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INTRODUCTION 

 

The current concept of healthcare-associated infections or nosocomial infections 

(HAI/NI) defines them as infections connected with the provision of medical care in any 

medical establishment. 

The knowledge gained so far about risk factors, the spread and clinical 

manifestation, consequences and prevention of HAI makes it possible to identify, 

monitor and control them. In newborns, nosocomial infections have characteristics that 

are not found in any other group of patients. The imperfect protective mechanisms and 

risk factors during hospitalization as a result lead to a high incidence of HAI. 

Prevention and control of neonatal NI is a real challenge for all those involved in 

hospital care. The development of a routine surveillance program for HAI requires the 

selection of a monitoring method, the establishment of an uniform criteria for 

nosocomial infections, the identification of types of infections and the rationalization of 

the control and use of antimicrobials. 

 

AIM AND TASKS 

AIM 

To study and analyze the clinical, epidemiological, microbiological and financial 

aspects of nosocomial infections in the neonatal period in order to make 

recommendations to optimize their prevention, surveillance and control. 

 

TASKS 

1.Retrospective analysis of HAI in neonatology intensive care unit in the clinic of 

Obstetrics and Gynaecology in UMHAT “St. George”, Plovdiv for the period 2012-

2016 

2.Prospective study of HAI in neonatology intensive care unit in the clinic of Obstetrics 

and Gynaecology in UMHAT “St. George”, Plovdiv for the period January 2017- June 

2018.  

3.Study on the incidence of ventilator-associated pneumonia among the newborns on 

mechanical ventilation. 

4.Study on the incidence of catheter associated bloodstream infections among the 

newborns with venous catheterization. 

5.Financial analysis of the costs for the treatment of ventilator-associated pneumonia in  

neonatology intensive care unit of the Obstetrics and Gynecology Clinic, St. George 

University Hospital – Plovdiv  

 

 

MATERIAL AND METHODS 
 

1.MATERIAL  

1.1.Object of observation 

Hospital-acquired infections that occurred and were registered in the neonatal 

period. 
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1.2. Criteria for diagnosing HAI 

Infections are defined as such, according to the Medical Standard for Prevention 

and Control of Nosocomial Infections (NI), approved by ORDINANCE № 3 of 

08.05.2013, issued by the Minister of Health, promulgated, SG, no. 43 from 14.05.2013 

in force from 11.05.2013 

Additionally criteria for indicator nosocomial infections adapted from the 

German system for surveillance of nosocomial infections NEO-KISS are included.  

1.3. Observation units 

1.3.1. Logical unit of observation 

For taks 1 1764 patients hospitalized in NICU in the period 2012-2016. 

For task 2 507 newborns admitted for treatment at NICU for an eighteen-month period 

(January 2017 - June 2018). 

For task 3 107 patients hospitalized in NICU and placed on mechanical ventilation for> 

48h. 

For taks 4 13 patients hospitalized in NICU and diagnosed with blood infection for the 

prospective period studied. 

For task 5 107 patients placed on mechanical ventilation for> 48h. 

1.3.2. Technical unit of observation  

 Intensive Care Unit of the Neonatology Department at the Obstetrics and 

Gynecology Clinic, “St. George” University Hospital, Plovdiv. 

1.4. Signs of observation  

 Information about the mothers of newborns admitted at  NICU 
- age, order of pregnancy, number of live births, monitoring during pregnancy, 

pathology before or during pregnancy, data on changes in amniotic fluid (color, 

quantity, odor), data on spontaneously ruptured amniotic sac> 18 hours before birth, 

evidence of fever, leukocytosis or increased CRP at the time of birth, information on 

vaginal secretions and relevant isolation of microorganisms, evidence of bacterial 

vaginosis and changes in urine. 

 At the time of birth: 

- anthropometric indicators of the newborn (weight, height, head circumference); 

-gestational age; 

-sex; 

- information about place of birth and time of transfer for intensive care; 

- mode of delivery, APGAR at 1 min. and 5 minutes after birth and need for intensive 

measures thereafter (resuscitation and intubation);  

- data for congenital malformations and intrauterine retardation. 

 Data from clinical trials of patients for symptoms of infection 

 Data from laboratory and imaging studies. 

 Results of examined clinical material with routine microbiological tests for 

identification   

1.5. Time of observation 

The study covers the period from January 2012. until June 2018. 

1.7. Design of the study 

An ambispective epidemiological study was conducted: retrospectively in the 

period 2012-2016 and prospectively in the period January 2017-June 2018. 
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2.METHODS 

For task 1. Epidemiological analysis of registered HAI in NICU for the period 2012-

2016. Parametric and graphical analysis were used. 

For tasks 2, 3 and 4 Patients were studied prospectively, and the verification of HAI is 

based on history, clinical examinations, hospital records, data from microbiological, 

paraclinical and imaging studies. 

Microbiological methods: 

 

 Automated methods for identification (Sceptor system of Becton Dickinson 

Diagnostic Instrument Systems and Vitek 2, bioMerieux) - performed in the 

Laboratory of Microbiology at the University Hospital "St. George". 

. 

 Bedding costs  

Bedding costs are based on the data from the accounting database of the 

University Hospital “St. George. The costs are divided into categories: food (bedridden 

and staff); medications (medicines, medical supplies, blood and blood products, 

disinfectants, hygiene materials, other medical expenses); materials, fuels and energy / 

BGN/ (water, electricity, costs for heat, other materials); current repairs; other external 

services (laboratory services); depreciation; salary expenses (salaries and other 

remunerations and payments); insurance costs (insurance for state social insurance and 

health insurance contributions, contributions for senior medical staff); expenses for 

taxes, fees and other similar payments; other expenses. The costs are summed in each 

category to calculate the total costs on average for each month. The daily hospital costs 

are paid individually for each patient according to the date of admission / discharge from 

the ward, duration of ventilation, date of established VAP infection, antibiotics. 

Directly related to VAP differences  

The differences directly related to VAP are presented as an absolute value and 

are calculated in the form of a percentage, based on the difference between the values 

of the analyzed variables - average hospital stay (beds), average duration of treatment 

(antibiotics), average hospital costs (BGN), average hospital costs per day (BGN), 

average costs for antibiotics (BGN), average costs for antibiotics per day (BGN) for 

patients with and without VAP.  

Statistical methods used for the overall study 
The systematization, processing and analysis of the primary data in the form of 

quantitative and qualitative variables is realized with the statistical package of the 

software for social sciences IBM SPSS Statistics v. 25. A significance level of p <0.05 

was assumed for all tests. The graphical analysis was performed in the environment of 

MS Office 2013 using Excel and SPSS. 

The following statistical and mathematical methods were used to objectify the 

results of the conducted analyzes: 
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 descriptive analysis to describe the structure of the studied variables- 

variational analysis of quantitative variables, frequency analysis of qualitative 

variables 

 testing of statistical hypotheses- parametric analysis (z-test, t-test), 

nonparametric analysis (Kolmogorov-Smirnov test, Chi-square (χ2), Pearson's 

test, Fisher's exact test) 

 regression analysis- binary logistic regression, automatic linear modeling 

The presentation of the results of the conducted analyzes was performed by: 

 graphical analysis- box-plot diagram, bar charts, pie charts, figures 

 frequency tables- multidimensional tables of frequency distribution 
 

 

 RESULTS AND DISCUSSION 

Results and discussion for task 1 

To conduct a retrospective analysis of HAI, registered through passive supervision in 

the neonatology intensive care unit of the Clinic of Obstetrics and Gynecology of 

UMHAT "St. George" - Plovdiv for the period 2012-2016. 

Determining the background level, dynamics and trend in the spread 

of HAI 

During the study period, 10,265 children were born at the Clinic of Obstetrics and 

Gynaecology, or an average of 2,053 children per year, with 89.2% being full-term and 

10.8% premature. Of these, 1764 have passed through the neonatal intensive care unit 

(NICU) respectively: 2012 - 310/1990, 2013 -370/1964, 2014 - 357/2098, 2015 - 

402/2104 and 2016 - 325 / 2109 children of all born for the respective year (Fig. 1). 

 

CU 

 

 

 

 

 

 

 

Table 1. Incidence of HAI in NICU, 2012-2016 
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Year Number of patients 

hospitalized in 

NICU 

Number of 

newborns with HAI 

Incidence of HAI 

(%) 

2012 310 39 12.58 

2013 370 28 7.57 

2014 357 45 12.60 

2015 402 39 9.70 

2016 325 39 12.00 

Overall 1764 190 10.77 

The time to HAI diagnosis varies from 3 to 38 days, on average 12.18 days, which 

shows that the duration of treatment and hospital stay are only some of the reasons for 

their occurrence. Jeong JS et al (2006) reported an even greater range of NI 

manifestations of 3–118 days with a mean of 16 days. 

The total number of children with HAI who died for the period was 7 (mortality 

3.68%). All the deceased had severe combined neonatal pathology, which even on its 

own can be a cause of an unfavorable outcome.  

Analysis of the etiological and clinical structure of HAI  

 

With the largest relative share are pneumonias associated with mechanical 

ventilation (VAP) -65.00% followed by bloodstream infections in 15.45% (p <0.001). 

On third place is conjunctivitis-14.55% (Table 2). We associate the high relative share 

of VAP with the admission diagnosis and the pathological conditions that were present 

in the newborns admitted for intensive treatment and the need for long-term mechanical 

ventilation, which determines an increased risk of such a complication. In contrast to 

pneumonia associated with mechanical ventilation, in bloodstream infections, the values 

established by us are lower than the levels reported by other authors. 

Table 2. Clinical manifestations of HAI in NICU, 2012-2016 
Year VAP 

 

n,% 

Bloodstream 

infections 

n,% 

Conjunctivitis 

 

n,% 

Others*       

 

n,%             

Overall 

 

n 

2012 35(77.78) 8(17.78) 2(4.44)      -              45 

2013 25(69.44) 7(19.44) 2(5.56) 2(5.56)          36 

2014 27(48.21) 11(19.64) 14(25) 4(7.15)          56 

2015 26(60.47) 5(11.63) 9(20.93) 3(6.97)          43 

2016 30(75.00) 3(7.50) 5(12.5) 2(5.00)          40 

Overall 143(65.00) 34(15.45) 32(14.55) 11(5.00)       220 

Note: As Others* are defined infections of the upper respiratory tract, omphalitis and 

skin infections  

An extremely large variety of isolated microorganisms by species is observed. The 

etiological structure of the infections showed a statistically significant prevalence of 

Gram-negative microflora (85.42%) over Gram-positive (14.58%), p <0.05 (Table 3).  

