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Objective: The aim of this study was to examine the prevalence of bandemia in confirmed respiratory viral infections in febrile infants and children presenting to the emergency department.

Methods: An observational retrospective study from January 1, 2016, through December 31, 2016, was conducted in patients between the ages of ≥ 1 month and ≤ 5 years presenting to the emergency room with fever and who had a complete blood cell count performed. Patients were separated into seven groups based on the type of respiratory viral infection. Inclusion criteria strictly counted children with viral infections and absence of clinical and laboratory evidence of a bacterial coinfection.

Results: A total of 419 patients had a documented viral infection. A significant proportion of these children were found to have bandemia; children with adenovirus (17%), respiratory syncytial virus (RSV) (14.9%), human metapneumovirus (hMPV) (13%), and parainfluenza virus (7.9%) had the highest prevalence when the cutoff for bandemia was set at 10%. The prevalence increased to 35.3, 30.9, 40.3, and 15.8% for adenovirus, RSV, hMPV, and parainfluenza virus, respectively, when this cutoff was lowered further to 5%.

Conclusion: Band neutrophils are detected frequently in confirmed respiratory viral infections particularly during early stages.
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INTRODUCTION

Respiratory viral infections, either confirmed or presumed, account for the majority of febrile illnesses in healthy infants and young children (1, 2). Common viral presentations include fever with upper respiratory signs and symptoms, clinical bronchiolitis, or fever without localizing signs (3). The diagnosis of a viral infection is mainly based on clinical grounds. The multiplex molecular respiratory panel (respiratory PCR assay) has enabled better identification of these respiratory viral infections and provides objective data. Many of these children would get non-specific laboratory markers performed, i.e., complete blood count (CBC), C-reactive protein (CRP), and erythrocyte sedimentation rate (ESR) to investigate a concomitant bacterial infection (4). Since the 1990's, there have been multiple studies and guidelines on the management of febrile infants, which indicated a low, but non-negligible, risk of serious bacterial infections (5–7). Infants > 1 month of age who present to the emergency room (ER) often get a CBC as part of the workup. This study sought to investigate the prevalence of bandemia in a cohort of children with confirmed viral infection.



METHODS

We conducted a retrospective study from January 1, 2016, through December 31, 2016, in children between the ages of ≥ 1 month and ≤ 5 years. These children presented to our Children's Medical Center, which is a suburban, tertiary-care academic hospital in the Northeast United States with 95 pediatric inpatient beds and 19,000 pediatric ED visits per year. They presented with documented fevers defined as a temperature of 100.4° Fahrenheit (38° C) or greater and had a complete blood cell count performed using Beckman Coulter ® LH 780 electric cell counter. A manual differential count of the peripheral blood smear was performed on every patient, which is standard protocol in patients 5 years or younger in our institution (Figure 3). Febrile children with confirmed viral infections (BioFire FilmArray® multiplex PCR) were included in the study. We excluded patients with chronic conditions (sickle cell disease, malignancy, and inflammatory bowel disease), immunodeficiencies, patients with diagnosed bacterial infections, and toxic appearing children as documented by attending physicians. We also excluded children with documented signs of acute otitis media because it is difficult to distinguish between viral or bacterial etiology. Cases where the chest x-ray was read as focal infiltrates due to atelectasis by the attending radiologists were included in the viral infection group and cases with chest x-ray findings of consolidation, effusion, or empyema were excluded to ensure that patients did not have a bacterial coinfection.

Cases with confirmed viral infections had nasopharyngeal specimens obtained and tested positive for Respiratory syncytial virus (RSV), adenovirus, influenza, parainfluenza, and human metapneumovirus (hMPV) on the Filmarray® multiplex PCR system. We excluded enterovirus and rhinovirus because of difficulty in distinguishing symptomatic infections from asymptomatic prolonged shedding. Also, results are reported together as enterovirus/rhinovirus (both are picornavirus) and it is difficult to determine which virus is the culprit. We also excluded coronavirus (non-SARS or MERS) as a majority of the cases were either asymptomatic or had mild upper respiratory symptoms.

In addition we collected data on a small sample of patients who presented to the ER with fever and were diagnosed with a bacterial infection, such as bacteremia, meningitis, bacterial gastroenteritis, and urinary tract infection (UTI). Bacteremia was defined as a positive blood culture (excluding contaminants: bacillus species [non-anthrax and non-cereus] coagulase negative staphylococcus or corynebacterium sp.). Meningitis was confirmed with positive CSF culture and enteritis with stool culture growth of a bacterial pathogen. Cases of urinary tract infection were diagnosed based on pyuria (>5 WBC on automated urinalysis) and >50,000 CFU of a single uropathogen.

