, we found that the rate of

secondary bacterial pneumonia was 20.64%, which was

relatively similar to the report by Lai et al. We

demonstrated that the severity of bacterial pneumonia

was associated with longer PICU stays and the

complications of secondary bacterial infection, which

was relatively similar to Lai et al.'s findings (36). We did

not assess the risk factors for the presence of secondary

bacterial infection, but we found that the most common

clinical manifestations were fever, cough, and dyspnea,

which were not the clinical manifestations Lai et al.

mentioned. This finding was different between the two

studies, and the causes of this difference should be

evaluated in further studies (36). Similar to Lai et al.’s

study, we had no deaths in our cases. In terms of

laboratory studies, we found that inflammatory

markers like WBC and ESR were elevated during the

assessment, which was similar to Lai et al.’s study (36).

Alqahtani et al. conducted a study to evaluate the

impact of secondary bacterial infections on the

admission of COVID-19 patients to ICUs in Saudi Arabia.

Their findings indicated that the duration of

hospitalization for patients suffering from both COVID-

19 and bacterial infections was considerably longer

compared to those without bacterial infections.

Furthermore, the mortality rates were notably elevated

among patients with secondary bacterial infections (37).

In our current investigation, we observed that the

length of stay in the PICU increased in correlation with

the severity of pneumonia caused by secondary

bacterial infections; however, no fatalities were

recorded in our cases. This suggests that prompt

intervention for patients experiencing secondary

bacterial infections following viral infections may

contribute to a reduction in mortality rates.

In our study, the mean ESR was 58.47 mm/hr (SD =

38.963) and the mean CRP was 35.50 mg/L (SD = 21.466).

Although our study did not include a non-bacterial

pneumonia group for direct comparison, it is well-

established in the literature that CRP levels are generally

higher in bacterial pneumonia than in non-bacterial

forms (38). However, ESR levels do not have optimal

sensitivity for differentiating between bacterial and

non-bacterial pneumonia (39, 40).

Clinical studies conducted in China reveal that

patients diagnosed with COVID-19 are often prescribed

antibiotics, including azithromycin, moxifloxacin,

ceftriaxone, vancomycin, and cefepime, as a preventive

strategy against hospital-acquired infections. This

practice is categorized as prophylactic. In cases where

bacterial infections occur despite the use of antibiotic

prophylaxis, particularly those involving drug-resistant

strains, alternative combinations of the same

antibiotics are utilized for therapeutic purposes. Both

prophylactic and therapeutic approaches employ the

same classes and dosages of antibiotics; however, many

health organizations and governmental authorities

globally advise against prophylactic use. This

recommendation is primarily due to the increasing

prevalence of antibiotic resistance, which is associated

with the overuse and inappropriate application of these

drugs. Additionally, the risk of superinfection with

multidrug-resistant (MDR) bacteria complicates the

treatment of critically ill COVID-19 patients in ICUs (41-

43).

In our cases, we administered vancomycin,

meropenem, ceftriaxone, and clindamycin, resulting in

a favorable treatment response. Only two patients did

not respond adequately; however, after incorporating

colistin and linezolid into their treatment regimen, they

achieved full recovery.

Given that only 32 patients had secondary bacterial

pneumonia and this sample size cannot be generalized

to the entire population, the results should not be

interpreted as a general rule. The sample selected was

only hospital patients, and in the community, healthier

people naturally become infected with influenza or
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COVID-19. Therefore, only referrals are not the decision-

making criteria, and the written interpretations should

be used with caution. A more generalizable conclusion

may be presented after the publication of related meta-

analyses in this field.

While our study focused on describing secondary

bacterial pneumonia in pediatric patients with

influenza and COVID-19, we acknowledge that

comparing patients with and without secondary

bacterial pneumonia using advanced statistical models

could have provided further insight into potential risk

factors. However, due to the relatively small number of

cases, applying such models would likely result in

overfitting. We suggest that future studies with larger

sample sizes explore these associations using more

robust multivariable approaches.

