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Ventilator-associated pneumonia (VAP) is the second most common hospital-acquired infection (HAI) among neonatal patients in the intensive care units (ICUs) and is a serious challenge for neonatologists because it affects critically ill patients who need prolonged mechanical ventilation. In Bulgaria, there is no detailed data at regional and national levels on the characteristics of VAP in newborns, which imposes a necessity for specific studies of risk factors and etiology of VAP. The aim of the study was to analyze the frequency, characteristics and risk factors for the occurrence of VAP in newborns hospitalized in intensive care unit. This was a prospective study, conducted between January 2017 and June 2018 in the NICU of University Hospital “St. George” Plovdiv, Bulgaria. The sample consisted of 507 neonates, followed up prospectively, 107 of whom were placed on mechanical ventilation for ≥48 h. VAP was diagnosed in 33 out of 107 neonates (31%). The VAP incidence rate was 35.06/1.000 ventilator days. We confirmed differences between the median birth weight (1,310 vs. 1,690 g, p = 0.045) and average gestational age (31.08 g.w. vs. 33.08 g.w, p = 0.04) of the patients with and without VAP. The average stay of patients with VAP in the NICU was statistically significantly longer than the hospital stay of non-VAP patients (35.70 ± 21.84 days vs. 21.77 ± 17.27 days (t = 3.241, p = 0.002). In neonates with VAP, the duration of mechanical ventilation was statistically significantly longer compared with non-VAP patients (16.88 ± 11.99 vs. 5.42 ± 4.48; t = 5.249, p = 0.000). A statistically significant prevalence of Gram-negative bacteria among VAP patients was demonstrated (91%) compared to the Gram-positive (9%), p < 0.05. The leading causative agent of VAP was Klebsiella pneumoniae ESBLs + (27%), followed by Acinetobacter baumannii (14%), Pseudomonas aeruginosa (12%) and Escherichia coli (12%). In multivariate logistic regression, mechanical ventilation >7 days was established as an independent risk factor for VAP (OR 3.6; 95% CI: 1.7–6.5, p = 0.003). VAP remains a serious and outstanding issue in pediatric and neonatal intensive care units. The findings of the current study emphasize that the birth weight, gestational age, and duration of hospital stay have a significant association with ventilator-associated pneumonia.
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INTRODUCTION

Mechanical ventilation (MV) is an essential part of modern neonatal intensive care. However, it is associated with a substantial risk of ventilator-associated pneumonia (VAP) (1). VAP has a serious impact on neonatal morbidity and mortality and on treatment costs (2, 3). Ventilator-associated pneumonia is defined as a lung infection in mechanically ventilated patients, starting ≥48 h after the initiation of mechanical ventilation (4). The clinical criteria for diagnosing VAP have been developed by the Center for Disease Control (5) and further, the German national nosocomial infection surveillance system (Krankenhaus Infektions Surveillance System [KISS]) offers a definition for very low birth weight infants in their NEO-KISS module (6). However, it should be noted that there is no gold standard for the diagnosis of this infection in the neonatal period and differences are noticed in the applied criteria (7, 8). Additionally, neonates have different anatomy, physiology and underlying diseases and undergo different invasive procedures.

In 2012 the European Center for Disease Control and Prevention (ECDC) conducted the first point prevalence survey on nosocomial infections in Bulgaria, registered in all age groups and cases of pneumonia in newborns were estimated to be 2.3% (9). In the same period, Gladilova and Ribarova (10) discovered that 2% of all hospitalized neonates were diagnosed with a nosocomial infection as in this report, the information from special care baby units (SCBU) and NICUs was not separated. There is no detailed data at regional and national levels on the characteristics of VAP in newborns, which imposes a necessity for specific studies of risk factors and etiology of VAP.

The aim of the study was to analyze the frequency, characteristics and risk factors for the occurrence of VAP in newborns hospitalized in intensive care unit.



MATERIALS AND METHODS


Study Period and Setting

A prospective cohort study was conducted at the level 3 NICU of University Hospital “St. George” Plovdiv, Bulgaria from January 2017 to June 2018. The hospital is located in the second largest city and provides complex clinical care to patients from the South-Central region (~20.0% of the overall Bulgarian population).



Patient Characteristics

The sample consisted of 507 neonates, followed up prospectively, 107 of whom were placed on mechanical ventilation for ≥48 h. Data on demographic characteristics of those patients, underlying diseases, clinical symptoms, imaging studies, etiological agents isolated from clinical samples (endotracheal aspirates, blood cultures, ear secretions, wound samples), and antimicrobial susceptibility rates were recorded.