The study was approved by the Institutional Review Board.



STATISTICAL ANALYSIS

Continuous variables, assumed to be normal, were analyzed using two-sample t-test and summarized using mean ± standard deviation. Continuous variables with skewed distribution were analyzed using the Wilcoxon rank-sum test and summarized using median and interquartile range. Categorical variables were summarized using frequency and percent, and analyzed using the Pearson's chi-square test of independence. When the asymptotic assumption of the chi-square distribution was violated, an exact chi-square p-value was computed. All analyses were done using SAS 9.4®, and p-value < 0.05 were considered significant for all analyses except for the planned comparisons within the viral group where significance was set at 0.025 after Bonferroni correction.



RESULTS

A total of 419 pediatric patients were included in the study (Figure 1). They all had documented viral infections with no evidence of bacterial coinfection: adenovirus (54), parainfluenza (114), influenza (77), hMPV (68), and RSV (175). Forty five of the cases were combination of the above.


[image: Figure 1]
FIGURE 1. Breakdown of viruses. *≥2 includes of combinations of viruses (most common combination was with enterovirus, rhinovirus, and coronavirus addition to be a combination of the above five viruses).



Viral Group With Band ≥ 10% (Table 1)

In the viral group, patients with band proportions ≥10% had a significantly higher mean absolute neutrophil count (ANC), mean temperature, exposure to antibiotics, and rate of admission than their viral counterpart with band proportions <10%. Furthermore, these patients had significantly lower mean lymphocyte counts and lower mean lymphocyte proportions.


Table 1. Bandemia (bands ≥ 10%) in viral infection.
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RSV Patients With Band ≥ 10% (Table 2)

Patients who were positive for RSV were significantly younger, had lower body temperature, were less likely to receive antibiotics, and were more likely to be admitted to the hospital than those negative for RSV.


Table 2. Parameters in individual viruses.
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Adenovirus Patients With Band ≥ 10%

Patients who were positive for adenovirus had higher ANC, body temperature, WBC, absolute neutrophil counts, and absolute monocyte counts. In addition, they were less likely to be admitted to the hospital than patients negative for adenovirus.



Parainfluenza Patients With Band ≥ 10%

Patients who were positive for parainfluenza virus had lower rates of admission to the hospital, and lower rate of patients with bandemia ≥ 10% when compared to patients negative for parainfluenza. Of note, these patients had higher lymphocyte proportions.



Influenza Patients With Band ≥ 10%

Patients who were positive for influenza were older and had lower WBC, absolute lymphocyte counts, and absolute monocyte counts than patients negative for influenza.



Metapneumovirus Patients With Band ≥ 10%

Patients who were positive for hMPV had higher band proportions and exposure to antibiotics when compared to patients negative for hMPV.



Combination Group With Band ≥ 10%

Patients who were positive for 2 or more viruses had higher ANC, temperature, and WBC but had shorter length of stay in the hospital when compared to those positive with only one virus.



Bacterial vs. Viral Group

In our sample of 42 patients diagnosed with bacterial infections, there were urinary tract infections (36), Streptococcus pneumonia meningitis (2), bacteremia Escherichia coli (2), and Shigella enteritis (2).

We compared characteristics between the bacterial group and the viral group. Patients with a bacterial infection were significantly younger than patients with a viral infection. Patients with a bacterial infection had significantly higher mean ANC, mean WBC, mean neutrophil count, and higher exposure to antibiotics than their viral counterparts (Table 3). When comparing the absolute band count and band proportion between the viral group and the bacterial group, there was no statistically significant difference. When comparing the WBC and ANC between the viral group and the bacterial group, the bacterial group had a higher WBC and ANC which was significant (p <0.001).


Table 3. Demographic and clinical characteristic.
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DISCUSSION

Bandemia or elevated immature neutrophil count (left shift) was detected in a cohort of febrile children presenting to the emergency department with confirmed respiratory viral infection without a concomitant bacterial infection. In our study, a significant proportion of these children were found to have bandemia. Adenovirus (17%), RSV (14.9%), human metapneumovirus (13%), and parainfluenza (7.9%) had the highest prevalence when the cutoff for bandemia was set at 10%. The prevalence increased to 35.3, 30.9, 40.3, and 15.8% for adenovirus, RSV, hMPV, and PIV, respectively when this cutoff was lowered further to 5%, which is the cutoff used by our institution (Figure 2).


[image: Figure 2]
FIGURE 2. % Bandemia in Respiratory viral Infections.