5.1. Conclusions

The analysis showed a high rate of secondary

bacterial pneumonia in children recovering from

COVID-19 and influenza, with pneumonia severity linked

to ICU admissions and complications. Common

symptoms included fever, cough, and breathing

difficulty. Most patients responded well to first-line

antibiotics, and no deaths were reported. These findings

highlight the importance of early recognition and

empirical antibiotic treatment. Future research should

focus on balanced viral groups, accurate

microbiological confirmation, and comparative

analysis.

Footnotes

Authors' Contribution: Study concept and design: E.

S. and H. P.; Acquisition of data: E. S.; Analysis and

interpretation of data: A. R. F.; Drafting of the

manuscript: E. S. and H. P.; Critical revision of the

manuscript for important intellectual content: M. K. and

S. A. T.; Statistical analysis: M. K. and S. A. T.;

Administrative, technical, and material support: E. S.

and H. P.; Study supervision: H. P.

Conflict of Interests Statement: The authors declare

no conflict of interest.

Data Availability: The dataset presented in the study

is available on request from the corresponding author

during submission or after publication.

Ethical Approval: This study is approved under the

Ethical Committee of Shahid Beheshti University of

Medical Sciences IR.SBMU.MSP.REC.1402.443 .

Funding/Support: The present study received no

funding/support.

Informed Consent: Informed consent was obtained.

References

1. Morris DE, Cleary DW, Clarke SC. Secondary Bacterial Infections

Associated with Influenza Pandemics. Front Microbiol. 2017;8:1041.

[PubMed ID: 28690590]. [PubMed Central ID: PMC5481322].

https://doi.org/10.3389/fmicb.2017.01041.

2. Morens DM, Taubenberger JK, Fauci AS. Predominant role of bacterial

pneumonia as a cause of death in pandemic influenza: implications

for pandemic influenza preparedness. J Infect Dis. 2008;198(7):962-70.

[PubMed ID: 18710327]. [PubMed Central ID: PMC2599911].

https://doi.org/10.1086/591708.

3. McCullers JA. The co-pathogenesis of influenza viruses with bacteria

in the lung. Nat Rev Microbiol. 2014;12(4):252-62. [PubMed ID:

24590244]. https://doi.org/10.1038/nrmicro3231.

4. Metzger DW, Sun K. Immune dysfunction and bacterial coinfections

following influenza. J Immunol. 2013;191(5):2047-52. [PubMed ID:

23964104]. [PubMed Central ID: PMC3760235].

https://doi.org/10.4049/jimmunol.1301152.

5. Jia L, Xie J, Zhao J, Cao D, Liang Y, Hou X, et al. Mechanisms of Severe

Mortality-Associated Bacterial Co-infections Following Influenza

Virus Infection. Front Cell Infect Microbiol. 2017;7:338. [PubMed ID:

28824877]. [PubMed Central ID: PMC5540941].

https://doi.org/10.3389/fcimb.2017.00338.

6. MacIntyre CR, Chughtai AA, Barnes M, Ridda I, Seale H, Toms R, et al.

The role of pneumonia and secondary bacterial infection in fatal and

serious outcomes of pandemic influenza a(H1N1)pdm09. BMC Infect

Dis. 2018;18(1):637. [PubMed ID: 30526505]. [PubMed Central ID:

PMC6286525]. https://doi.org/10.1186/s12879-018-3548-0.

7. Langford BJ, So M, Leung V, Raybardhan S, Lo J, Kan T, et al. Predictors

and microbiology of respiratory and bloodstream bacterial infection

in patients with COVID-19: living rapid review update and meta-

regression. Clin Microbiol Infect. 2022;28(4):491-501. [PubMed ID:

34843962]. [PubMed Central ID: PMC8619885].

https://doi.org/10.1016/j.cmi.2021.11.008.

8. Musuuza JS, Watson L, Parmasad V, Putman-Buehler N, Christensen L,

Safdar N. Prevalence and outcomes of co-infection and

superinfection with SARS-CoV-2 and other pathogens: A systematic

review and meta-analysis. PLoS One. 2021;16(5). e0251170. [PubMed ID:

33956882]. [PubMed Central ID: PMC8101968].

https://doi.org/10.1371/journal.pone.0251170.

9. Gan Y, Zhang G, Sun H, Lyu X. Clinical characteristics and risk factors

for bacterial co-infections in COVID-19 patients: A retrospective study.