The leading causative agents of HAI and VAP are presented in close relative 

shares (Table 3), respectively from the Gram-negative microorganisms: Pseudomonas 

aeruginosa (31.52% and 38.28%, p> 0.05), Acinetobacter baumannii (14.58% and 

18.18%, p> 0.05), Escherichia coli (14.24% and 14.35%, p> 0.05) and Klebsiella 
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pneumoniae (14.24% and 10.04%, p> 0.05). Of the Gram-positive microflora leading in 

the structure of HAI is Coag. (-) Staphylococcus spp. - 9.49%, and in VAP is 

Staphylococcus aureus (3.35%).  

Table 3. Distribution of microorganisms causing HAI and VAP, 2012-2016 
Microorganism Microbiological isolates 

 

Overall 

number of 

isolates 

n,% 

Isolates 

from TA 

(causing 

VAP) 

n,% 
 2012 2013 2014 2015 2016   

Gram-positive        

Coag. (-) Staphylococcus 

spp. 

6 7 8 4 3 28(9.49) 1(0.48) 

Staphylococcus aureus 1 5 - - 2 8(2.71) 7 (3.35) 

Enterococcus spp. 3 - 1 3 - 7(2.37) 5(2.39) 

Overall Gram (+) 43(14.58)  13(6.22) 

Gram-negative        

Pseudomonas aeruginosа 12 14 26 22 19 93(31.52) 80(38.28) 

Acinetobacter baumannii 17 5 7 7 7 43(14.58) 38(18.18) 

Klebsiella pneumoniae 

pneumonipneumoniae 

5 6 19 4 8 42(14.24) 21(10.04) 

Escherichia coli 13 6 11 9 3 42(14.24) 30(14.35) 

Strenotrophomonas 

maltophilia 

3 3 1 1 1 9(3.05) 8(3.83) 

Serratia marcescens 

marscescens 

9 1 - 1 - 11(3.73) 9(4.31) 

Enterobacter spp. 6 - 1 2  9(3.05) 7(3.35) 

Burkholderia cepacia 1 1 - - - 2(0.68) 2(0.96) 

Chryseobacterium 

indologenes 

- 1 - - - 1(0.34) 1(0.48) 

Overall Gram (-) 252(85.42)  196(93.78

) Overall number of 

isolates, n 

76 49 74 53 43 295 209 

Pseudomonas aeruginosa and Acinetobacter baumannii (Fig. 2) show high 

resistance (R) to carbapenems (imipenem and meropenem) and aminoglycosides 

(especially amikacin), but fully preserved sensitivity (S) in 100% to colistin. R was 

higher, manifested by Acinetobacter baumannii compared to Pseudomonas aeruginosa 

to piperacillin, cefepime and levofloxacin.  
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Figure 2. Antibiotic resistance (R) profile of Pseudomonas aeruginosa and Acinetobacter 

baumannii isolates, 2015-2016.  

Strains of Klebsiella pneumoniae have a pronounced high R to cephalosporins, 

piperacillin and ampicillin, reaching from 75% to 100% in contrast to Escherichia coli 

(Fig. 3). Both microorganisms showed absolute sensitivity (100%) to carbapenems 

(imipenem and meropenem) and colistin, with the exception of Klebsiella pneumonia 

(R to colistin in 14.29). 

 

Fig.3. Profile of antibiotic resistance of the isolates Escherichia coli and Klebsiella 

pneumoniae, 2015-2016. 

 

Results and discussion for task 2 

To conduct a prospective study of HAI in the neonatology intensive care unit of the 

Clinic of Obstetrics and Gynecology of the University Hospital "St. George" - Plovdiv 

for the period January 2017-June 2018.  
 

Evaluation of maternal indicators related to pregnancy and at the time of 

birth 

In the present study, information was collected and analyzed for 481 women with 

an average age of 28 ± 9 years, whose newborns were admitted for intensive care in the 

Department of Neonatology at the University Hospital "St. George" - Plovdiv (Table 

4). 

 

Table. 4 Characteristics of the studied parturients (n = 481) 
Indicators Number (n) %± SD 

Age                        28±9 год. 
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Method of concieiving 

Normal mechanism 

IVF 

 

472 

9 

 

98.13±0.62 

1.87±0.62 

Type of pregnancy 

Singleton 

Multiple 

 

452 

29 

 

93.97±1.08 

6.03±1.08 

Observation during pregnancy 

Yes 

No 

 

431 

50 

 

89.6±1.39 

10.4±1.39 

Previous pregnancies 

Yes 

No 

 

255 

226 

 

53±2.27 

47±2.27 

Pathology before pregnancy 

Yes 

No 

 

89 

392 

 

18.5±1.77 

81.5±1.77 

Pathology during pregnancy and at the moment of birth  

Yes 

No 

 

174 

307 

 

36.2±2.19 

63.8±2.19 

Type of pathology  

Obstetrics 

Manifestation of infection 

 

104 

70 

 

59.8±2.23 

40.2±2.23 

Change in the amniotic fluid 

Yes 

No 

 

120 

361 

 

24.9±1.97 

75.1±1.97 

SROM >18ч. 

Yes 

No 

 

37 

444 

 

7.7±1.21 

92.3±1.21 

Fever during pregnancy or at birth 

Да 

Не 

 

17 

464 

 

3.5±0.84 

96.5±0.84 

Elevated CRP during pregnancy or at birth 

Yes 

No 

 

4 

477 

 

0.8±0.41 

99.2±0.41 

Positive vaginal secretions 

Yes 

No 

 

88 

393 

 

18.3±1.76 

81.7±1.76 

Bacterial vaginosis 

Yes 

No 

 

10 

471 

 

2.1±0.65 

97.9±0.65 

It is noteworthy that in 10.4 ± 1.39% of mothers, the pregnancy was not monitored 

by a gynecologist. No relationship was found between non-monitored pregnancies and 

the risk of NI. Pathology before pregnancy was reported in 89 women (18.5 ± 1.77%). 

The relative share of diagnosed pathology during pregnancy is higher - 36.2 ± 2.19% of 

all women. 

 

 

 

Evaluation of anthropometric indicators and specific characteristics related to 

the birth and hospital stay of newborns in NICU.  
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In the period January 2017 to June 2018 information was collected and analyzed 

for 507 newborns admitted for treatment in the intensive care unit at the Neonatology 

Department of St. George University Hospital (Table 5). 

Male infants were present in 57 ± 2.2% (n = 289). According to literature data, 

males are associated with more frequent hospitalizations and a higher risk of nosocomial 

infections. 

The average weight of the children was 2600.93 ± 849.452 grams at an average 

gestational age of 36.6 ± 3.2329 g.w. 225 patients (44.38 ± 2.21%) were born 

prematurely before 37 weeks of gestation and weighing ≤2,500 grams. With regard to 

the choice of delivery method, the cesarean section predominates -63.5 ± 2.14% (n = 

322). In 71 of these cases, an emergency cesarean section was required. In a study 

similar to ours, Greek authors found that 71.7% of all children studied were born by 

caesarean section (Nanou NC et al, 2015). 

Table 5 Characteristics of the studied group of newborns (n = 507) 
Indicator Number (n) Percentage 

%±SD 

Time of admission for intensive 

treatment after birth: 

0-6 h. 

6-12 h. 

12-24 h. 

>24 h. after birth 

 

 

397 

17 

22 

71 

 

 

78.3±1.83 

3.4±0.8 

4.3±0.9 

14±1.54 

Trasnmitted from other medical 

establishment 

Yes 

No 

 

 

35 

472 

 

 

6.9±1.13 

93.1±1.13 

Gender 

Male 

Female 

 

289 

218 

 

57±2.2 

43±2.2 

Birthweight 2600.93±849.452 gr. 

Gestational age 36.6±3.2329 g.w. 

Prematurity 

Yes 

No 

 

282 

225 

 

55.62±2.21 

44.38±2.21 

Prematurity conserning birthweight 

<2499-1500 gr. 

<1499-1000 gr. 

<999 gr. 

n (225) 

163 

36 

26 

 

72.44±2.98 

16.00±2.44 

11.56±2.13 

Prematurity conserning gestational 

age 

<36.6-32 g.w. 

<32-28 g.w. 

<28 g.w. 

 

n (225) 

162 

33 

30 

 

 

72±2.99 

14.67±2.36 

13.33±2.26 

Height 46.79±4.517 cm 

Head circumference 32.54±2.798 cm 

Mode of delivery 

Vaginally 

Cesarean section 

 

185 

322 

 

36.5±2.14 

63.5±2.14 

APGAR score at 1min. 8±2 

APGAR score at 5 min. 9±1 

Reanimation without intubation   
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Yes 

No 

116 

391 

22.88±1.86 

77.12±1.86 

Reanimation with intubation  

Yes 

No 

 

98 

409 

 

19.33±1.75 

80.67±1.75 

Congenital malformations 

Yes 

No 

 

4 

503 

 

0.8±0.39 

99.2±0.39 

Intrauterine retardation 

Yes 

No 

 

19 

488 

 

3.7±0.84 

96.3±0.84 

HAI 

Yes 

No 

 

48 

459 

 

9.5±1.3 

90.5±1.3 

The average hospital stay of the newborns hospitalized in NICU is 14.15 ± 12.424 

days, with a total of 7175 patient-days. As the birth weight decreases, so does the length 

of stay, respectively. The average stay at weight> 2500 g is 11.07 ± 6.449 days, at weight 

<2499-1500 g-14.82 ± 8.372 days, at <1499-1000 g-31.81 ± 19.705 days and <999 g-

25.12 ± 28.812 days (fig. 4). 

 

Fig. 4 Average stay for treatment of patients according to birth weight 

The use of invasive devices is responsible in a part of the progress of intensive care 

and, thanks to them, the survival of newborns is significantly improved. A total of 1271 

days with UVC / CVC were registered for the sample of 507 children hospitalized in 

NICU, as the duration of use of UVC / CVC is short - 3.19 ± 3.401 days. UVC / CVC 

usability was estimated to be 17.7 / 100 patient-days. 147/507 patients (29.19 ± 2.02%) 

required mechanical ventilation, and in 107 of them it lasted > 48 hours. 983 days of 

MV (13.7 / 100 patient days) were reported, with a mean duration of mechanical 

ventilation use of 6.64 ± 8.540 days. 

During the study period, 24 newborns died in NICU and a mortality of 4.73 ± 

0.94% was estimated. When analyzing the data for the deceased patients, it is 

noteworthy to mention their extremely low birth weight, on average 900 ± 560 g and 

low gestational age, on average 27 ± 5.3 g.w. Most of them are children born extremely 

premature and with a severe pathology. 

 Empiric therapy with 1 or 2 antibiotics was performed in almost all of the studied 

patients (95.63 ± 0.91%). The median antibiotic use was 12.21 ± 10.756 days. Such use 

of AB is considered to be expected considering the background of the underlying 

pathology. 
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Determining intensive and extensive epidemiological indicators and 

etiological structure of HAI in newborns 

During the prospective monitoring from 507 newborns, 48 (9.5 ± 1.30%) were 

diagnosed with 54 nosocomial infections (7.67 per 1,000 patient-days). Laboratory-

confirmed colonization without symptoms of infection was found in 10 children.  

