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Abstract

Background: Ventilator associated pneumonia (VAP) is a common complications in neonates
especially in developing countries which depend on blood culture on its diagnosis. The aim of
the work was to find out the prevalence, risk factors, causative microorganisms and outcome
of VAP in preterm and full term neonates admitted to neonatal intensive care unit (NICU),
Tanta University Hospital (TUH) and Benha University Hospital (BUH) in Egypt. Subjects and
Methods: This study was conducted on 120 neonates receiving mechanical ventilation (MV) for
more than 48 hours (60 preterm neonate (Group 1) and 60 full term neonate (Group 2). Each
group was sub classified into early onset VAP and late onset VAP, 30 full term neonates not
received MV served as controls. Comparison between culture and sensitivity of blood versus
non- bronchoscopic broncho alveolar lavage (NB-BAL) in the studied patients. Results: 75%
of studied patients showed negative blood culture. According to BAL culture, the commonest
organism in early and late onset VAP in preterm groups was Klebsiella pneumonie while in early
onset VAP in full-term subgroup, Pseudomonas and Enterobacter gergoviae were the commonest
and in late onset VAP in full term subgroup, pseudomonas and Klebsiella pneumonie were the
commonest. Antibiogram of BAL culture differs from that of blood culture. According to ROC
curve, BAL culture has higher sensitivity and specificity than blood culture for diagnosis of VAP
in both preterm and full term neonates. Conclusions: VAP was common in both preterm and
full term Egyptian neonates. Prolonged duration on mechanical ventilation was the commonest
risk factor. BAL was more sensitive and more specific than blood culture in identifying
microorganisms of neonatal VAP so it helped early adequate diagnosis thus providing a better
outcome of VAP.
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Risk factors for VAP include prematurity, very low birth weight,
severe underlying disease, prolonged duration of mechanical
ventilation, use of wide spectrum empirical antibiotics,
prolonged hospital stay, inadequate pulmonary care, extensive
use of invasive devices and procedures, and increased number
of re-intubation [9].

Aim
Tofind outthe prevalence, risk factors, causative microorganisms

and outcome of VAP in preterm and full term neonates admitted
to NICU of TUH and BUH in Egypt.

Introduction

Pneumonia is an important cause of neonatal infection and
accounts for significant morbidity and mortality, especially
in developing countries [1,2]. Neonatal pneumonia may be
classified as early onset (within the first 3 days of life, mostly
within 48 hours), or late onset (from 4 till 28 days of life).
Congenital or intrauterine pneumonia which is a variant of
early onset pneumonia either acquired by trans-placental spread
or from aspiration of infected amniotic fluid after prolonged
premature rupture of membranes (PROM) or during delivery [3].
Late onset pneumonia is nosocomial infection [4]. Pneumonia
mortality risk is strongly dependent on birth weight and age of
onset. Case fatality rates are much higher for intrauterine or
early onset pneumonia than for late on set neonatal pneumonia
[4,5] and higher among low birth weight newborns [6]. VAP
occurs in patients receiving mechanical ventilation through an

Materials

This prospective study was carried out after approval from
Research Ethical Committee Centre of Tanta and Benha
University Hospitals and obtaining an informed oral or written
consents from parents of included neonates in NICU of the

endotracheal or tracheostomy tube within 48 hours [7,8].

Difficulties in diagnosis of VAP have led to the development of
many diagnostic techniques such as blood culture, bronchoalveolar
lavage, protected specimen brush and quantitative endotracheal
aspirates. The gold standard for diagnosis of VAP is lung biopsy;
however it is an invasive procedure [7].

4

Pediatric Department of TUH and BUH as tertiary care teaching
hospitals over a period of twenty four months from January
2015 to January 2017, on 150 neonates. Their ages ranged from
0 to 28 days. They were 76 males and 74 females. The studied
patients were120 neonates who received MV for more than 48
hours. Patients were classified into two groups:
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Group 1 (VAP in preterm neonates)

Included 60 preterm neonates, their weight ranged from 0.9 to
2.5 kg, gestational age <37 weeks. This group was sub classified
into Group la (Early onset VAP in preterm neonates): included
30 preterm neonates who acquired VAP in the first 3 days
of age and Group 1b (Late onset VAP in preterm neonates):
included 30 preterm neonate who acquired VAP after the first
3 days of age.

Group 2 (VAP group in full term neonates)

Included 60 full term neonate, their weight ranged from 2.6
to 4.3 kg, gestational age > 37 weeks. This group was then
sub classified into two group Group 2a (Early onset VAP in
full term neonates): included 30 full term neonates who were
acquired VAP in the first 3 days of age and Group 2b (Late
onset in full term neonates): included 30 full term neonate who
acquired VAP after age of 3 days.

Group 3 (Control group)

Included 30 neonates of age ranged from 0 to 28 days, their
weight ranged from 2.5 to 4 kg, gestational age from 38 to 42
weeks admitted to NICU due to various illness not received
mechanical ventilation.

Inclusion criteria

All neonates on MV for more than 48 hours provided that they
had no clinical, laboratory or radiological manifestations of
pneumonia at the time of initiation of MV.