Definition and Identification of VAP

We used the German system for surveillance of nosocomial infections NEO KISS (6) and the Centers for Disease Control and Prevention (CDC) (5) to define the criteria for VAP cases. Additionally, we applied criteria for VAP from the Bulgarian Medical Standard for Prevention and Control of Nosocomial Infections (11). The survey forms for epidemiological surveillance of VAP were prepared based on clinical, laboratory and radiological criteria after a landscape review of the literature. VAP was defined as pneumonia where the patient is on mechanical ventilation for > or ≥2 consecutive calendar days on the date of onset with at least two or more clinical and laboratory signs and symptoms, chest X-ray imaging showing new or persistent infiltrates, consolidation or pleural effusion and isolation of a pathogen from the endotracheal aspirate. The clinical signs included: elevated temperature >37.8°C, hypothermia, frequent apnea/bradypnea/tachypnea, bradycardia <80 b/m, change in tracheal secretions (color, quantity). Laboratory findings included: C-reactive protein test (CRP) >10 mg/L, abnormal white blood cells count (Leu >30,000/mcg or Leu <5,000/mcg), thrombocytopenia (Thr <150,000/μl). Patients had to fulfill clinical, radiological, and microbiological criteria to be diagnosed with ventilator-associated pneumonia.



Microbiological Methods

Direct microscopy on the clinical samples was performed using 100 × immersion oil microscopy after staining the slides with Gram and methylene blue stain. The latter assists in the differentiation between colonization and infection, based on the presence of polymorphonuclear cells. Endotracheal specimens were cultured on blood-agar, eosin-methylene blue agar (Levin's medium) and thioglycolate broth. Semi-automated (API 20 NE, bioMerieux) and automated systems (Vitek-2 Compact, bioMerieux and MALDI-TOF MS, Vitek-MS, bioMerieux) were used for bacterial identification. Antimicrobial susceptibility testing was performed on Müller-Hinton agar by using the disk-diffusion method of Bauer-Kirby and by using E-test and broth microdilution test to determine the minimal inhibitory concentrations (MIC), as well as automated systems (Vitek-2 Compact, bioMerieux).



Statistical Methods

Quantitative variables are presented as the mean ± standard deviation (mean ± SD) or median (25th percentile; 75th percentile) based on the sample distribution. The Kolmogorov-Smirnov test was applied to inform about the distribution of the patients sampled. The variables were compared for differences using independent samples t-test or Mann–Whitney test based on the normality of the distribution. Qualitative variables are presented as numbers/totals and percentages (n, %), and a z-test was applied to compare two proportions. Multivariate logistic regression analysis was used to find the independent risk factors associated with ventilator-associated pneumonia. The univariate analysis was applied to identify the variables with a p-value <0.10 to be introduced in the model. The p-values < 0.05 were considered statistically significant for all statistical tests. The systematization, processing, and analysis of the data were performed using SPSS v.26 for Windows (IBM 141 Corp. Released 2019. Armonk, NY: IBM Corp).



Ethical Considerations

The study received approval from the Ethics Committee of the Medical University of Plovdiv, Bulgaria.




RESULTS

The total number of neonates admitted during the study is 507. One hundred and seven (21%) of the newborns required mechanical ventilation for ≥48 h and were enrolled in the current study. VAP was diagnosed in 33 neonates (31%). The VAP incidence rate was 35.06/1.000 ventilator days. During the study among the 107 studied neonates additionally six cases of bloodstream infection and three cases of conjunctivitis were diagnosed. The rest of the neonates (n = 74; 69%) were considered to be a control group for further comparisons with the exposed group. The patient characteristics of both VAP and non-VAP patients are presented in Table 1.


Table 1. Characteristics of the neonates with and without VAP.
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The mean birth weight of the patients with VAP was significantly lower than the birth weight of non-VAP patients, there was an association between the low birth weight and VAP (χ2 = 7.437, p = 0.024). Moreover, we found an association between premature birth (<37 weeks of gestation) and VAP (χ2 = 10.02, p = 0.018).