Comparing the data from the prospective study with those from the retrospective 

study, it was found that the incidence of HAI in the ward is at a relatively constant level 

of about 10%, which according to literature data is an acceptable level of nosocomial 

infections in the intensive care unit. for premature and underweight babies. 

Ventilator-associated pneumonia (VAP) -67.27 ± 6.33% (n = 36) was again 

leading in the structure of NI, followed by bloodstream infection-23.64 ± 5.73% (n = 

13) (p <0.001). The third most common nosocomial infection is conjunctivitis-9.09 ± 

3.88% (n = 5) (Fig. 5). 

 

Fig.5 Relative share of diagnosed NI by clinical manifestation in the period 2017-2018. 

According to literature data, bloodstream infections are the most common 

nosocomial infection in neonatal intensive care units. Our results differ, with ventilator-

associated pneumonia emerging as the leading infection. The data obtained from the 

prospective study are in accordance with the results of task 1. VAP appears to be the 

most problematic infection for the ward for the entire seven-year follow-up period. 

The estimated time to onset of infections was 8.5 ± 6 days (minimum 3 days; 

maximum 40 days).  

During the study period, out of a total of 24 children who died, 4 were diagnosed 

with HAI and subsequently died, determining a mortality of 8.33%, which is comparable 

to that reported by other researchers. Three of these patients were born weighing <999 

grams and had very severe respiratory pathology (severe asphyxia at birth, perinatal 

pneumothorax, bronchopulmonary dysplasia), which was complicated by the 

development of VAP. The fourth child also has a severe pathology at birth - bullous 

epidermiolysis. The nosocomial infection that has developed has further aggravated the 

severe pathology, contributed to the lethal outcome and cannot be identified as the 

leading cause. 
Indicators related to mothers of children with HAI  

The age of the mother in children with NI is in the range 28.57 ± 6.436 years (n = 

47). According to Bilali A et al, 2012, the early age of conception and birth is a risk 

factor for nosocomial infections in newborns. We did not find a statistically significant 

difference between the age of mothers in children with and without NI (p = 0.407). No 

67.27%

23.64%

9.09%

VAP Sepsis Conjunctivitis
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association was found between the sequence of pregnancy and the observation by a 

specialist and NI. 

Nearly 1/5 (19.15 ± 5.74%) of all pregnant women whose children were diagnosed 

with HAI subsequently reported pathology before pregnancy. Regarding the pathology 

during pregnancy or at the time of birth, the relative share is significantly higher - 51.06 

± 7.29% (n = 24), proving an association with HAI (χ2 = 5.001 p = 0.025). 

Characteristics of patients with HAI 

 Gender 

60.42 ± 7.06% (n = 29) of children who developed NI were male. No association 

was found between gender and NI (χ2 = 0.252233 p = 0.615507). 

 Mode of delivery and time of transfer for intensive care  
In 58.3 ± 7.12% (n = 28) of all neonates with NI, the predominant method of 

delivery was cesarean section. Of these, 15 (53.57%) required emergency caesarean 

section. An association between the mode of delivery and HAI was demonstrated (χ2 = 

17.035, p = 0.000). ). Other authors have also found a similar relationship between the 

risk of HAI and the use of a cesarean section. 

 Birthweight, gestational age and prematurity 

One of the most discussed risk factors for HAI in newborns in the literature is 

birthweight. In the group of children with HAI, an average weight of 1980.00 ± 1041.48 

g was established. There is a significant variation - minimum weight 570 g and 

maximum 4470 g (Fig. 6). There was a statistically significant difference between the 

average weight of children with NI (1980.00 ± 1041.48 g) and those without NI (2665.86 

± 800.78 g) (t = 4.43 p = 0.000). 

 

Fig. 6 Distribution of patients without and with NI according to birth weight 

In the group of children with NI, the average gestational age was 32.854 ± 5.3614 

g.s. It differs from that calculated for children without nosocomial infection (36.6 ± 

3.2329 g.s.) (Fig. 7). There was a statistically significant difference between the two 

groups of patients (t = 4.751 p = 0.000). Premature babies are usually with low birth 

weight and in risk of nosocomial infection. According to Glen Mayhall, 2005 and 

Schulman, 2015 gestational age is one of the key determinants in determining the risk 

of developing nosocomial infection. 
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Fig. 7 Distribution of patients with and without NI according to gestational age 

66.67± 6.8% (n = 32) of children with HAI were born prematurely weighing <2500 

g. An association was found between prematurity by weight and HAI (χ2 = 37,704, p = 

0.000). A statistically significant difference was found in the intragroup weight 

distribution of children with NI: between children weighing between 1500-2499 g - 

3.4±0.8% (n = 9), newborns with very low weight (<1499-1000 g) 4.5±0.91% (n = 12) 

and extremely low birth weight (<999 g) 4.1±0.88% (n = 11). 

Directly related to the length of hospital stay are birth weight and the underlying 

cause that led to hospitalization at the NICU. Fig. 12 shows the distribution of patients 

with and without NI according to birth weight. A significant proportion of patients 

diagnosed with NI are born with very low and extremely low weight. Such a low birth 

weight implies a longer stay in the ward until a weight suitable for discharge is reached 

(Fig. 8). 

 
Fig. 8 Relative proportions of patients with HAI according to birth weight 

 Method of conception and type of pregnancy 

In the group of children with NI 91.67 ± 3.99% (n = 44) were the result of a 

singleton pregnancy, and all 48 were conceived naturally. No association was found 

between conception, type of pregnancy and NI. 

 APGAR at 1 and 5 minute 

In children with HAI, an average APGAR value was calculated per 1 minute of 

5.30 (minimum 1; maximum 9) and 9 per 5 minutes, respectively (minimum 2, 

maximum 10). A low APGAR value of 1 minute is considered a sign of depression at 

birth. 

 Resuscitation and intubation in the delivery room 
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Resuscitation without intubation was required in 8 (16.67 ± 5.38%) of the children 

who were subsequently diagnosed with NI. The relative share of children with NI who 

were resuscitated and intubated in the delivery room was 62.5 ± 6.99% (n = 30), and in 

those without NI was 68 (14.81 ± 1.66%, n = 68) (Fig. 9). An association has been 

demonstrated between the combined use of resuscitation and intubation in the delivery 

room and HAI (χ2 = 63.369 p = 0.000). 

 
Fig. 9 Distribution of children with and without HAI who required resuscitation without 

intubation and resuscitation with intubation. 

Patient-days 

The risk of HAI increases with increasing the length of hospital stay. In total, the 

hospital stay of children with HAI was estimated at 1610 patient-days out of a total of 

7175 patients registered among the general cohort of studied children, and the value of 

this indicator is estimated as high, given the fact that it is calculated for only 48 children. 

The median of the patient-days was 33.63 ± 20.42 days (min - 10 days; maximum 

100 days). For comparison, the average stay in the group of children without HAI was 

12.12 ± 9.16 days (Fig. 10). There was a statistically significant difference between 

children with and without HAI in relation to the patient-days (t = 7.224 p = 0.000). In 

addition to the increased risk of developing NI, prolonged hospital stay is associated 

with increased treatment costs. 

 

Fig. 10 Average length of hospital stay in patients without and with HAI 

 CVC/UVC/PVC  

Important factors related to the risk of HAI, and specifically to bloodstream 

infection, are the use/duration of vascular catheterization, respectively CVC/UVC/ 

PVC. The use of CVC?UVC in children with HAI varies- 7.83±6.849 days. For 

comparison, 2.58 ± 1.976 days were used CVD/UVC for children without HAI (Fig. 
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11). There was a statistically significant difference between the two groups in terms of 

CVC/UVC usage duration (t = 5.167 p = 0.000). The utilization rate of CVC/UVC in 

children with HAI is 22.4/100 patient-days.  

 
Fig. 11 Mean duration of CVC / UVC use in patients with and without NI 

 Mechanical ventilation 

Of all 983 days of mechanical ventilation, more than half were registered in 40 of 

the children with HAI (586 days). The median MV in children with NI is 14.65±11.751 

days (Fig. 12). For comparison, in the group of patients without HAI, the average 

duration of mechanical ventilation was 3.68 days, respectively. There was a statistically 

significant difference between children with and without NI in terms of time for 

mechanical ventilation (t = 5.776 p = 0.000). The MV utilization rate in patients with NI 

was calculated to be 36.4/100 patient-days.  

 
Fig. 12 Mean duration of mechanical ventilation in patients with and without NI 

 Microbiological examinations  

For the study period January 2017-June 2018, 1336 clinical materials were 

examined microbiologically: 261 ear swabs, 408 blood ocultures, 340 tracheal aspirates, 

86 throat swabs, 2 nasal swabs, 41 eye swabs, 152 coprocultures, 7 cerebrospinal fluid 

samples, 9 urocultures, 30 mucocutaneous secretions. Microbial flora was isolated from 

148 clinical materials studied. 

 49 of the presented microorganisms were isolated in the first 24 hours after birth 

from the relevant clinical materials: 31 ear swabs, 9 blood cultures and 9 tracheal 

aspirates. The isolation of microorganisms so soon after birth is a sign of transmission 

of flora from the mother to the newborn most often during the birth process (maternal - 

fetal infection or colonization). Table 6 presents the isolated microorganisms in 
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newborns, divided into two groups - microorganisms isolated in the first 24 hours. 

postpartum and isolates causing HAI.  