Exclusion criteria

Neonates who required MV for less than 48 hours, who had
pneumonia at the time of initiation of MV, meconium aspiration
syndrome (MAS), pulmonary edema or congenital anomalies of
the lung.

Contraindications to NB-BAL sampling

High oxygenation requirement (FIO, >0.85), pneumothorax,
bradycardia (heart rate <80 beats/min), hypotension or
thrombocytopenia (platelet count <30,000/mm?).

Centers for Disease Control and Prevention (CDC) has
recommended the following criteria for diagnosis of VAP in
neonates and infants under one year of age: Patients who are
mechanically ventilated for more than or equal to 48 hours with
worsening of gas exchange (O, desaturations, pulse oximetry
<94%, increased oxygen requirements or increased ventilator
demand) and at least three of the following symptoms and signs:
Temperature instability (Rectal temperature >38°C or <35.5°C),
apnea, tachypnea, nasal flaring with retraction of chest wall,
grunting, wheezing, rales, rhonchi, cough, bradycardia (<100
beats/min) or tachycardia (>170 beats/min), new onset of
purulent sputum, change in character of sputum, increased
respiratory secretions, increased suctioning requirements,
leukopenia (<4,000 WBC/mm?), leukocytosis (>15,000 WBC/
mm?), left shift (>10% band), more than ten leucocytes in Gram-
stain of tracheal aspirate (in high power field), positive culture
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from endotracheal aspirate or radiologically new, persistent or
progressive infiltrate [10].

Methods
Case selection method

As we selected neonates from 2 large university referral
hospitals, we see very large numbers of neonates who met
inclusion criteria but we intended to select only 120 neonates
(40 for each group) to be included in our study who for proper
comparison using statistical analysis.

All neonates in this study were subjected to

1. History taking (personal data, perinatal history, present
history, and duration of hospital stay)and clinical
examination (Gestational age estimation, Vital signs
including temperature, heart rate, and respiratory rate,
pulse oximetry and signs of respiratory distress).

2. Data collection about MV: Chronological age at start
of MV, duration of MV, number of re-intubations,
ventilator modes, settings including peak inspiratory
pressure (PIP), positive end expiratory pressure
(PEEP), fraction of inspired oxygen (FIO,), feeding on
MV whether nasogastric tubal feeding NGT or total
parenteral nutrition (TPN), insertion of umbilical vein
catheter (UVC).

3. Investigations: This was done at the time of initiation of
MYV and repeated when VAP was suspected.

3a) Laboratory:

*  Complete blood count (CBC) especially Total Leucocytic
Count (T.L.C), Differential Leucocytic Count (D.L.C),
band forms of white blood cells and immature to total
leucocytic count).

*  C-reactive protein (CRP).
* Arterial blood gases (ABG).
* Blood culture and sensitivity.

* Non- bronchoscopic broncho alveolar lavage (NB-BAL)
culture and sensitivity.

Preparation for sampling for BAL culture:

1. If neonate was inter breathing or fighting on the
ventilator, sedation was required.

2. Pre-oxygenation by increasing FIO, just before procedure.

3. Positioning: Supine with the head turned 900 to the left
to ensure that the suction catheter can advance down
through trachea to enter the right main bronchus.

4. A complete clinical examination and chest radiograph
were performed one hour after completion of sampling.

BAL sample collection:

For 3.5 mm endotracheal tube(ETT), 8F sized end hole suction
catheter which was filled with sterile water and connected to
a low pressure suction device (6F sized catheter can be used
for 3 mm or smaller size ETT). The ETT was disconnected



from ventilator circuit (VC) and 0.5-1 ml sterile water was
directly injected in the tube via a sterile disposable syringe for
lavage. The suction catheter was then advanced immediately
into the ETT until 1cm beyond the tube tip, to suction back the
sterile water from the lower airways. The obtained fluid was
immediately sent to the clinical pathology and microbiology
laboratory of TUH.

BAL examination:

1. Macroscopic examination: The appearance, volume,
color, consistency and aspect.

2. Microscopic examination:
e The number of white blood cells was estimated.

* A film stained with Leishman stain was done to
determine the predominant type of cells.

* Another film stained with Gram stain was done to
determine the presence of organisms.

3. The specimen was then centrifuged and pellet was
inoculated on:

* A blood agar plate (sheep RBCs 5-10%) incubated for
48 hours at 37°C under anaerobic conditions.

* Chocolate agar plate incubated for 48 hours at 37°C in
CO, enriched atmosphere.

* Mac Conkey agar plate incubated for 48 hours at 37°C
under aerobic condition.
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4. The species and strain of bacteria were identified and the
most effective antibiotic drugs at inhibiting their growth
were determined.

3b) Chest radiography (Plan X-ray anterposterior and
lateral views): On admission and repeated as required.

Statistical Analysis

The collected data were tabulated and analyzed using SPSS
version 20. Categorical data were presented as number and
percentages while quantitative data were expressed as mean
+ standard deviation and range. Chi square test (X2), Fisher's
exact test (F) and Receiver Operating Characteristic (ROC)
curve. The accepted level of significance in this work was stated
at 0.05 [11]. P value >0.05 is non-significant (NS). P<0.05 is
significant (S). P < 0.001 is highly significant (HS).