Over the past decade, use of multiplex molecular respiratory panel has enabled better identification of respiratory viral infections. As a result, this information has allowed us to investigate the differential white blood cell count in common childhood viral infections (8). We reviewed the different cell lines, including immature neutrophils (bands), lymphocytes, and monocytes. We found that adenovirus had significantly (p <0.001) higher ANC when compared to the other viruses with a mean value of 7,190.

Although identification of bandemia may represent a serious underlying bacterial infection (SBI) (9, 10) immature neutrophils are also associated with certain viral infections (11). Of note, in our study, we found viral cases with band proportions >10% which had significantly higher exposure to antibiotics and hospital admission rates (p <0.001). The study results suggest that the traditional belief of bandemia and its association with SBI may persist in clinical practice.

What is bandemia? WBC is a component of the CBC. The WBC's differential measures the absolute number and proportion of granulocytes, lymphocytes, monocytes, basophils, and eosinophils (12). A neutrophil is a mature granulocyte and part of the innate immune system. Band is the most “mature” of the immature stages in the development of a neutrophil (Figure 3). In older children and adults, the normal blood circulation has 3–5% of bands which will mature into neutrophils in the circulation. However, the majority of blasts undergo maturation in the marrow storage compartment. Any stress, whether an infection, inflammation, or a hypermetabolic state will lead to an increase in band count or bandemia (>10%) (13–15).


[image: Figure 3]
FIGURE 3. (A) Immature neutrophil vs. (B) mature neutrophil.


In our study, all differentials were performed manually. Manual band count requires the additional time-consuming, labor-intensive process of slide preparation and manual leukocyte tabulation. The interpretation is technician dependent, and its enumeration is associated with inaccuracy and imprecision. In addition, there exists a wide variation in reference ranges of bandemia (16). It has been reported in the literature that the percentage and absolute band count in healthy children between the ages of 15 days and 2 years of age is similar, but the response to infection may be different in young children of different ages (16).

What does presence of bandemia in viral infections mean? Bandemia has been reported in children with viral infections notably with lower respiratory tract infections, enteroviral infections, and rotavirus infections (6, 11, 17). Bandemia has also been reported in association with influenza and RSV infections (18).

We found bandemia (>10%) in about a quarter of cases of respiratory viral infections in the absence of concomitant bacterial infection (confirmed or presumed): RSV (14.9% 26/175), adenovirus (17.6% 9/54), hMPV (13.4% 9/68), influenza (7.8% 6/77), and parainfluenza virus (7.9% 9/114). The cutoff for bandemia in our laboratory is 5% which further increases the percentage of children classified with bandemia. This implies that a relatively higher band count is seen in viral infections that primarily cause lower respiratory tract disease and are associated with more parenchymal inflammation at the time of ER presentation. In addition, our study is the first to report the prevalence of bandemia in hMPV infections.

In reviewing our data we noticed that patients admitted with a known viral infection, but high band count, were likely to receive antibiotics. Antibiotic exposure was seen in one quarter of the patients infected with hMPV (40.3%), followed by influenza (31%), parainfluenza (28%), RSV (24%), and adenovirus (17.6%). This lower antibiotic use in adenovirus can be attributed to the known association of bandemia in adenovirus by clinicians (Table 4).


Table 4. Bandemia in specific viruses with antibiotic prescription and hospitalization percent.
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We compared the bacterial group with the viral group and did not find a statistically significant difference in bandemia when comparing viral with bacterial infections in infants and young children. However, the bacterial group was a considerably smaller sample size so when comparing the groups, the results should be taken cautiously. Nevertheless, when comparing the absolute band count, band proportion, and A/T ratio between the viral group and the bacterial group, there was no statistical significant difference.

This study has several limitations. First, it is a retrospective review conducted in a single center. Second, there were fewer patients in the bacterial group in comparison to the viral group; therefore, the incidence of true bandemia in the bacterial group might be under represented. In addition, we included only well-appearing children with confirmed viral infections, thus we cannot generalize our results to ill appearing patients.



CONCLUSIONS

Elevated band counts are seen in lower respiratory viral infections and clinicians should be aware of this association. While absolute neutrophil count and white blood cell count are reliable markers of bacterial infection, bandemia may also be present in viral infections. This is the first study comparing bandemia among different viral infections. We observed an elevated band count in many viral infections, specifically RSV, adenovirus, hMPV, influenza, and parainfluenza. Bandemia in well-appearing children with confirmed viral infections can be an area of opportunity to limit the use of antibiotics.
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