J Glob Antimicrob Resist. 2024;38:6-11. [PubMed ID: 38723711].

https://doi.org/10.1016/j.jgar.2024.04.007.

10. Ippolito M, Misseri G, Catalisano G, Marino C, Ingoglia G, Alessi M, et

al. Ventilator-Associated Pneumonia in Patients with COVID-19: A

Systematic Review and Meta-Analysis. Antibiotics (Basel). 2021;10(5).

[PubMed ID: 34067186]. [PubMed Central ID: PMC8150614].

https://doi.org/10.3390/antibiotics10050545.

11. Fumagalli J, Panigada M, Klompas M, Berra L. Ventilator-associated

pneumonia among SARS-CoV-2 acute respiratory distress syndrome

patients. Curr Opin Crit Care. 2022;28(1):74-82. [PubMed ID: 34932525].

[PubMed Central ID: PMC8711306].

https://doi.org/10.1097/MCC.0000000000000908.

12. DeVoe C, Segal MR, Wang L, Stanley K, Madera S, Fan J, et al. Increased

rates of secondary bacterial infections, including Enterococcus

bacteremia, in patients hospitalized with coronavirus disease 2019

https://brieflands.com/articles/apid-157948
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=407552
http://www.ncbi.nlm.nih.gov/pubmed/28690590
https://www.ncbi.nlm.nih.gov/pmc/PMC5481322
https://doi.org/10.3389/fmicb.2017.01041
http://www.ncbi.nlm.nih.gov/pubmed/18710327
https://www.ncbi.nlm.nih.gov/pmc/PMC2599911
https://doi.org/10.1086/591708
http://www.ncbi.nlm.nih.gov/pubmed/24590244
https://doi.org/10.1038/nrmicro3231
http://www.ncbi.nlm.nih.gov/pubmed/23964104
https://www.ncbi.nlm.nih.gov/pmc/PMC3760235
https://doi.org/10.4049/jimmunol.1301152
http://www.ncbi.nlm.nih.gov/pubmed/28824877
https://www.ncbi.nlm.nih.gov/pmc/PMC5540941
https://doi.org/10.3389/fcimb.2017.00338
http://www.ncbi.nlm.nih.gov/pubmed/30526505
https://www.ncbi.nlm.nih.gov/pmc/PMC6286525
https://doi.org/10.1186/s12879-018-3548-0
http://www.ncbi.nlm.nih.gov/pubmed/34843962
https://www.ncbi.nlm.nih.gov/pmc/PMC8619885
https://doi.org/10.1016/j.cmi.2021.11.008
http://www.ncbi.nlm.nih.gov/pubmed/33956882
https://www.ncbi.nlm.nih.gov/pmc/PMC8101968
https://doi.org/10.1371/journal.pone.0251170
http://www.ncbi.nlm.nih.gov/pubmed/38723711
https://doi.org/10.1016/j.jgar.2024.04.007
http://www.ncbi.nlm.nih.gov/pubmed/34067186
https://www.ncbi.nlm.nih.gov/pmc/PMC8150614
https://doi.org/10.3390/antibiotics10050545
http://www.ncbi.nlm.nih.gov/pubmed/34932525
https://www.ncbi.nlm.nih.gov/pmc/PMC8711306
https://doi.org/10.1097/MCC.0000000000000908


Shokraei E et al. Brieflands

Arch Pediatr Infect Dis. 2025; In Press(In Press): e157948 9

(COVID-19). Infect Control Hosp Epidemiol. 2022;43(10):1416-23.

[PubMed ID: 34486503]. [PubMed Central ID: PMC8458844].

https://doi.org/10.1017/ice.2021.391.

13. O'Toole RF. The interface between COVID-19 and bacterial healthcare-

associated infections. Clin Microbiol Infect. 2021;27(12):1772-6. [PubMed

ID: 34111586]. [PubMed Central ID: PMC8182977].

https://doi.org/10.1016/j.cmi.2021.06.001.

14. Baker MA, Sands KE, Huang SS, Kleinman K, Septimus EJ, Varma N, et

al. The Impact of Coronavirus Disease 2019 (COVID-19) on Healthcare-

Associated Infections. Clin Infect Dis. 2022;74(10):1748-54. [PubMed ID:

34370014]. [PubMed Central ID: PMC8385925].

https://doi.org/10.1093/cid/ciab688.

