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Abstract

Objective: In this study, we aimed to report a recent significant outbreak of pneumonia with an unexpectedly high rate of parapneu-

monic effusion/empyema in children.

Materials and Methods: This retrospective cross-sectional study was conducted in the Children’s Medical Center of Tehran, Iran
from September 23, 2022, to November 23, 2022. All children with pneumonia and parapneumonic effusion hospitalized at the emer-
gency department of a tertiary referral hospital were reviewed. Medical records of patients eligible for the study were retrieved from
the archives and the following parameters were recorded: age, gender, hematologic indices, blood culture, CXR findings, sonographic

parameters, pleural fluid analysis parameters, and treatments. Statistical analysis was performed with SPSS.

Results: 36 children with pneumonia and parapneumonic effusion/empyema were reported in our study (mean age = 68.41 + 32.54
months, 55.6% females). 20 patients (55.5%) developed empyema. The mean duration of admission was 11.41 + 6.49 days. Except
for a case with a positive influenza test (2.77%), all patients tested negative for influenza types A and B, RSV, and COVID-19. Blood
culture was negative in 87.5% of patients without empyema and 80% of patients with empyema. Pleural fluid smear and culture were
negative in 84.2% and 73.7% of cases, respectively. No significant difference was found between patients receiving and not receiving
fibrinolytic therapy in terms of any study parameters.

Conclusion: An unexplained unexpected significant rise in parapneumonic effusion and empyema has been observed in recent
weeks among children with pneumonia. Bacterial cultures and viral tests were negative in the majority of cases. Searching for a prob-
able new viral infection with a high rate of parapneumonic effusion/empyema as the underlying cause of this phenomenon should

be undertaken promptly.
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Introduction

Parapneumonic effusion and empyema are well-characterized complications consequent to pneumonia [1]. Inflammatory and infec-
tious involvement of pleura leads to the development of parapneumonic effusion. With the leakage of proteins, fluids, and cells. As the dis-

ease progresses, the effusion becomes invaded by the bacteria and grows fibrotic and thick which leads to the formation of empyema [2,3].

Reports have shown that parapneumonic effusion or empyema occurs in 2 - 12% of pediatric pneumonia patients. This prevalence
increases to 28% in hospitalized patients [2,3]. Young children are more susceptible to these entities with a prevalence of approximately 4
cases per 100000 population age < 4 years [2]. Reports from different regions of the world have indicated a rising trend in the incidence of
empyema in the at least last two decades [4-11]. The main cause of this epidemiological alteration has been theorized to be the introduc-
tion of PCV-7 followed by the PCV-13 (Prevnar 13) vaccine. This vaccine has reduced the incidence of pneumonia and its complications but
since then, the incidence of parapneumonic effusion and empyema has continued to grow. Some authors have stated that the vaccine acts
against some serotypes of pneumococcus but does not target some serotypes which strongly leads to empyema in pediatric patients [12-
15]. Prevnar 13 vaccine is not included in the vaccination program of Iran, yet the anecdotal evidence and observations by authors in the
routine daily practice show a significant increase in empyema in pediatric Iranian patients with pneumonia. Some studies have reported
this increasing trend before the introduction of the PCV-7 vaccine. They have claimed that alterations in serotype distribution or changes

in virulence of empyema-causing pathogens may lead to such findings [16,17].

Due to the COVID-19 pandemic in the last two years, schools were closed down and face masks were extensively used by the general
population. Since the drops in COVID-19 cases and massive vaccination, schools were re-opened and children returned to schools. As well,
using face masks was significantly decreased. Thus, the transmission of infections was facilitated in the recent autumn season. In this set-
ting, we faced an unexpected huge increase in pediatric pneumonia cases presented to the emergency department with parapneumonic
effusion or empyema. We assumed that this phenomenon might be attributed to the post-COVID-19 changes in patterns of respiratory
infections and expected increases in influenza cases which might present as superinfection of bacterial pathogens over underlying influ-

enza.

Aim of the Study

This study aimed to assess this hypothesis for the explanation of the surge in parapneumonic effusion/empyema cases.