Table. 6 Distribution of isolated microorganisms in newborns 
Microorganism Overall 

number of 

isolates 

n,% 

Microorganisms 

isolated in the first 

24h. after birth 

Isolates causative 

agents of HAI 

n,% 

Gram-positive    

Coag. (-) Staphylococcus 19 (12.83) 8 (16.34) 9 (10.11) 

Coag. (-) Staphylococcus MR   3 (2.03)  3 (3.37) 

Staph. aureus 3 (2.03) 3 (6.12)  

MRSA 4 (2.70) 3 (6.12) 1 (1.12) 

Strep. viridans 2 (1.35) 1 (2.04)  

Step. agalacticae 2 (1.35) 2 (4.08)  

β-haemolyticus Strept.group A 1 (0.68) 1 (2.04)  

Enterococcus faecalis 13 (8.78) 6 (12.24) 7 (7.87) 

Enterococcus faecium 3 (2.03)  3 (3.37) 

Overall Gram-positive 50(33.78) 24 (48.98) 23 (25.84) 

Gram-negative     

Klebsiella pneumoniae 26 (17.56) 4 (8.16) 19 (21.35) 

Klebsiella oxytoca ESBL+ 4 (2.70)  4 (4.49) 

E. coli 26 (17.56) 14 (28.58) 10 (11.24) 

Enterobacter cloacae 2 (1.35) 2 (4.08)  

Enterobacter cloacae ESBL+ 3 (2.03)  3 (3.37) 

Enterobacter aglomerans 1 (0.68)  1 (1.12) 

Pseudomonas aeruginosa 12 (8.11) 1 (2.04) 9 (10.12) 

Pseudomonas luteola 1 (0.68) 1 (2.04)  

Acinetobacter baumanii 9 (6.08)  9 (10.12) 

Acinetobacter lwolfii 2 (1.35)             2 (2.25) 

Strenotrophomonas maltophilia 4 (2.70)  4 (4.49) 

Chryseobacterium indologenes 2 (1.35)  2 (2.25) 

Chryseobacterium gleum 2 (1.35) 1 (2.04) 1 (1.12) 

Ahcromobacter xylosoxidans 1 (0.68)  1 (1.12) 

Achromobacter gleum 1 (0.68)  1 (1.12) 

Burkholderia gladidi 1 (0.68) 1 (2.04)  

Brevidimonas diminuta 1 (0.68) 1 (2.04)  

Overall Gram-negative 98 (66.22) 25 (51.02) 66 (74.16) 

 148 49 89 

Both in the general structure of the isolated microorganisms and in the etiological 

causes of HAI the Gram-negative microflora prevails (66.22% and 74.16%) compared 

to the Gram-positive (33.78% and 25.84%), p <0.05.  
Coag (-) Staphylococcus (10.11%) and Enterococcus faecalis (7.87%) are the 

leading Gram-positive microorganisms in NI. Of the Gram-negative microorganisms, 

four are the leading microorganisms isolated in newborns with NI - Klebsiella 

pneumoniae ESBL + (21.35%), E. coli (11.24%), Pseudomonas aeruginosa (10.11%) 

and Acinetobacter baumannii (10.11%). 

The dominance of Gram-negative microflora is supported by the fact that the 

leading infection in our study is VAP. Usually in this type of HAI leading pathogens are 

E. Coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Acinetobacter baumanii, in 

contrast to those acquired in society, in which Gram (+) are usually leading. 
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The overall observation period (2012-2018) exceeds 5 years, which allows us to 

determine the prevalence of Gram (-) microflora as a trend in NISCU. The only change 

is in the leading Gram (-) microorganism. In the retrospective study (2012-2016) the 

leading isolate in NI was Pseudomonas aeruginosa (31.52%), while for the period 

January 2017-June 2018 it was Klebsiella pneumoniae ESBL + (21.43%).  

 Antibiotic days 
In the entire cohort studied, 95.63 ± 0.91% of children received at least 1 antibiotic 

during their stay in the NICU. However, the duration of antibiotic treatment in the two 

groups differed significantly: in the group of children without NI it was on average 10.34 

± 7.427 days and respectively 29.27 ± 18.705 days in the presence of NI. A statistically 

significant difference was found between the two groups (t = 6.953 p = 0.000). Empiric 

therapy was most often started with Ampicillin and Amikacin, which is also embedded 

as empiric therapy in neonatology practice.  

In neonates who developed HAI, the use of more antibiotics was required, 

averaging 5.27 ± 2,304 antibiotics, while in children without HAI, the median number 

of antibiotics used was 1.93 ± 1,175. 

 Automatic linear modeling to analyze the relationship between independent 

variables 
We analyzed the relationship between the independent variables - (gender, birth 

weight, gestational age, prematurity by weight, mode of delivery, APGAR at 1 and 5 

minutes, intubation or resuscitation in the delivery room, the presence of HAI, maternal 

pathology during pregnancy, presence of CVC/UVC, presence of PVC, AB, antibiotic 

intake, CRP test result) and NI using automatic linear modeling. After creating a 

conceptual model and entering the data as dependent (target) and independent 

(predictor) variables and making the corrections, a summary of the analysis process is 

presented, as shown in fig. 13, including the target variable, type of introduction of the 

independent variables - step forward regression and information criterion. Lower values 

of the information criterion are better for the final model. In addition, the coefficient of 

determination between forecast and target variables is presented, which is 39.4% (R2 * 

100 = 39.4%), which means that these variables represent 39.4% of the changes in the 

target variable, and the rest is influenced by other factors. 

 

 
Fig. 13. Summary of automatic linear modeling 

The variables: presence of HAI, APGAR score at 1 min., APGAR score at 5 min., 

gestational age, prematurity by weight, intubation in the delivery room, antibiotic 
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administration, presence of CVC/UVC, CRP test result were established as the most 

significant predictor variables. The effect of the predictor variables on the target is 

represented by Figures 14 and 15. Figure 14 depicts the severity of the effect of the 

variables using the line thickness. In this figure, the variable HAI has the most 

significant effect, which is also significant for the model and amounts to 0.59, p = 0.000. 

The variable Apgar at 5 min (0.127, p = 0.000), Apgar at 1 min (0.072, p = 0.001), 

gestational age (0.069, p = 0.001), degree of prematurity by weight (0.052, p) were then 

placed. = 0.004), intubation (0.038 p = 0.015). The direction of association between the 

predictor and target variables is shown in Fig. 15.  
 

 

 
Fig. 14. Effect of the linear model of predictor variables on the target (dependent) 

variable 
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Fig. 15. Positive or negative effect of the linear model of predictor variables on the target 

(dependent) variable. 

The results of the automatic linear modeling show that not only the presence of NI 

is a predictor for prolonging the stay for treatment of newborns, but also their premature 

birth and low weight, the need for intensive measures in the delivery room, which could 

be due to underlying pathological conditions. 

Identification of risk factors for the occurrence of HAI among the studied cohort 

of patients 
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In order to determine the risk factors for the occurrence of HAI among the studied 

group of patients, we performed one-factor dispersion and multifactor analysis. Table 7 

presents the variables that are associated with NI. 

Table 7. One-factor analysis of risk factors associated with NI 
Variables Patients 

with NI 

(n=48) 

Patients 

without NI 

(n=459) 

OR CI 95% P 

Birth weight (<2000 gr.) 26 85 5.2 2.8-9.6 <0.0001 

Gestational age (<37 g.w.) 31 193 2.5 1.3-4.6 0.003 

Gender (male/female) 29 260 1.2 0.6-2.1 0.617 

Mode of delivery (vaginally/ 

cesarean sections) 

28 294 0.8 0.4-1.4 0.434 

Resuscitation 38 176 6.1 2.9-12.6 <0.0001 

Intubation 30 68 9.6 5.1-18.1 <0.0001 

Pathology during pregnancy or at 

the moment of birth 

24 150 1.9 1.1-3.6 0.027 

CVC/UVC 46 353 6.9 1.6-28.9 0.002 

Duration of use of CVC/UVC (>14 

days) 

2 6 26.4 5.2-135.2 <0.0001d 

Duration of use of PVC (> 14 days) 38 90 15.6 7.5-32.5 <0.0001 

Duration of use of MV (> 7 days) 28 10 22.9 8.9-58.4 <0.0001 

Patient-days (>14 days) 40 108 16.2 7.4-35.8 <0.0001 

Duration of antibiotic therapy  (>7 

days) 

47 236 40.0 5.5-292.7 <0.0001 

Duration of antibiotic therapy  (>14 

days) 

37 70 17.6 8.6-36.2 <0.0001 

Elevated CRPe>10mg/l 22 55 6.3 3.3-11.9 <0.0001 

We then performed a multivariate analysis to determine the effect that the 

significant variables had on the participants' ability to be diagnosed with NI. The logistic 

regression model was statistically significant χ2 (4) = 100.27, p <0.0005. The model 

explained 40.0% (Nagelkerke R2) of the variations in NI and correctly classified 90.1%.  

Table 8. Binary logistic regression to identify risk factors for the emergence of HAI  
Variables OR CI 95% p 

Intubation 4.7 2.3-9.7 0.000 

CRP>10mg/l 2.4 1.2-5.2 0.016 

Duration of antibiotic therapy (>7 days) 11.4 1.4-90.8 0.022 

Duration of use of PVC (> 14 days) 4.0 1.8-9.1 0.001 

In binary logistic regression, endotracheal intubation in the delivery room was 

found as an independent risk factor (OR 4.7; 95% CI 2.3-9.7). Mohammed D et al, 2014 

in a similar study found endotracheal intubation as a risk factor for NI (OR 5.43; 95% 

CI 3.46-8.5). 

The duration of antibiotic treatment >7 days has also been shown to be an 

independent risk factor (OR 11.4; 95% CI 1.4 - 90.8). Kuppala VS et al, 2011 found that 

antibiotic therapy >5 days increased the risk of NI in the neonatal population (OR 2.66; 

95% CI 1.12-6.30).  
 

Results and discussion for task 3 

To study the incidence of ventilator-associated pneumonia (VAP) among neonates 

placed on mechanical ventilation. 
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Determination of intensive and extensive epidemiological indicators and 

etiological structure of VAP in newborns 

VAP infection is defined as a lung infection beginning ≥48 hours after the start of 

mechanical ventilation. VAP is a serious challenge for neonatologists because it affects 

critically ill patients who need prolonged mechanical ventilation. This infection has a 

serious impact on neonatal morbidity and mortality, as well as on treatment costs. 

The clinical criteria for diagnosing VAP have been developed by the National 

Nosocomial Infection Surveillance System (NNIS) and the CDC. It should be noted, 

however, that there is no gold standard for the diagnosis of this infection in the neonatal 

period and there are differences in the applied criteria. 

In the period January 2017-June 2018 mechanical ventilation was required in 148 

newborns hospitalized for treatment in NICU. Of the 148 that required ventilation in 

107 it lasted ≥48 hours. For the purposes of the study, the information about these 

newborns was analyzed. 

Among the 107 patients studied, 36 (30.84 ± 4.46%) were diagnosed with 36 

ventilator-associated pneumonias. In two of the children with VAP, the infection was 

combined with another NI, sepsis and conjunctivitis, respectively. In both cases, they 

occurred chronologically after the diagnosis of ventilator-associated pneumonia. In the 

remaining 74 children, in whom mechanical ventilation was performed ≥48h no 

infection has been diagnosed. They will serve as a group with which to compare the 

characteristics of patients with VAP. 

The results correspond to the data from the retrospective study (2012-2016). 

During the 5-year study period, VAP was the leading nosocomial infection in all years 

with an average relative share of 65%. The analysis of the data and the duration of 

follow-up gives us grounds to define VAP as an endemic and/or specific infection in the 

NICU of the university hospital. 