15. Wu Y, Tu W, Lam KT, Chow KH, Ho PL, Guan Y, et al. Lethal coinfection

of influenza virus and Streptococcus pneumoniae lowers antibody

response to influenza virus in lung and reduces numbers of

germinal center B cells, T follicular helper cells, and plasma cells in

mediastinal lymph Node. J Virol. 2015;89(4):2013-23. [PubMed ID:

25428873]. [PubMed Central ID: PMC4338877].

https://doi.org/10.1128/JVI.02455-14.

16. Pletz MW, Welte T. Pneumococcal and influenza vaccination.

Community-Acquired Pneumonia. 2014.

https://doi.org/10.1183/1025448x.10004913.

17. Sigurdsson S, Kristinsson KG, Erlendsdottir H, Hrafnkelsson B,

Haraldsson A. Decreased Incidence of Respiratory Infections in

Children After Vaccination with Ten-valent Pneumococcal Vaccine.

Pediatr Infect Dis J. 2015;34(12):1385-90. [PubMed ID: 26780024].

https://doi.org/10.1097/INF.0000000000000899.

18. Nelson JD. Community-acquired pneumonia in children: guidelines

for treatment. Pediatr Infect Dis J. 2000;19(3):251-3. [PubMed ID:

10749470]. https://doi.org/10.1097/00006454-200003000-00016.

19. Bradley JS, Byington CL, Shah SS, Alverson B, Carter ER, Harrison C, et

al. The management of community-acquired pneumonia in infants

and children older than 3 months of age: clinical practice guidelines

by the Pediatric Infectious Diseases Society and the Infectious

Diseases Society of America. Clin Infect Dis. 2011;53(7):e25-76. [PubMed

ID: 21880587]. [PubMed Central ID: PMC7107838].

https://doi.org/10.1093/cid/cir531.

20. Smith AM, McCullers JA. Secondary bacterial infections in influenza

virus infection pathogenesis. Curr Top Microbiol Immunol.

2014;385:327-56. [PubMed ID: 25027822]. [PubMed Central ID:

PMC7122299]. https://doi.org/10.1007/82_2014_394.

21. Klein EY, Monteforte B, Gupta A, Jiang W, May L, Hsieh YH, et al. The

frequency of influenza and bacterial coinfection: a systematic review

and meta-analysis. Influenza Other Respir Viruses. 2016;10(5):394-403.

[PubMed ID: 27232677]. [PubMed Central ID: PMC4947938].

https://doi.org/10.1111/irv.12398.

22. Cataldo MA, Tetaj N, Selleri M, Marchioni L, Capone A, Caraffa E, et al.

Incidence of bacterial and fungal bloodstream infections in COVID-

19 patients in intensive care: An alarming "collateral effect". J Glob

Antimicrob Resist. 2020;23:290-1. [PubMed ID: 33130024]. [PubMed

Central ID: PMC7598418]. https://doi.org/10.1016/j.jgar.2020.10.004.

23. Sharifipour E, Shams S, Esmkhani M, Khodadadi J, Fotouhi-Ardakani

R, Koohpaei A, et al. Evaluation of bacterial co-infections of the

respiratory tract in COVID-19 patients admitted to ICU. BMC Infect Dis.

2020;20(1):646. [PubMed ID: 32873235]. [PubMed Central ID:

PMC7461753]. https://doi.org/10.1186/s12879-020-05374-z.

24. Kreitmann L, Monard C, Dauwalder O, Simon M, Argaud L. Early

bacterial co-infection in ARDS related to COVID-19. Intensive Care Med.

2020;46(9):1787-9. [PubMed ID: 32661615]. [PubMed Central ID:

PMC7358293]. https://doi.org/10.1007/s00134-020-06165-5.

25. Goncalves Mendes Neto A, Lo KB, Wattoo A, Salacup G, Pelayo J, DeJoy

R3, et al. Bacterial infections and patterns of antibiotic use in

patients with COVID-19. J Med Virol. 2021;93(3):1489-95. [PubMed ID:

32808695]. [PubMed Central ID: PMC7461450].

https://doi.org/10.1002/jmv.26441.