Materials and Methods

This retrospective cross-sectional study was conducted in the Children’s Medical Center of Tehran, Iran from September 23, 2022, to
November 23, 2022. In this study, all children with pneumonia diagnosis on chest X-ray and confirmed parapneumonic effusion on sonog-

raphy whose illness was so severe that needed hospitalization, were evaluated.

Criteria for diagnosis of empyema in our study included evidence of pus, positive culture, positive smear, pH < 7.2, leukocyte count >
50,000/mm?3, Protein > 3 g/dL, LDH > 200 IU/L or glucose < 60 mg/dL in the pleural fluid. Patients not meeting the criteria of empyema
were assigned to the non-empyema group. Patients with a diagnosis of nosocomial pneumonia, aspiration pneumonia, cystic fibrosis, and

other structural lung diseases were excluded from the study.

Medical records of patients eligible for the study were retrieved from the archives and the following parameters were recorded: age,
gender, hematologic indices (WBC, neutrophil count, CRP, ESR), blood culture, CXR findings (consolidation, pleural effusion, hemithorax
opacities, etc), sonographic parameters (pleural effusion volume and diameter, etc), pleural fluid analysis parameters (pH, LDH, glucose,
culture, etc) and treatments (antibiotics, corticosteroid pulse, ICU admission, and fibrinolytic therapy). Fibrinolytic therapy used in our
study was tPA with the following regimen: for patients over 10 kg, 0.1 mg/kg (maximum 6 mg) tPA was mixed with 1 mg/kg normal saline
(maximum 5 ml), and then intrapleural injection was performed with drain clamp for 1 hour. This procedure was done daily for 3 consecu-

tive days. For patients below 10 kg, 1 mg/kg tPA was mixed with 10 ml of normal saline and was then injected.

Statistical analysis was performed with IBM SPSS Statistics for Windows, version 25 (IBM Corp., Armonk, N.Y,, USA). Descriptive analy-
sis is presented in the form of frequency and percentage or mean and standard deviation. Independent t-test and chi-square test were

used for the comparison of continuous and categorical parameters. P-value < 0.05 was considered as the statistical significance threshold.
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Results

36 children with pneumonia and parapneumonic effusion/empyema were presented to the emergency department in the study pe-
riod. The mean age of patients was 68.41 + 32.54 months. 16 patients (44.4%) were males while 20 patients (55.6%) were females. 20
patients (55.5%) developed empyema. The mean duration of admission was 11.41 + 6.49 days. Except for one case (2.77%) with a positive

influenza test, all patients tested negative for influenza types A and B, RSV, and COVID-19.

Hematological indices, radiologic findings, and treatments in patients who did not develop empyema are presented in table 1.

Parameter Patients without empyema
Laboratory parameters on admission
Leukopenia 1 (6.3%)
Leukocytosis 8 (50%)
Neutropenia 2 (12.5%)
Elevated CRP 16 (100%)
Elevated ESR 16 (100%)
Blood culture
Negative 14 (87.5%)
Positive for Streptococcus pneumoniae 2 (12.5%)
Positive for Haemophilus influenzae 0 (0%)
Imaging findings
CXR
Preumonia Unilateral 8 (50%)
Bilateral 4 (25%)
Unilateral 14 (87.5%)
Pleural effusion
Bilateral 2 (12.5%)
Unilateral 1 (6.3%)
Atelectasis
Bilateral 0 (0%)
Sonography
Pleural effusion volume 116.66 £ 68.60
Pleural effusion diameter 6.75+2.62
Treatments
Antibiotic therapy
Meropenem 0 (0%)
Third-generation cephalosporins 15 (93.75%)
Vancomycin 8 (57.1%)
Clindamycin 6 (42.9%)
Amikacin 0 (0%)
Rifampin 0 (0%)
Cloxacillin 0 (0%)
Intubation 0 (0%)
ICU admission 0 (0%)
Non-invasive ventilation 1 (6.3%)
Fibrinolytic therapy 0 (0%)

Table 1: Hematological laboratory indices, imaging findings, and treatments in patients without empyema.
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The hematologic indices, imaging findings, and treatment of patients who developed empyema are also summarized in table 2.