According to literature data, ventilator-associated infections account for 6.8 to 

32.3% of all NI and are considered the second most common HAI among the 

neonatological population. However, a thorough review of studies in the English-

language literature also reveals reports in which VAP has the highest relative share. In 

our opinion, the results obtained are a sign of the differences that exist between the 

different hospital wards in terms of the leading pathology, which is the main reason for 

admission to intensive care. During the study period, respiratory pathology was leading 

among neonates admitted to NICU.  

 Indicators related to the mother 
In the published literature on VAP in newborns, maternal risk factors are poorly 

discussed.  

The average age of the mothers of the children in both groups is 29 years. 

Approximately half of the women had previous pregnancies (59 ± 4.92%, n = 59). The 

majority were followed by a general practitioner or obstetrician-gynecologist (94 ± 

2.37% n = 94). 

Pathology before pregnancy was reported in 21.87 ±7.31%, n = 7 of mothers whose 

children were subsequently diagnosed with VAP. The relative share of pregnant women 

who suffered from pathological conditions during pregnancy, mainly from obstetric 

pathology, whose children have developed VAP-56.25±8.77%, n = 18 is significantly 

higher. Regarding pathological conditions before and during pregnancy, no association 
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with VAP was found (p> 0.05). It is difficult to assess the relationship of this pathology 

to HAI in these children, but we could assume that such events put newborns at higher 

risk of postpartum complications. 

A change in amniotic fluid was observed in 27±4.44%, n = 27 of women, with the 

most common change being color. Spontaneous rupture of the amniotic sac for >18 

hours before birth was reported in 15±3.57%, n = 15 of all pregnant women, of whom 

26.67±11.42%, n = 4 were women whose children had developed VAP. Again, no 

associative link was found between the two indicators mentioned above and VAP. 

 Method of conception, type of pregnancy and mode of delivery  

All children with VAP are conceived by a natural mechanism and only 2 of them 

are the result of multiple pregnancies. 66.67±8.2% (n = 22) of all patients with VAP 

were born by caesarean section. The same method of delivery is prevalent among the 

control group 75.57±4.99% (n=56).  

 Gender 

In both groups of patients the males predominate: among the children with VAP 

66.61±8.21%, n = 20 and respectively 54.05±5.79%, n = 40 in the group without VAP. 

No association was found between gender and VAP (p=0.528). Badr et al. also found 

that males predominated among patients with VAP. There is no objective reason for 

gender to be the determinant in VAP, as well as in relation to HAI in general. 

Low birth weight and premature birth are considered to be the most important risk 

factors for VAP in the literature. 

 Birth weight 

The average birth weight of children with VAP is 1310 grams (IQR =1435 g). 

For comparison, this indicator in patients not diagnosed with VAP is 1967.30±935.144 

grams. A statistically significant difference was found between the two groups (Mann-

Whitney U=924,000 p=0.045). 

The share of children with and without VAP who were born weighing <2500 

grams is significant, respectively - 81.82±6.71% (n=27) and 70.27±5.31% (n=52). The 

distribution according to body weight is shown in fig. 16. The high share of children 

born weighing <999 g in the group of children with VAP is impressive. An association 

was demonstrated between low birth weight and VAP (χ2=7.437, p= 0.024). 

 
Fig.16 Relative share of newborns with and without VAP according to birth weight 
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In the group of children with VAP the average gestational age was 31.076± 

4.8269 weeks, and in the group without VAP 33.081±4.3282 weeks. A statistically 

significant difference was proved between the two groups (t = 2.048 p =0.45). 

 81.82±6.71%, n=27 of children with VAP and 70.27±5.31%, of patients who did 

not develop VAP were born before 37 weeks of gestation (Fig. 17). An association was 

found between preterm birth and VAP (χ2=10.022 p=0.018), which is confirmed by 

other authors.  

 
Fig. 17 Relative share of newborns with and without VAP according to gestational age 

 APGAR on 1 and 5 minute 

Apgar was calculated at 1 and 5 minutes in patients without VAP of 7 and 9 and 

slightly lower values in children with VAP - 6.50 and 8.25. 

 Intubation and resuscitation in the delivery room 
In 12.12% (n=4) of the children with VAP and 20.27% (n=15) in those without 

resuscitation without intubation was performed. Resuscitation and intubation were 

required in 75.76% (n=25) of children with VAP and 63.51% (n=47) of children without 

VAP. 

 Time to onset of infection  

The mean estimated time to VAP diagnosis is 8±5 days. Almost twice as long - 14 

days was reported by Tripathi, 2009 and Afjeh, 2012.   

 Patient-days 

Total for all patients who were on mechanical ventilation for ≥48h. 2789 patient-

days were calculated. 1178 of them are in children with VAP. The average stay of 

patients with VAP in NICU is 35.70±21,840 days (min. 10 days; max. 100 days). 

Statistically significant, the stay was shorter in children without VAP. On the other hand, 

patients without VAP-21.77±17.273 days (min. 3 days; max. 87 days), (t=3.241 p= 

0.002) (Fig. 18). 
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Fig. 18 Average stay of patients in the ward without and with VAP 

The long hospital stay has already been shown to inevitably increase the risk of 

HAI, including VAP. Low birth weight and the presence of pathology in the perinatal 

period implies a longer hospital stay. VAP further aggravates the condition of patients 

and requires prolongation of stay until the infection is controlled. 

 CVC/UVC 

In the observed cohort of 107 newborns, a total of 646 days with CVC/UVC were 

registered. Accordingly, the CVC/UVC utilization rate is 23.16/100 patient days. On 

average, in children with VAP CVC/UVC was used for 8.52±6.881 days, and in children 

without VAP 5.00±3.655 days, respectively (Fig.19). A statistically significant 

difference was found between the two groups with respect to this indicator (t = 2.837 p= 

0.007). 

 
Fig. 19 Mean duration of CVC/UVC use in patients without and with VAP 

 Mechanical ventilation  

Mechanical ventilation is an indispensable part of intensive neonatal care, but is 

also associated with an increased risk of ventilator-associated pneumonia. 941 days of 

mechanical ventilation were registered among the 107 patients studied. The utilization 

rate is 33.74/100 patient days, respectively. Children without VAP were mechanically 

ventilated for 5.42±4.484 days, while this indicator in patients with VAP was 16.88± 

11.989 days, respectively (Fig. 20). A statistically significant difference was 

demonstrated (t =5.249, p=0.000).  
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Fig. 20 Mean duration of mechanical ventilation in patients without and with VAP 

For the purposes of the study, cards for epidemiological surveillance of patients 

with VAP were developed. After a thorough review of the literature, we included 

clinical, laboratory and radiological criteria for the diagnosis of VAP, in addition to 

isolation of a microorganism. 

Additional clinical criteria for VAP 

      Neonatological patients with VAP often present with unstable temperature, 

bradycardia, tachycardia, and respiratory symptoms: 

- An increase in temperature was observed in 12.12% (n = 4) of children with VAP. 

Cardiac changes were reported in 27.27% (n = 9) of all children. 

- The change in secretions is another criterion that many authors use to support the 

diagnosis of VAP. It is most often in two directions - a change in the amount or 

color of secretions. The relative share of patients with VAP who meet this 

criterion is high - 93.94% (n=31). A change in color was observed more often - 

67.74% (n=21) than in their amount 58.06% (n=18). 

Additional paraclinical criteria for VAP 

- Elevated CRP has been reported in 13 (39.39%) of patients with VAP, and is 

considered to be useful in the study of VAP incidence. 

- Leukocytosis/leukopenia was reported in 45.45% (n = 15) of cases. 

- The most common deviation in the paraclinic is thrombocytopenia - 69.70% (n 

= 23).  

Additional rentgenological criteria for VAP 

- Data on pneumothorax or drainage of the pleural cavity was registered in 45.45% 

(n = 15) of VAP cases. 

- Radiological changes at admission were reported in 69.70 (n = 23) of patients, 

and subsequent changes in dynamics during the hospital stay were observed in 

63.64% (n = 21). 

 Etiological structure of VAP 

The microbiological diagnosis of VAP is based on obtaining a sample from the 

lower respiratory tract by tracheal aspiration. In patients hospitalized in NICU, 

ventilated for> 48 hours and in which VAP developed, a total of 66 isolates were 

detected (Table 9). There was a statistically significant prevalence of Gram-negative 

microflora (90.91%) over Gram-positive (9.09%), p <0.05. Worldwide, the most 

commonly isolated microorganisms in VAP are also from Gram-negative flora, and in 
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recent years these pathogens have been presented with declining susceptibility to 

routinely used antibiotics. Epidemiological assessment of their prevalence is important 

when planning diagnostic and intervention strategies. 

The leading causative agent is Kl. pneumoniae ESBL + (27.27%), followed by 

Acinetobacter baumannii (13.64%), Pseudomonas aeruginosa (12.11%) and E. coli 

(12.11%). These four microorganisms account for 65.13% of pneumonias associated 

with mechanical ventilation. Of the Gram-positive microflora, the leading causative 

agent of VAP is Enterococcus faecalis (6.05%). These results are consistent with data 

from the retrospective study, as well as studies by other authors.  

Table 9. Isolated microorganisms in patients on mechanical ventilation ≥48h 
Microorganism Isolates from tracheal aspirates 

(causative agents of VAP)  

n,% 

Gram-positive  

Coag (-) Staph 1 (1.52) 

Enterococcus faecalis 4 (6.05) 

Enterococcus faecium 1 (1.52) 

Overall Gram-positive,n 6 (9.09) 

Gram-negative  

Kl. pneumonia ESBL+ 18 (27.27) 

Kl. oxytoca ESBL+ 4 (6.05) 

E. coli 8 (12.11) 

Enterobacter cloacae ESBL+ 2 (3.04) 

Enterobacter aglomerans 1 (1.52) 

Pseudomonas aeruginosa 8(12.11) 

Acinetobacter baumanii 9 (13.64) 

Acinetobacter lwolfii 1 (1.52) 

Strenotrophomonas maltophilia 4 (6.05) 

Chryseobacterium indologenes 2 (3.04) 

Chryseobacterium gleum 1 (1.52) 

Achromobacter xylosoxidans 1 (1.52) 

Achromobacter gleum 1 (1.52) 

Overall Gram-negative,n 60 (90.91) 

Overall isolates, n 66 

 Antibiotics  

In newborns, the signs of infection are difficult to differentiate and may overlap 

with the symptoms of other diseases during this period. Therefore, the choice of when 

and how to start or not antibiotic treatment is extremely difficult and is the subject of 

wide discussion. As a result, antibiotic use among the neonatological population as a 

whole is high.  

There was a statistically significant difference in the number of antibiotics used in 

children with VAP (5.73±1.957) and those without VAP (3.64±1.802) (t=5.231 p= 

0.000) (Fig. 21). The duration of antibiotic treatment in the two groups also differed 

significantly (31.18±19.467 days in VAP and 18.43±13.498 days in the absence of 

VAP) (t =3.414 p=0.001). 