26. Contou D, Claudinon A, Pajot O, Micaelo M, Longuet Flandre P, Dubert

M, et al. Bacterial and viral co-infections in patients with severe SARS-

CoV-2 pneumonia admitted to a French ICU. Ann Intensive Care.

2020;10(1):119. [PubMed ID: 32894364]. [PubMed Central ID:

PMC7475952]. https://doi.org/10.1186/s13613-020-00736-x.

27. Kokkoris S, Papachatzakis I, Gavrielatou E, Ntaidou T, Ischaki E,

Malachias S, et al. ICU-acquired bloodstream infections in critically

ill patients with COVID-19. J Hosp Infect. 2021;107:95-7. [PubMed ID:

33217490]. [PubMed Central ID: PMC7671926].

https://doi.org/10.1016/j.jhin.2020.11.009.

28. Bardi T, Pintado V, Gomez-Rojo M, Escudero-Sanchez R, Azzam Lopez

A, Diez-Remesal Y, et al. Nosocomial infections associated to COVID-19

in the intensive care unit: clinical characteristics and outcome. Eur J

Clin Microbiol Infect Dis. 2021;40(3):495-502. [PubMed ID: 33389263].

[PubMed Central ID: PMC7778834]. https://doi.org/10.1007/s10096-

020-04142-w.

29. Dudoignon E, Camelena F, Deniau B, Habay A, Coutrot M, Ressaire Q,

et al. Bacterial Pneumonia in COVID-19 Critically Ill Patients: A Case

Series. Clin Infect Dis. 2021;72(5):905-6. [PubMed ID: 32544219].

[PubMed Central ID: PMC7337703]. https://doi.org/10.1093/cid/ciaa762.

30. Giacobbe DR, Battaglini D, Ball L, Brunetti I, Bruzzone B, Codda G, et

al. Bloodstream infections in critically ill patients with COVID-19. Eur

J Clin Invest. 2020;50(10). e13319. [PubMed ID: 32535894]. [PubMed

Central ID: PMC7323143]. https://doi.org/10.1111/eci.13319.

31. Soheila R, Arezoo B, Galavani H, Saber R. Comments on” Genetic

characterization and phylogenetic analysis of Fasciola species based

on ITS2 gene sequence, with first molecular evidence of intermediate

Fasciola from water buffaloes in Aswan, Egypt”. Annals of

parasitology. 2021;67(2).

32. Abdolkarimi B, Hatami Mazinani N, Amanati A. Differentiation

Syndrome Mimicking COVID-19 Pneumonia. Archives of Pediatric

Infectious Diseases. 2020;8(3).

https://doi.org/10.5812/pedinfect.104598.

33. Shafran N, Shafran I, Ben-Zvi H, Sofer S, Sheena L, Krause I, et al.

Secondary bacterial infection in COVID-19 patients is a stronger

predictor for death compared to influenza patients. Sci Rep.

2021;11(1):12703. [PubMed ID: 34135459]. [PubMed Central ID:

PMC8209102]. https://doi.org/10.1038/s41598-021-92220-0.

34. Koupaei HS, Nazari S, Armin S, Zeinali V. Analysis of Clinical and

Radiologic Parameters in Children Diagnosed with COVID-19

Infection at Admission and Discharge. Arch Pediatr. 2024;12(3).

e145434.

35. Beliavsky A, Johnston B, Li Q, Tomlinson G, Kaul R, Granton J.

Secondary infections in critically ill patients with viral pneumonia

due to COVID-19 and influenza: a historical cohort study. Can J

Anaesth. 2023;70(3):374-83. [PubMed ID: 36918454]. [PubMed Central

ID: PMC10013978]. https://doi.org/10.1007/s12630-022-02376-0.

36. Lai HC, Hsu YL, Lin CH, Wei HM, Chen JA, Low YY, et al. Bacterial

coinfections in hospitalized children with COVID-19 during the SARS-

CoV-2 Omicron BA.2 variant pandemic in Taiwan. Front Med

(Lausanne). 2023;10:1178041. [PubMed ID: 37144031]. [PubMed Central

ID: PMC10151712]. https://doi.org/10.3389/fmed.2023.1178041.