Parameter Patients with empyema
Laboratory parameters
Leukopenia 2 (10%)
Leukocytosis 12 (60%)
Neutropenia 1(5%)
Elevated CRP 19 (95%)
Elevated ESR 20 (100%)
Blood culture
Negative 16 (80%)
Positive for Streptococcus pneumoniae 3 (15%)
Positive for Haemophilus influenzae 1(5%)
Imaging findings
CXR
Pneumonia Unilateral 13 (65%)
Bilateral 4 (20%)
Unilateral 15 (75%)
Pleural effusion
Bilateral 5 (25%)
Unilateral 0 (0%)
Atelectasis
Bilateral 0 (0%)
Unilateral 1 (5%)
Cavity
Bilateral 0 (0%)
Sonography
Pleural effusion volume 418.57 + 228.57
Pleural effusion diameter 13.12+8.33
Treatments
Antibiotic therapy
Meropenem 11 (55%)
Third-generation cephalosporins 9
Vancomycin 17 (85%)
Clindamycin 3 (15%)
Amikacin 2 (10%)
Rifampin 3 (15%)
Cloxacillin 2 (10%)
Intubation 4 (20%)
ICU admission 3 (15%)
Non-invasive ventilation 1 (5%)
Fibrinolytic therapy 19 (95%)

Table 2: Hematological laboratory indices, imaging findings, and treatments in patients with empyema.
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Pleural fluid analysis was also performed in patients with empyema. The culture was negative for 14 cases (38.9%). Streptococcus
pneumonia, Streptococcus viridans, and Haemophilus influenza were responsible for culture positivity in 3 (15.8%), 1 (5.3%), and 1 (5.3%)

patients, respectively.

The details are presented in table 3.

Parameter Mean * SD/frequency (%)
WBC 7824.7 £ 10931.2 (range = 79-37760)
Neutrophils 6124.5 + 9426.0 (range = 47-29160)
Protein 2771.2 + 1476.3 (range = 200-4100)

The ratio of pleural fluid/serum protein

0.78 + 0.28 (range = 0.56-1.10)

Glucose 30.3 + 23.75 (range = 5-63)
pH 6.85 + 0.37 (range = 6-7)
LDH 12794.5 £ 11663.5 (range = 491-36040)

Ratio of pleural fluid/serum LDH

19.52 + 21.78 (range = 0.68-73)

Pleural fluid smear

Negative 17 (85%)
Streptococcus pneumoniae 3(15%)
Pleural fluid culture

Negative 15 (75%)
Streptococcus pneumoniae 3 (15%)
Streptococcus viridans 1(5%)
Haemophilus influenza 1 (5%)

Table 3: Results of pleural fluid analysis in patients with empyema.

Study parameters were compared between patients who needed fibrinolytic therapy and patients not undergoing fibrinolytic therapy.
Only admission duration (15.77 + 6.14 days for patients undergoing fibrinolytic therapy and 7.05 + 2.97 days for patients not requiring
fibrinolytic therapy, p = 0.000) and pleural effusion volume on sonography (418.57 + 228.57 mm vs 116.66 + 68.60 mm in patients requir-
ing and not requiring fibrinolytic therapy, respectively; p = 0.010). These variables were analyzed in the multivariate logistic regression
model and the significant differences between groups did not remain significant (OR = 1.28, p = 0.147 for admission duration and OR =

1.01, p = 0.280 for pleural effusion volume).

Discussion

The current study was conducted to report an abrupt increase in pediatric pleural empyema among patients hospitalized with the
diagnosis of pneumonia. The diagnosis of 36 patients in just two months (equivalent to the number of patients with this diagnosis in
several years), that too in only one hospital, indicates an unexpected event. Although, empyema is recognized as a serious complication
of pneumonia, its incidence and rate of progression from pleural effusion to empyema is generally much lower than what we have ob-
served in recent weeks. In our study, an extraordinarily high rate of 55.5% was found for empyema incidence among pediatric patients
admitted with pneumonia and parapneumonic effusion in the emergency department of a referral hospital. A previous report on Iranian
children with pneumonia has revealed that 41.2% of pediatric patients with pleural effusion develop empyema [18]. Grisaru-Soen., et al.
also reported a rate of 24.9% for empyema among pneumonia patients [19]. Another study has stated that 2 - 12% of children with pneu-