For all 107 patients enrolled in the study 2,789 patient days were calculated. Of these, 1,178 (42%) were registered among the 33 neonates with VAP. The average stay of patients with VAP in the NICU was statistically significantly longer than the hospital stay of non-VAP patients (35.70 ± 21.84 days vs. 21.77 ± 17.27 days (t = 3.241, p = 0.002). Among the 107 newborns included in the study 941 days of mechanical ventilation were recorded. The device utilization ratio of mechanical ventilation was estimated at 33.74/100 patient days. In neonates with VAP, the duration of mechanical ventilation was statistically significantly longer compared with non-VAP patients (16.88 ± 11.99 vs. 5.42 ± 4.48; t = 5.249, p = 0.000). The mean estimated time to diagnosis of VAP was 8 ± 5 days. During the study period, three infants diagnosed with VAP died which resulted in a mortality rate of 9%.

In Table 2 the most common findings in patients with VAP are presented.


Table 2. Clinical symptoms, laboratory findings and X-ray findings of 33 infants with VAP.
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Etiological Structure of VAP

In patients with VAP, a total of 66 microorganisms were isolated from tracheal aspirates, which are presented in Table 3.


Table 3. Microorganisms isolated from tracheal aspirates in patients with VAP (n = 66).
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A statistically significant prevalence of Gram-negative bacteria was demonstrated (91%) compared to the Gram-positive (9%), p < 0.05. The leading causative agent of VAP was Klebsiella pneumoniae ESBLs+ (27%), followed by Acinetobacter baumannii (14%), Pseudomonas aeruginosa (12%) and Escherichia coli (12%). These four microorganisms accounted for 65% of the agents isolated in VAP patients.

Isolated strains of the leading pathogen Klebsiella pneumoniae ESBLs+ showed 100% resistance to second-and third-generation cephalosporins. No carbapenemase-producing K. pneumoniae strains were isolated (Figure 1).


[image: Figure 1]
FIGURE 1. Antibiotic resistance of Klebsiella pneumoniae ESBL+.


Table 4 summarizes the results of univariate analyses of potential factors that were associated with VAP manifestation in this cohort. All significant variables from the univariate statistics were included in the multivariate analysis.


Table 4. Univariate analysis of the risk factors associated with the VAP manifestation.
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Multivariate logistic regression model was statistically significant (χ2 = 36.49, df = 13; p < 0.001). The model explained 51.9% (Nagelkerke R2) of the variations in VAP and correctly classified 87.3%. In the case of multivariate logistic regression, mechanical ventilation >7 days (OR 3.6; 95% CI: 1.7–6.5, p = 0.003) was established as an independent risk factor for VAP. The duration of MV was defined as the duration of MV before the diagnosis of VAP.




DISCUSSION

Ventilator-associated pneumonia is one of the most common healthcare-associated infections in the critical care setting (12). Previous studies, evaluating the incidence rate of VAP in NICU patients, observed inconsistent results varying from 8.1 to 57.1% (13–15). Furthermore, the reported incidence rate depends on the type of hospital and the economic development of the country, where the study was conducted (16).

Much of the current literature on common risk factors for VAP pays particular attention to low birth weight and premature birth (13, 17). Our results corroborate these findings. Moreover, 64% of all neonates with VAP were born with a birth weight <1,499 g. In accordance with the present results, previous studies by Chastre et al. (18) and Stover et al. (19) have reported that VAP rates were highest for the 1–1.499 kg birth weight categories.

The mortality among patients with VAP was estimated at 9% which corresponds with other studies (14, 20).

The hospital stay of patients with VAP was statistically significantly longer compared to the non-VAP patients. Similar are the results for the duration of MV in both groups. A comparison of the findings with those of other studies confirms the statistically significant difference in the MV duration between VAP and non-VAP patients (13, 21, 22). Prolonged mechanical ventilation and its connection to VAP can also be explained by an increased risk of infection due to exposure to nebulizers, humidifiers and more changes in the respiratory circuits that are known to be important sources and a breeding ground for pathogenic microorganisms (22).

Regarding the clinical symptoms in patients with VAP, the change in the color and quantity of the respiratory secretions were most reported, which is in accordance with other studies (14, 15). The most common deviation in the laboratory findings in patients with VAP was thrombocytopenia - 70% (n = 23) followed by leukocytosis/leukopenia (46%, n = 15). In the literature, thrombocytopenia and leukocytosis/leukopenia are also discussed as hematological changes characteristic of nosocomial infections, including VAP (23). However, it should be taken into consideration that leukopenia/leukocytosis may also be reported in other conditions (newborns born to mothers with preeclampsia (24), steroid treatment, due to bronchopulmonary dysplasia (25) and the neonatologist's assessment of the child's condition and the relationship of hematological changes to the diagnosis of VAP is extremely important.