37. Alqahtani A, Alamer E, Mir M, Alasmari A, Alshahrani MM, Asiri M, et

al. Bacterial Coinfections Increase Mortality of Severely Ill COVID-19

Patients in Saudi Arabia. Int J Environ Res Public Health. 2022;19(4).

[PubMed ID: 35206609]. [PubMed Central ID: PMC8871991].

https://doi.org/10.3390/ijerph19042424.

38. Flood RG, Badik J, Aronoff SC. The utility of serum C-reactive protein

in differentiating bacterial from nonbacterial pneumonia in

children: a meta-analysis of 1230 children. Pediatr Infect Dis J.

2008;27(2):95-9. [PubMed ID: 18174874].

https://doi.org/10.1097/INF.0b013e318157aced.

https://brieflands.com/articles/apid-157948
http://www.ncbi.nlm.nih.gov/pubmed/34486503
https://www.ncbi.nlm.nih.gov/pmc/PMC8458844
https://doi.org/10.1017/ice.2021.391
http://www.ncbi.nlm.nih.gov/pubmed/34111586
https://www.ncbi.nlm.nih.gov/pmc/PMC8182977
https://doi.org/10.1016/j.cmi.2021.06.001
http://www.ncbi.nlm.nih.gov/pubmed/34370014
https://www.ncbi.nlm.nih.gov/pmc/PMC8385925
https://doi.org/10.1093/cid/ciab688
http://www.ncbi.nlm.nih.gov/pubmed/25428873
https://www.ncbi.nlm.nih.gov/pmc/PMC4338877
https://doi.org/10.1128/JVI.02455-14
https://doi.org/10.1183/1025448x.10004913
http://www.ncbi.nlm.nih.gov/pubmed/26780024
https://doi.org/10.1097/INF.0000000000000899
http://www.ncbi.nlm.nih.gov/pubmed/10749470
https://doi.org/10.1097/00006454-200003000-00016
http://www.ncbi.nlm.nih.gov/pubmed/21880587
https://www.ncbi.nlm.nih.gov/pmc/PMC7107838
https://doi.org/10.1093/cid/cir531
http://www.ncbi.nlm.nih.gov/pubmed/25027822
https://www.ncbi.nlm.nih.gov/pmc/PMC7122299
https://doi.org/10.1007/82_2014_394
http://www.ncbi.nlm.nih.gov/pubmed/27232677
https://www.ncbi.nlm.nih.gov/pmc/PMC4947938
https://doi.org/10.1111/irv.12398
http://www.ncbi.nlm.nih.gov/pubmed/33130024
https://www.ncbi.nlm.nih.gov/pmc/PMC7598418
https://doi.org/10.1016/j.jgar.2020.10.004
http://www.ncbi.nlm.nih.gov/pubmed/32873235
https://www.ncbi.nlm.nih.gov/pmc/PMC7461753
https://doi.org/10.1186/s12879-020-05374-z
http://www.ncbi.nlm.nih.gov/pubmed/32661615
https://www.ncbi.nlm.nih.gov/pmc/PMC7358293
https://doi.org/10.1007/s00134-020-06165-5
http://www.ncbi.nlm.nih.gov/pubmed/32808695
https://www.ncbi.nlm.nih.gov/pmc/PMC7461450
https://doi.org/10.1002/jmv.26441
http://www.ncbi.nlm.nih.gov/pubmed/32808695
https://www.ncbi.nlm.nih.gov/pmc/PMC7461450
https://doi.org/10.1002/jmv.26441
http://www.ncbi.nlm.nih.gov/pubmed/32894364
https://www.ncbi.nlm.nih.gov/pmc/PMC7475952
https://doi.org/10.1186/s13613-020-00736-x
http://www.ncbi.nlm.nih.gov/pubmed/33217490
https://www.ncbi.nlm.nih.gov/pmc/PMC7671926
https://doi.org/10.1016/j.jhin.2020.11.009
http://www.ncbi.nlm.nih.gov/pubmed/33389263
https://www.ncbi.nlm.nih.gov/pmc/PMC7778834
https://doi.org/10.1007/s10096-020-04142-w
https://doi.org/10.1007/s10096-020-04142-w
http://www.ncbi.nlm.nih.gov/pubmed/32544219
https://www.ncbi.nlm.nih.gov/pmc/PMC7337703
https://doi.org/10.1093/cid/ciaa762
http://www.ncbi.nlm.nih.gov/pubmed/32535894
https://www.ncbi.nlm.nih.gov/pmc/PMC7323143
https://doi.org/10.1111/eci.13319
https://doi.org/10.5812/pedinfect.104598
http://www.ncbi.nlm.nih.gov/pubmed/34135459
https://www.ncbi.nlm.nih.gov/pmc/PMC8209102
https://doi.org/10.1038/s41598-021-92220-0
http://www.ncbi.nlm.nih.gov/pubmed/36918454
https://www.ncbi.nlm.nih.gov/pmc/PMC10013978
https://doi.org/10.1007/s12630-022-02376-0
http://www.ncbi.nlm.nih.gov/pubmed/37144031
https://www.ncbi.nlm.nih.gov/pmc/PMC10151712
https://doi.org/10.3389/fmed.2023.1178041
http://www.ncbi.nlm.nih.gov/pubmed/35206609
https://www.ncbi.nlm.nih.gov/pmc/PMC8871991
https://doi.org/10.3390/ijerph19042424
http://www.ncbi.nlm.nih.gov/pubmed/18174874
https://doi.org/10.1097/INF.0b013e318157aced