monia develop parapneumonic effusion or empyema while in the patients hospitalized due to pneumonia, this rate reaches 28% [2]. The
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incidence rate of empyema reported in the current study is remarkably higher than other available reports but reviewing the literature
reveals that the rate of parapneumonic effusion and empyema are following an increasing trend in recent decades and our findings can be
interpreted as another piece of evidence confirming this ongoing continuous rise in the rate of empyema. For instance, a study by Eslami.,
et al. [20] in the north of Iran has shown that the incidence of empyema in pneumonia patients has grown from 6% to 14% over 12 years.
A report from New Zealand has demonstrated that rates of pleural empyema have experienced a 10-fold increase from 1 in 100000 chil-
dren to 10 in 100000 children from 1998 to 2012 [21]. Similar statistics have been published from the province of Quebec in which rates
of empyema reached from 0.23 to 4.01 per 100000 person-years between 1990 to 2007 [22]. Several mechanisms and risk factor for
this increasing trend has been suggested and evaluated in the literature. In our study, we found no significant difference between cases
requiring fibrinolytic therapy and patients not undergoing fibrinolytic therapy (~empyema versus non-empyema) (p-values of 0.147 and
0.280 for admission duration and pleural effusion volume on multivariate analysis). Byington., et al. reported that ages over 36 months,
infection with varicella zoster, pneumococcal serotype 1 infection, longer duration of fever, and receiving antibiotics and ibuprofen before
hospitalization are among the risk factors of empyema development [9]. Another report has nominated serotype 19A of Streptococcus
pneumonia as the pathogen responsible for empyema [14]. Francois., et al. also revealed that longer duration of disease, higher wages,
and frequent receiving of antibiotics and ibuprofen before admission were the risk factor for empyema development in children suffering
from pneumonia [23]. From the risk factors mentioned in the former studies, the duration of hospitalization was significantly longer for

the empyema group in our study (p = 0.000).

The majority of patients in our study had negative blood and pleural fluid cultures but among pathogens isolated from these speci-
mens, we found Streptococcus pneumonia responsible for around 15% of the cases. As an example, Grisaru-Soen., et al. have reported
positive culture of S. pneumoniae in 61% of patients with empyema which is significantly higher than our culture positivity rate [19]. So,
the rate of positive culture in our study is significantly lower than in previous reports. This low rate of positive culture can be probably
due to irrationally high consumption of oral and intravenous antibiotics before hospitalization which leads to the negativity of cultures.
We assumed that maybe predilection of a specific pneumococcal serotype with a higher chance of empyema formation in the recent au-
tumn and its coinfection with typical influenza pneumonia may be responsible for such a surge in the incidence of empyema among our
pneumonia patients. Except for one case (2.77%), viral tests for influenza A and B, RSV, and COVID-19 were negative in all patients. Thus,
the assumption of bacterial superinfection on viral involvement is ruled out. So, this unexplained surge in parapneumonic effusion and
empyema in recent weeks among children might be due to a new viral infection that cannot be detected by routine viral assessments. In
addition, technical problems with sampling and methods of obtaining specimens can partly contribute to the negativity of culture results.

Search for the underlying cause of this phenomenon should be rapidly prompted.

All patients had to receive antibiotics for their treatment plan. ICU admission, fibrinolytic therapy, and intubation were only seen in

patients with empyema. No case of mortality had occurred among our patients.

Atlast, we should point out that the patients reported in this article were limited to hospitalizations of only 2 months in this center and

the presentation of patients with the condition explained was continued as we were preparing this manuscript.

The main limitation of our study was the lack of previous years’ data for a more accurate understanding of the trend of empyema in-
cidence. Also, PCR tests for the evaluation of specimens were not performed in our study. The sample size of the study was relatively low

which should be extended in future studies.

Conclusion

An unexplained unexpected significant rise in parapneumonic effusion and empyema has been observed in recent weeks among chil-
dren with pneumonia. Bacterial cultures were negative in the majority of cases and viral tests were all negative. Searching for a probable
new viral infection with a high rate of parapneumonic effusion/empyema as the underlying cause of this phenomenon should be under-

taken promptly.
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