In both groups, antibiotic treatment most often began with a combination of 

Ampicillin and Amikacin, and the next antibiotic of choice was most often Cefotaxime 

or Meronem.  
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Fig. 21 Mean duration of antibiotic treatment in patients without and with VAP 

 Antibiotic resistance of the leading causative agents of VAP 
In recent years, antimicrobial resistance has been a problem discussed in the 

scientific community and is thought to be the main cause of the widespread use of 

antibiotics. Newborns often need to be prescribed antimicrobials and the 

microorganisms that are isolated in them show different models of antibiotic resistance 

compared to other groups of patients. 

Resistance to piperacillin-tazobactam, ceftazidime and / or gentamicin is most 

common in neonatal intensive care units. CDC estimates that the treatment of infections 

due to antibiotic-resistant or multidrug-resistant microorganisms worldwide costs 3.5 

billion a year.  

In fig. 21, 22, 23, 24 and 25 is presented data on the phenotype of AB-resistance 

of the leading 5 microorganisms in VAP 5. 

We observe an increase in the frequency of isolation of Klebsiella pneumoniae 

compared to the retrospective period. Isolated strains of Klebsiella pneumonia ESBL + 

show 100% resistance to second and third generation cephalosporins (Fig. 21). 

Klebsiella pneumoniae isolates showed 100% resistance to ampicillin and high levels of 

resistance to aminoglycosides and trimetropim. Even more troubling is the isolation of 

Klebsiella pneumoniae-producing carbapenemases, resulting in resistance to imipenem 

and meropenem, which are antibiotics of choice in ESBL-producing pathogens. Such 

microorganisms were not isolated, which we consider very positive. 

 
Fig. 21 Antibiotic resistance profile and susceptibility of isolated Klebsiella pneumonia 

ESBL + (n = 18) 

In studies from different countries, the resistance of E. coli to ampicillin can be 

as high as 100% and to gentamicin as high as 90%. The resistance of this microorganism 
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to ampicillin found by us is 83.3% (Fig. 22). All isolates are sensitive to imipenem and 

meropenem. 

 
Fig. 22 Antibiotic resistance profile and susceptibility of isolated E. coli (n = 8) 

Pseudomonas aeruginosa is a microorganism that is often resistant to a large 

number of antibiotics and at the same time is capable of causing severe infections with 

high mortality rates. Among the studied group of patients, 100% resistance to 

trimetropim-sulfamethoxazole, amoxi/clavulanic acid was found (Fig. 23). Resistance 

levels to ciprofloxacin, amikacin and cefepime are also high. Sensitivity to colistin, 

which is the last-line treatment antibiotic, remains 100%. 

 
Fig. 23 Antibiotic resistance profile and susceptibility of isolated Pseudomonas 

aeruginosa (n = 8) 

Acinetobacter baumannii is a pathogen that can persist for a long time on external 

surfaces, making it difficult to control transmission. In comparison (2012-2016) 

compared to (2017-2018) there was a certain decrease in the resistance of A. baumannii 

to carbapenems, more pronounced with respect to Meropenem from 86.96% to 70% 

(Fig.3 and Fig.24). The sensitivity to polymyxins is completely preserved. 
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FIG. 24 Antibiotic resistance profile and susceptibility of isolated Acinetobacter 

baumanii (n = 9) 

Representatives of the genus Enterococcus have emerged as leading isolates of 

Gram-positive flora. Vancomycin-resistant enterococci were not isolated. The 

frequency of resistance of these microorganisms to Ampicillin is increasing (Fig. 25), 

which could limit the therapeutic possibilities in the future. 

 
Fig. 25 Antibitotic resistance of Enterococcus spp isolated in VAP (n = 9) 

 Automatic linear modeling to analyze the relationship between independent 

variables 
We analyzed the relationship between the independent variables - (sex, birth 

weight, gestational age, prematurity by weight, mode of delivery, APGAR at 1 and 5 

minutes, intubation or resuscitation in the delivery room, maternal pathology during 

pregnancy, patient-days, days with CVC/UVC, days with PVC, AB, antibiotic intake, 

number of antibiotics, CRP test result) and VAP using automatic linear modeling. After 

creating a conceptual model and entering the data as dependent (target) and independent 

(predictor) variables and making the corrections, a summary of the analysis process is 

presented, as shown in Figure 26, including the target variable, a type of input of the 

independent variables - a step forward regression and information criterion. Lower 

values of the information criterion are better for the final model. In addition, the 

coefficient of determination between forecast and target variables is presented, which is 

69.3% (R2 * 100 = 69.3%), which means that these variables represent 69.3% of the 

changes in the target variable, and the rest is influenced by other factors. 
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Figure 26. Summary of automatic linear modeling 

The variables VAP, number of antibiotics, days with CVC/UVC, APGAR at 1 min, 

APGAR at 5 min, gestational age, patient-days were identified as the most significant 

variables. The effect of the predictor variables on the target is represented by Figures 

27 and 28. Figure 27 depicts the severity of the effect of the variables using the line 

thickness. In this figure, the variable VAP has the most significant effect, which is also 

significant for the model and amounts to 0.27, p=0.000. Then the variable number of 

antibiotics (0.228, p=0.001), days with CVC/UVC (0.138, p=0.007), APGAR at 1 min 

(0.122 p=0.012), APGAR at 5 min (0.086 p=0.034), gestational age (0.083 p=0.037). 

Fig. 28 informs us about the direction of association between predictor and target 

variables. 
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Figure 27. Effect of the linear model of predictor variables on the target (dependent) 

variable 
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Figure 28. Positive or negative effect of the linear model of the predictor variables on the 

target (dependent) variable. 

Identification of risk factors for the occurrence of VAP 

In order to determine the risk factors for the occurrence of VAP among the 

studied group of patients, we performed one-factor dispersion and multifactor analysis. 

Table 10 presents the variables that are associated with VAP.  

Table 10. One-factor analysis of risk factors associated with VAP 
Variables Patients 

with VAP 

(n=33) 

Patients 

without 

VAP 

(n=74) 

OR CI 95% P 

Birth weight (<1500 gr.) 21 30 3.08 1.0-9.44 0.043 

Gestational age (<32 g.w.) 22 29 4.1 1.4-12.35 0.009 

Resuscitation 29 62 1.4 0.42-4.73 0.583 

Intubation 25 47 1.8 0.71-4.53 0.212 

Pathology during pregnancy or at 

the moment of birht 

18 34 1.29 0.55-2.99 0.560 

Patient-days (>7 days) 33 60 1.55 1.33-1.80 0.007 

Patient-days (>14 days) 27 47 2.59 0.95-7.05 0.058 

Duration of use of CVC/UVC (>7 

days) 

13 8 5.28 1.92-14.5 <0.001 

Duration of use of PVC (> 7 days) 33 60 1.55 1.33-1.80 0.007 

Duration of use of PVC (> 14 

days) 

27 42 3.43 1.27-9.3 0.012 

Duration of use of MV (> 7 days) 28 10 22.9 8.9-58.4 <0.0001 

Duration of antibiotic therapy  

(>7 days) 

32 60 7.47 0.94-59.4 0.029 

Duration of antibiotic therapy  

(>14 days) 

26 39 3.33 1.29-8.63 0.011 

We then performed a binary logistic regression to determine the effect that the 

significant variables had on the possibility of participants to be diagnosed with VAP. 

The logistic regression model was statistically significant χ2(4)=31.922, p <0.0000. The 

model explained 49.4% (Nagelkerke R2) of the variations in VAP and correctly 

classified 81.9%.  
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In the binary logistic regression, the duration of mechanical ventilation> 7 days 

(OR 4.7; 95% CI 2.3-9.7, p=0.000) was established as an independent risk factor. In 

others, similar to our studies, the duration of mechanical ventilation has also been shown 

to be an independent significant risk factor. 
 

Results and discussion for taks 4 

To study catheter-associated bloodstream infections in neonates with venous 

catheterization. 

In the course of the study from January 2017 to June 2018 among the 507 patients 

admitted to the neonatal intensive care unit, 13 were diagnosed with a bloodstream 

infection. This infection ranks as the second most common nosocomial infection - 

23.64±5.73% (10.23/1000 patient days). In 12 children the infection was associated with 

the presence of an invasive device (CVC, UVC, PVC), and in 1 child a diagnosis of 

clinical sepsis was made. 

According to literature data, bloodstream infections are the most common 

nosocomial infection and represent from 44.5 to 71% of HAI among the neonatological 

population, most of which are associated with the presence of an invasive device. In our 

country, according to the latest data from 2014, bloodstream infections in neonatology 

wards rank fourth after infections of the sensory organs, respiratory and intestinal 

infections, due to the fact that the analysis of the data is on all newborns, not those in 

the intensive sectors. 

 Indicators related to the mother 
The age of the mother in children with sepsis is in the range of 25.92±5.993 years. 

For 53.85±13.83% of pregnant women this was the first pregnancy. All women were 

followed by a general practitioner or obstetrician-gynecologist. Only in one pregnant 

woman (7.69±7.39%) pathology was reported before pregnancy. Pathology during 

pregnancy or at the time of birth was reported in 46.15±13.83% (n = 6) of pregnant 

women. 

In 4 pregnant women (30.77±12.80%) there was a change in amniotic fluid, 

mainly in their color (75% of cases). SROM ≥18h was reported in only 1 of the pregnant 

women. 

The predominant mode of delivery is vaginal birth (53.85±13.83%), as 

84.61±10% (n = 11) were born in the University Hospital "St. George" Plovdiv and were 

admitted for intensive care in the first hours after birth. 

 Gender 
In patients with bloodstream infection, the female gender predominates - 

53.85%±13.83% (n=7). According to literature data, males are associated with more 

frequent hospitalizations and a higher risk of developing HAI. 

 Birth weight and gestational age 
Bloodstream infections are more common in premature babies weighing less than 

2,500 grams at birth. The mean birth weight of the 13 patients studied was 

2735.38±1120.644 grams. 5 of 13 patients (38.46±13.49%) were born weighing <2500 

grams. A mean gestational age of 36.3±4.96 weeks was calculated. 

 APGAR at 1 and 5 min.  
The mean Apgar score per minute in the 13 patients with sepsis was 7.88±1,553. 

Accordingly, this value at 5 min increased on average to 9.25±1.035. 
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 Resuscitation and intubation  
Resuscitation without intubation was required in 2 (15.38±10%) children, and 

resuscitation and intubation were performed in 5 (38.46±13.49%), respectively. 

 Time to onset of infection 
The mean time to onset of infection was 8.92 days. 

 Patient-days 
A number of studies have found that patients with HAI, including patients with 

bloodstream infection, have to stay longer for treatment. In the studied 13 newborns, 

426 patient days were reported. The mean stay of patients with sepsis was 32.77±20,965 

days and was approximately three times longer than that of patients without NI. 