Shokraei E et al. Brieflands

10 Arch Pediatr Infect Dis. 2025; In Press(In Press): e157948

39. Virkki R, Juven T, Rikalainen H, Svedstrom E, Mertsola J, Ruuskanen O.

Differentiation of bacterial and viral pneumonia in children. Thorax.

2002;57(5):438-41. [PubMed ID: 11978922]. [PubMed Central ID:

PMC1746322]. https://doi.org/10.1136/thorax.57.5.438.

40. Gunaratnam LC, Robinson JL, Hawkes MT. Systematic Review and

Meta-Analysis of Diagnostic Biomarkers for Pediatric Pneumonia. J

Pediatric Infect Dis Soc. 2021;10(9):891-900. [PubMed ID: 34213563].

https://doi.org/10.1093/jpids/piab043.

41. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical

Characteristics of 138 Hospitalized Patients With 2019 Novel

Coronavirus-Infected Pneumonia in Wuhan, China. JAMA.

2020;323(11):1061-9. [PubMed ID: 32031570]. [PubMed Central ID:

PMC7042881]. https://doi.org/10.1001/jama.2020.1585.

42. Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman J, Bruce H, et al.

First Case of 2019 Novel Coronavirus in the United States. N Engl J

Med. 2020;382(10):929-36. [PubMed ID: 32004427]. [PubMed Central

ID: PMC7092802]. https://doi.org/10.1056/NEJMoa2001191.

43. Manohar P, Loh B, Nachimuthu R, Hua X, Welburn SC, Leptihn S.

Secondary Bacterial Infections in Patients With Viral Pneumonia.

Front Med (Lausanne). 2020;7:420. [PubMed ID: 32850912]. [PubMed

Central ID: PMC7419580]. https://doi.org/10.3389/fmed.2020.00420.

https://brieflands.com/articles/apid-157948
http://www.ncbi.nlm.nih.gov/pubmed/11978922
https://www.ncbi.nlm.nih.gov/pmc/PMC1746322
https://doi.org/10.1136/thorax.57.5.438
http://www.ncbi.nlm.nih.gov/pubmed/34213563
https://doi.org/10.1093/jpids/piab043
http://www.ncbi.nlm.nih.gov/pubmed/32031570
https://www.ncbi.nlm.nih.gov/pmc/PMC7042881
https://doi.org/10.1001/jama.2020.1585
http://www.ncbi.nlm.nih.gov/pubmed/32031570
https://www.ncbi.nlm.nih.gov/pmc/PMC7042881
https://doi.org/10.1001/jama.2020.1585
http://www.ncbi.nlm.nih.gov/pubmed/32004427
https://www.ncbi.nlm.nih.gov/pmc/PMC7092802
https://doi.org/10.1056/NEJMoa2001191
http://www.ncbi.nlm.nih.gov/pubmed/32850912
https://www.ncbi.nlm.nih.gov/pmc/PMC7419580
https://doi.org/10.3389/fmed.2020.00420