X-ray changes were observed in all of the patients with VAP as this was one of the criteria to make a VAP diagnosis. Badr et al. (26) and El-ward et al. (27) also found a very high proportion of patients with VAP in whom a change in a radiographic image has been reported.

Considering the microbiology of VAP a statistically significant prevalence of Gram-negative bacteria was demonstrated (91%) compared to the Gram-positive (9%), p < 0.05. A large and growing body of literature demonstrates that Gram-negative microorganisms have been the most frequent causative agents of VAP (7, 13, 22, 26). Conversely, in some reports, Gram-positive microorganisms were more commonly isolated: mainly Staphylococcus aureus (28). Epidemiological assessment of the prevalence of Gram-negative microorganisms in VAP is important when planning diagnostic and intervention strategies.

The most frequently reported agent was K. pneumonia ESBLs+ (27%), followed by A. baumannii (14%), P. aeruginosa (12%) and E. coli (12%). These findings correspond to a previous retrospective study conducted in the NICU (29) with respect to the etiological risk factors of VAP, as well as research by other authors (14, 18).

The isolated strains of K. pneumoniae ESBLs+ demonstrated 100% resistance to second-and third-generation cephalosporins. This finding broadly supports the work of other studies in this area, where the change in the characteristics of this microorganism is widely discussed (30). The comparison between a previous retrospective study (29) done in the same unit and our results indicate increased isolation of broad-spectrum beta-lactamase-producing K. pneumoniae.

In the case of binary logistic regression mechanical ventilation >7 days was established as an independent risk factor for VAP (OR 3.6; 95% CI: 1.7–6.5, p = 0.003). Other similar studies have also reported mechanical ventilation as an independent significant risk factor for VAP in neonates (17, 31).


Limitations of the Study

Our research has several limitations, including the lack of matched cases in our case-control study. However, speaking about epidemiological case-control studies there are records in the literature in which the same or even identical results were found irrespective of whether matching or not matching was applied (32). In addition, this study was conducted in one hospital, but it is located in the second largest Bulgarian city and moreover, the NICU of this hospital is the only available option for the South-Central Region population, which represents ~20.0% of the overall Bulgarian population (33). We could consider that “St. George” NICU's resources, staff and patient numbers are similar to the NICUs located in the other five Bulgarian regions. Ideally, sampling across other NICUs in Bulgaria would have supported the case for the generalizability of the findings. No attempt has been made to measure the impact of functional deficits in patients with VAP.




CONCLUSION

Ventilator-associated pneumonia remains a serious and outstanding issue in pediatric and neonatal intensive care units. The findings of the current study emphasize that the birth weight, gestational age, and duration of hospital stay have a significant association with ventilator-associated pneumonia. Prevention and timely treatment of this nosocomial infection is critical for improving the prognosis of these neonates.
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Characteristics VAP Non-VAP  p-value
(=33)n (%) (1=74n (%)

Meale gender 20(67) 40 (54) 0530
Mean birth weight in grams 1,310 1,690 0,040
{fin: ma) (965;2,400)  (1,207;2,708)

>2,500 gr. 7(1) 22(30)

2,499-1500g. 5(15) 22(30)

1,499-1,000g. 12(37) 18 (24)

<1,000g 9(7) 12(16)

Agein gestational week, gw  81.08+4.83 3308433 0045
(mean = SD)

6(18) 18 (24)
5(15) 27 (36)
9(27) 15 (20)
13 (40) 14(18)
Mode of delivery
Normal vaginal delivery (NVD) 11(33) 18 (24) (0.540)
Cesarean section (CS) 22 (67) 56(76)
Apgar score at 1min 47526 50+25
Apgar score at 5 min 77£26 81+£19
Length of hospital stay 357£2184 20771727 0002
(patient days)
Mechanical ventilation (days) ~ 1688+ 1199 542+ 4.48 0.000
CVC'/UVC™ use (days) 85+68 50+36 0.007
PVC™ use (days) 36.1£215 205+ 163 0.001
Antibiotic treatment (days) 3124195 184+ 135 0.001
Number of antibiotics used 5734196 364£18 0.000

"CVC, central venous catheter; “"UVC, umbilical venous catheter; ™ PVC, peripheral
venous catheter.
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