 CVC/UVC and PVC 
CVC/UVC in children with sepsis was used for an average of 10 days and 

significantly longer peripheral venous catheterization - 43.83±21.656 days. One of the 

strategies for dealing with catheter-associated bloodstream infections, which is being 

discussed, is the standardization of the procedure for placement of CVC/UVC and their 

maintenance, which is associated with the introduction of "bundles" (package of 

measures) in the placement and maintenance of vascular devices. 

 Mechanical ventilation  
6 (46.15±13.83%) of the 13 children studied required mechanical ventilation. The 

mean duration of mechanical ventilation in these children was 11.83±8.976 days, 

respectively. Mechanical ventilation is discussed in the literature as a risk factor for late-

onset sepsis. 

As there are still no generally accepted criteria for diagnosing sepsis in children 

<1 year of age, for the purposes of the study, after a thorough review of publications on 

the topic, we developed a card for epidemiological surveillance of neonatal sepsis. The 

criteria for diagnosing sepsis are divided into three categories::  

1.Clinical signs 

• Temperature> 38 ° C, temperature instability or hypothermia (<36.5 ° C);  

• Respiratory disorders (tachypnea, bradypnea, periods of apnea) 

• Cardiocirculatory disorders (bradycardia, tachycardia) 

• Metabolic and electrolyte disturbances (metabolic acidosis, hypoglycaemia or 

hyperglycaemia) 

• Recolorization time> 0.3 sec.  

• Other signs of sepsis (change in skin color, unstable condition, apathy) 

2.Paraclinical signs 

• CRP>10 mg/dl 

• Leukocytopenia or leukocytosis 

• Thrombocytopenia 

    For the purposes of the study, we analyzed how often and what changes were 

observed in clinical signs and paraclinical studies in patients diagnosed with 

bloodstream infection.  

 Clinical signs 
Temperature instability is considered an important symptom of probable 

infection in neonates. Fever has been reported in 8 (61.54±13.49%) of patients with 

sepsis. The same is the relative share of children - 61.54±13.49%, in whom respiratory 

disorders were registered. 
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Metabolic disorders are also common - 69.23±12.80% (n=9). The highest is the 

relative share of cases in which it was hypoglycemic episodes (55.56%). Relatively 

often during the examination of patients other signs of sepsis were reported, such as 

unstable condition or apathy - 62.93±12.80%, n=9. 

 Paraclinical signs 
Elevated CRP values are used as a sign of infection, including sepsis. A similar 

deviation was registered in 84.61±10% (n=11) of the patients we followed. The mean 

CRP is 32 (min. 12; max. 198). It should be noted that the increase in this indicator was 

not a one-off. A Sorsa study (2018) found 65.6% sensitivity and 78% specificity of CRP. 

Leukocytosis/leukopenia is another paraclinical sign used by researchers to 

diagnose sepsis. In our patients in 38.46±13.49%, n=5 of the cases a deviation was 

reported. According to some authors, the combination of changes in CRP and leukocyte 

count is a more informative and accurate indicator of late-onset blood infection. 

The relative proportion of patients with thrombocytopenia was again 38.46 ± 

13.49% (n = 5).  

 Microbiological examinations 

45 blood cultures were tested in the 13 newborns included in task 4. Blood culture 

is the gold standard in the diagnosis of bloodstream infection and should be performed 

in all cases of suspected sepsis before initiating antibiotic therapy. A total of 17 

microorganisms were isolated, which were identified as causative agents of bloodstream 

infection (Table 11).  

Table 11. Microorganisms isolated from blood culture in patients with sepsis 
Isolated microorganism n,% 

Gram-positive  

Coag (-) Staphylococcus 8 (47.06) 

Coag (-) Staphylococcus MR 3 (17.66) 

Enterococcus faecium 2 (11.76) 

Enterococcus faecalis 1 (5.88) 

Overall Gram-positive 14 (82.35) 

Gram-negative  

E. coli 1 (5.88) 

Enterobacter cloacae ESBL+ 1 (5.88) 

Acinetobacter lwolfii 1 (5.88) 

Overall Gram-negative 3 (17.65) 

Number of isolated microorganisms 17  

Table 11 shows that Gram-positive microorganisms predominate (82.35%), with 

Coag (-) Staphylococcus having the largest relative share. The second most common is 

Enterococcus spp. 

CoNS is recognized worldwide as a leading pathogen in bloodstream infections, 

especially those that may be associated with the presence of a central venous catheter. 

Fig. 29 presents the antibiotic resistance of the leading cause of bloodstream 

infections, CoNS. 
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Fig.29 Antibiotic resistance of Coag (-) Staphylococcus isolated from blood culture 

The high resistance of CoNS to Ampicillin and Gentamicin is impressive. This 

can be explained by the frequent use of antibiotics in this group for empiric therapy. 

These two antibiotics are recommended by WHO for initial therapy in suspected early 

or late-onset sepsis. At the same time, the sensitivity to chloramphenicol, linezolid and 

teicoplanin is completely preserved. Sensitivity to vancomycin was found in 75% of all 

isolates, which is consistent with the results of other researchers. 
 

Results and discussion for task 5 

To perform a financial analysis of the costs for treatment of ventilator-associated 

pneumonia in the neonatology intensive care unit of the Clinic of Obstetrics and 

Gynecology, St. George University Hospital - Plovdiv. 

In the current financial analysis of the costs for the treatment of ventilator-

associated pneumonia in the NICU are included 21.10% (107 patients) of all 507 

newborns who underwent mechanical ventilation for more than 48 hours. 

Demographic characteristics of the patients 

Of the 107 patients included in the study (33 with VAP and 74 without VAP), 

56.1% were male, with a median age of 1 day (min. 1; max. 5 days). Most of the patients 

were admitted to the NICU on the first day of birth - 96.3% (n=103), and the median 

age at diagnosis of VAP is 8 days. Among patients with VAP, the median duration of 

mechanical ventilation before diagnosis is also 8 days. 

Table 12 presents a comparison between patients by groups, with and without 

VAP, respectively. There were no statistically significant differences between patients 

with and without VAP in terms of age, sex, APGAR score at 1 min and 5 min, preterm 

by weight groups, time of admission after birth and survival. Significant differences 

were demonstrated between the median weight (U=924, p=0.045) and gestational age 

(t=2.14, p=0.035) of the patients in the two study groups. 

Length of hospital stay (patient-days) 

The median hospital stay (patient-days) for patients with VAP is 32 days (25th 

percentile - 19 days; 75th percentile-46 days) compared to 18 days (25th percentile-11 

days; 75th percentile-27 days) for patients without VAP (U=1752, p=0.000). The 

attributive hospital stay due to VAP is 14 days. For the group of patients with VAP, the 

median hospital stay and duration of mechanical ventilation before infection was 8 days 
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(25th percentile-6.5 days; 75th percentile-10.5 days).There was a statistically significant 

difference between the median duration in days of mechanical ventilation between the 

two groups - with VAP 12 days versus 4 days in the group of patients without VAP 

(U=2068.5, p=0.000). Mortality was similar in both groups (z=0.4, p=0.688) (Table 12).  

Table 12. Comparison of patient characteristics in the study by groups 

Variables 
Cases with VAP 

(n=33) 

Cases without VAP 

(n=74) 
p-value 

Demographic characteristics 

men, n (%) 20 (60.6) 40 (54.1) 0.6321 

age (days), median; 25th, 75th percentiles 1; 1, 1 1; 1, 1 0.8132 

weight (gr.) median; 25th, 75th percentiles 1310; 965, 2400 1690; 1208, 2730 0.0452 

gestational age (weeks) mean±SD 31.08±4.83 33.08±4.33 0.0353 

Clinical data 

APGAR score at 1min. n (%) 

very severe depressive state 10 (32.3) 21 (28.4) 0.6901 

moderate depressive state 15 (48.4) 40 (54.1) 0.5941 

stable condition 6 (19.4) 13 (17.6) 0.8271 

APGAR score at 5 min. n (%) 

very severe depressive state 1 (7.7) 2 (5.4) 0.7641 

moderate depressive state 3 (23.1) 8 (21.6) 0.9111 

stable condition  9 (69.2) 27 (73.0) 0.7931 

Prematurity n (%) 27 (81.8) 61 (82.4) 0.9401 

Degree of prematurity by weight n (%) 

  1500 – 2499 gr. 5 (18.5) 22 (36.1) 0.0991 

  1499 – 1000 gr. 12 (44.4) 18 (29.5) 0.1731 

  >999 gr. 9 (33.3) 12 (19.7) 0.1681 

Degree of prematurity by gestational age n (%) 

32 – 37 g.w. 5 (18.5) 27 (44.3) 0.0201 

28 – 32 g.w. 9 (33.3) 15 (24.6) 0.3981 

>28 g.w. 13 (48.1) 14 (23.0) 0.0191 

Time at admission (h) 

from 0 to 6 hours after birth 29 (87.9) 63 (85.1) 0.7001 

from 6 to 12 hours after birth 2 (6.1) 5 (6.8) 0.8931 

from 12 to 24 hours after birth 1 (3.0) 2 (2.7) 0.9311 

>24 hours after birth 1 (3.0) 4 (5.4) 0.5871 

Age at diagnosis of VAP5 (days) median; 25th, 

75th percentiles  
8; 7, 10 - - 

Patient-days median; 25th, 75th percentiles 32; 19, 46 18; 11, 27 0.0002 

Patient-days before VAP4 median; 25th, 75th 

percentiles 
8; 6.5, 10.5 - - 

MV5 (days) median; 25th, 75th percentiles 12; 8.25, 24.50 4; 3, 7 0.0002 

MV before VAP median; 25th, 75th percentiles 8; 6.5, 10.5 - - 

Lethality n (%) 6 (18.2) 16 (21.6) 0.6881 

Costs 

Total hospital costs (BGN) median; 25th, 75th 

percentiles  

7189.19; 

4887.37, 10065.39 

4552.74; 

2804.86, 6311.14 
0.0002 

Costs for antibiotic therapy (BGN) median; 

25th, 75th percentiles  
846.47; 

552.49, 1944.54 

687.68; 

415.46, 1149.54 
0.0242 
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1 z-тест for comparison of 2 relative shares; 
2 Mann-Whitney test; 
3 t-тест t-for comparison of 2 arithmetic means of independent samples  
4 ventilator-associated pneumonia 
5 mechanical ventilation 

Costs 

The concept of improving the quality and safety of healthcare is well known. 

However, a follow-up question is often asked whether these improvements are cost-

effective. The present study examines the costs associated with patients diagnosed with 

VAP hospitalized in the NICU based on criteria that combine isolation of a 

microorganism from a tracheal aspirate, radiological and clinical criteria. 

The cost estimate follows the logic of a number of economic studies that focus 

on the main determining cost - length of stay (patient-days), total hospital costs and 

analysis of the cost of antibiotic therapy. In addition, our approach includes calculating 

the directly related costs in absolute value and as a percentage, which are the result of 

VAP - average hospital stay (patient-days), average duration of treatment (antibiotics), 

average hospital costs (BGN), average hospital costs per day (BGN), average costs for 

antibiotics (BGN), average costs for antibiotics per day (BGN).  

Table 12 presents the medians of hospital costs for patients with VAP - BGN 

7,189.19 (25th percentile-BGN 4,887.37, 75th percentile-BGN 10,065.39), compared 

to BGN 4,552.74. 25th percentile-BGN 2,804.86, 75th percentile-BGN 6,311.14), for 

patients without VAP (U=1791.5, p=0.000). The median cost of antibiotic therapy for 

patients with VAP is BGN 846.47 (25th percentile-BGN 552.49, 75th percentile-BGN 

1,944.54), compared to BGN 687.68 (25th percentile-BGN 415.46, 75th percentile-

BGN 1,149.54), for patients without VAP (U=1556, p=0.024). The established longer 

hospital stay (patient-days) and days of mechanical ventilation are confirmed by other 

authors for neonatal and pediatric VAP patient. The analysis demonstrates a statistically 

significant difference in hospital costs, therefore, and in the length of stay (patient-days), 

and in the costs for antibiotic therapy of patients in NICU with and without VAP (Table 

12).  

Table 13 summarizes the costs directly related to VAP. 

Table 13. Financial impact associated with ventilator-associated pneumonia: additional 

costs for VAP 

  

Cases with 

VAP  

Cases 

without 

VAP 

    

(n=33) (n=74)     

Patient-days (days) 1 178 1 611     

Days with antibiotic (days) 1 029 1 364     

Hospital costs (BGN) 289 724 371 960     

Costs for antibiotics (BGN) 47 060 65 689     

Directly associated with VAP difference number % 

Median hospital stay (patient-days 36 22 14 64 

Median duration of antibiotic treatment 31 18 13 72 

Median hospital costs (BGN)  8780 5026 3 753 75 

Median costs for antibiotics (BGN) 1426 888 538 61 

Median daily hospital costs (BGN) 246 231 15 6 

Median daily costs for antibiotics (BGN) 46 48 -2 -4 
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The difference directly related to VAP in the average hospital stay (patient-days) 

is an increase by an average of 14 days (64%), and in the costs for hospital treatment an 

average increase of BGN 3,753 (75%) is reported. 

The results of the conducted economic analysis are in accordance with already 

published studies that VAP increases hospital stays and costs. However, our data shows 

a much larger increase in hospital stay (patient-days) - 64% and costs - 75% due to VAP 

than previously reported. In addition, we observe almost identical average daily costs 

for patients with and without VAP (BGN 246 vs. BGN 231), which suggests that the 

increased number of patient-days is the main driver for increasing costs. 

This study is exclusively aimed at patients in neonatology and can be used for 

comparative analysis of data from other similar departments. We believe that our study 

somewhat underestimates the real costs of VAP, as it analyzes only direct costs and does 

not include costs for outpatient care, such as those for follow-up visits to pediatricians, 

home care and additional costs for medication. In addition, indirect costs such as the 

economic burden on the family due to loss of income, family break-up and costs of pain 

and/or disability are not included. No attempt has been made to measure the impact of 

functional deficits in patients with VAP. 
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CONCLUSIONS 

 

1. The incidence of HAI/NI in NICU of UMHAT "St. George" in the period 2012-

2016 and 2017-May 2018 is respectively 10.77 and 9.5 per 100 hospitalized 

newborns. We evaluate the value of the indicator as constant, regardless of the 

applied monitoring method and acceptable considering the specific population of 

patients.  

2. The lethality in neonates with HAI/NI is in the range of 3.68-8.33% and can be 

defined as relatively low in the presence of the severe morbid background, with 

which children usually enter NICU. 

3. Ventilator-associated pneumonia has clearly emerged as the leading clinical 

manifestation of HAI/NI, followed by catheter-associated bloodstream infection 

and conjunctivitis. 

4. In the etiological structure of infections, the share of Gram-negative 

microorganisms is statistically significantly higher than Gram-positive and is in the 

range from 85.42% to 74.16%. Their spectrum is diverse and is represented mainly 

by 4 species of microorganisms: Klebsiella pneumoniae, Escherichia coli, 

Pseudomonas aeruginosa and Acinetobacter baumannii, and the group of Gram-

positive is more homogeneous with a dominant participation of Coagulase-negative 

Staphylocococcus and Enterococcus faecalis. VAP is characterized by a diverse 

etiological spectrum, but with a pronounced predominance of Gram-negative flora, 

and Coagulase negative Staphylococcus is a major pathogen in bloodstream 

infection. 

5. High resistance to first-line antibiotics (ampicillin and amikacin) used for empirical 

therapy in the leading Gram-negative isolates was found. In the group of Gram-

positive microorganisms, in particular in Enterococcus faecalis, high resistance to 

ampicillin (80%) and relatively high to ciprofloxacin (60%) was demonstrated. All 

isolates have preserved 100% sensitivity to antibiotics accepted as the last line of 

therapeutic choice. 

6. There is an associative link between HAI/NI and maternal indicators (abnormal 

pregnancy and cesarean section) as a mode of delivery. Regarding the factors 

related to the newborn (birth weight and gestational age), a significant difference 

was proved between the groups with and without HAI (1980.00 gr. and 32.8 weeks 

and 2665.86 gr. and 36.6 weeks, respectively). 

7. The use of invasive devices (CVC, UVC, PVC and MV) is statistically significantly 

longer in newborns with HAI/NI, as the utilization rate of CVC/UVC is 22.4/100 

patient days.  

8. The length of hospital stay measured in patient-days and duration of antibiotic 

treatment were statistically significantly higher in children with HAI/NI (33.63 days 

and 29.27 days) than in those without (12.12 days and 10.34 days).  

9. Independent risk factors for the occurrence of HAI are intubation in the delivery 

room, increase in CRP> 10 mg/dl, duration of use of PVC over 14 days and 

antibiotic therapy over 7 days, and in VAP - duration of mechanical ventilation over 

7 days . 
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10. VAP as a leading infection leads to a threefold increase in hospital treatment costs 

(average increase of BGN 3,753) and more than a twofold increase in the average 

hospital stay (average increase of 14 days).  
 

 

CONTRIBUTIONS 

 

Contributions with original character  

1. For the first time a comprehensive epidemiological and microbiological 

analysis was performed of the results of a seven-year ambispective study of 

the dynamics and trend of the epidemic process of HAI/NI in the neonatal 

intensive care unit of one of the largest university hospitals in the country and 

the determinants for modeling morbidity. 

2. For the first time a financial analysis of the direct costs of treatment of 

newborns diagnosed with VAP during a stay for intensive care was 

performed. 

Contributions of scientific and theoretical nature 

1. The theoretical knowledge in the etiology and epidemiology of HAI/NI in the 

neonatal period is presented and discussed in many ways. 

2. An in-depth analysis of a number of factors on the part of the mother and the 

newborn, which could affect the possibility of further development of HAI/NI 

was performed. 

3. Recommendations for prevention of neonatal HAI‘s are systematized - 

general and specific for indicator infections, as the latter are defined as 

package measures for prevention (bundles).  

Contributions of an applied nature 

1. The developed cards for epidemiological surveillance during the stay of 

patients in NICU and the leading indicator infections (VAP, sepsis and 

necrotizing enterocolitis), based on clinical, microbiological, paraclinical and 

radiological criteria can serve to improve the registration of NI in neonatology 

wards in the country, as well as for comparability of surveillance data. 

2. The analyzed intensive and extensive epidemiological indicators in patients 

with HAI/NI allow to propose a model for surveillance in NICU, based on the 

concept of WHO for continuous monitoring of HAI in risk clinics. 

3. The coincidence of risk factors identified in the literature for the occurrence 

of HAI/NI with the manifestation in the considered group of patients has been 

studied, in order to indicate specific prevention measures.. 

4. On the basis of evidence-based medicine, the knowledge about the etiological 

causes of the leading HAI/NI and their antibiotic resistance has been 

supplemented, giving direction in the formation of the antibiotic policy in the 

neonatology intensive care unit. 

5. The analyzed differences in hospital costs arising from the length of stay 

(patient-days) and the cost of antibiotic therapy of patients with and without 

VAP will help plan funds in the neonatal intensive care unit while maintaining 

the current level of infections. 
 

 



46 
 

 

 

LIST OF SCIENTIFIC PUBLICATIONS AND PARTICIPATIONS IN 

SCINETIFIC FORUMS, RELATED TO THE TOPIC OF THE DISSERTATION 

WORK 

Publications 

1. Rangelova V, Kevorkyan A, KalchevY, Krasteva M, Dermendzhiev T, Five-year 

retrospective epidemiological study of nosocomial infections in neonatology intensive 

care unit, Pediatrya, Suppl, 2018;57:47-51. 

2.Rangelova V, Kevorkyan A, Recommendations for prevention of neonatal hospital-

acquired infections, Nosocomial infections, 2018-2019; 12: 23-35. 

3.V. Rangelova, R. Raycheva, A. Kevorkyan, M. Krasteva, T. Dermendzhiev, 

Surveillance of nosocomial infections in a Bulgarian neonatology intensive care unit, 

Folia Medica (2020 in print). 

4.V. Rangelova , M. Krasteva, A. Kevorkyan, T. Dermendzhiev, M. Hristamyan, Y. 

Stoilova, Neonatal nosocomial infections- rates, characteristics and microbiological 

profile. Revue d’ Epidemiologie et de Sante Publique 66S, (2018), P8-62,S277-S434 (IF 

2018-2019 0.806) (abstract). 

Participation in scientific forums  

1. Rangelova V, Krasteva M, Kevorkyan A, Dermendzhiev T, Hristamyan M, 

Stoilova Y, Neonatal nosocomial infections-rates, characteristics and 

microbiological profile, European congress of Epidemiology (EuroEpi 2018)- 

4-6 July 2018, Lyon, France; 

2. Rangelova V ,Krasteva M, Kevorkyan A,Dermendzhiev T, Petleshkova P, 

Rates of ventilator-associated pneumonia in neonatal intensive care unit, 16th 

European congress of perinatal medicine, 5-8 September, Saint Petersburg, 

Russia. 

3. Rangelova V, Kevorkyan A, Krasteva M, Amudzhian D, The role of the 

bundles in the neonatology practice, Second National Conference on 

Epidemiology “Diseases with epidemioc potential and possibilities for 

prevention”, 27-29 September, Plovdiv; 
 

 

 

 

 

 

 

 

 

 

 

 

 