Results

Table 1 summarized demographic and laboratory data of studied
patients and controls. Table 2 compare between studied groups
as regarding the need for resuscitation measures at birth. Table
3 compared between different studied groups as regarding
diagnosis at admission. Table 4 compared between studied
patients as regarding risk factor for VAP. There is significant
increase in duration on mechanical ventilation in late full term
when compared to early full term subgroups (p<0.05). Respiratory
acidosis was the commonest finding in preterm group, while
metabolic acidosis was the commonest finding in full term
group (P<0.05). Mortality rate was higher in early onset VAP
in preterm group (13.3%) than in other patient groups (6.7%).

Table 1. Demographic and laboratory data of studied patients and controls.

i i Group | Group Il Group llI Statistical test
Demographic variable
Pre term (VAP) Full term (VAP) Control (Non VAP) X2/F P-value
34 28 14
Male
% 56.70% 46.70% 46.70%
Sex 0.8 0.67
N 26 32 16
Female
% 43.30% 53.30% 53.30%
N 24 30 12
NVD
. % 40.00% 50.00% 40.00%
Mode of delivery 0.814 0.665
cs N 36 30 18
% 60.00% 50.00% 60.00%
i Range 1.15-2.50 2.85-4.50 1.60 — 4.20
Weight (kg) 71.7 0.001*
Mean +SD 1.64 £0.37 3.38+0.39 2.98+0.87
i Range 31-36 37-39 33-40
Gestational Age (weeks) 82.417 0.001*
Mean +SD 33.43+1.55 38.0+0.64 36.57 +1.77
NVD (normal vaginal delivery), C.S (caesarean section)
Table 2. Comparison between studied groups as regarding the need for resuscitation measures at birth.
o i Group | Group Il
Resuscitation measures at birth Control X2 P-value
Early onset VAP = Late onset VAP = Early onset VAP = Late onset VAP
N 15 14 15 14 20
02 16.154 0.003*
% 100.00% 93.30% 100.00% 93.30% 66.70%
. . . 15 13 14 10 4
Tactile stimulation 49.727 0.001*
% 100.00% 86.70% 93.30% 66.70% 13.30%
N 12 8 12 6 0
Bag and mask 40.263 0.001*
% 80.00% 53.30% 80.00% 40.00% 0.00%
N 9 6 5 6 0
IPPV 21.202 0.001*
% 60.00% 40.00% 33.30% 40.00% 0.00%

N.B: O2 (oxygen), IPPV (intermittent positive pressure ventilation). X2=Chi-square
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Table 3. Comparison between studied groups as regarding diagnosis at admission.

Group | Group Il

Cause of admission

Early Preterm | Late Preterm | Early Full-term  Late Full-term

RDS No(%) 16(53.3%) 24(80%) 0(0%)
CHD No(%) 4(13.3%) 2(6.7%) 12(40%)
IDM No(%) 0(0%) 0(0%) 4(13.3%)
TTN No(%) 0(0%) 0(0%) 2(6.7%)
HIE No(%) 0(0%) 0(0%) 4(13.3%)
Diaphragmatic hernia| No(%) 0(0%) 2(6.7%) 2(6.7%)
Apnea of prematurity No(%) 6(20%) 2(6.7%) 0(0%)
Neonatal jaundice No(%) 0(0%) 0(0%) 0(0%)
Others No(%) 4(13.3%) 0(0%) 6(20.0%)
Total No(%) 30(100%) 30 (100%) 30 (100%)

Control Total Chi-square  P-value
0(0%) 0(0%) 40(26.7%)
6(20%) 1(3.3%) 25(16.7%)
4(13.3%) 4(13.3%) 12(8%)
2(6.7%) 11(36.7%) 15(10%)
10(33.3%) 0(0%) 14(9.3%)
128.3 0.001*
6(20%) 0(0%) 10(6.7%)
0(0%) 0(0%) 8(5.3%)
0(0%) 7(23.3%) 7(4.7%)
2(6.7%) 7(23.3%) 19(12.7%)
30 (100%) 30(100%) 150(100%)

Note: RDS (respiratory distress syndrome), CHD (congenital heart disease), IDM (infant of diabetic mother), TTN (transient tachypnea of newborn), HIE (hypoxic ischemic

encephalopathy).

Table 4. Comparison between studied patients as regarding risk factor for VAP.

Group |
Early onset Late onset VAP
VAP
Chronological age at time Range 0-9 0-4
of starting mechanical N
ventilation(days) Mean +SD 1.40+2.53 0.60 + 1.29
. i Range 1-5 3-5
Re-intubations
Mean +SD 2.87+1.06 3.53+0.64
Duration on ventilation Range 5-19 9-17
(Days) Mean*SD = 11.33+420 1247 +219
. NGT 14(46.7%) 18(60%)
Feeding : No(%)
TPN 16(53.3%) 12(40%)
Positive 14(46.7%) 8(26.7%)
UVC:No(%) -
Negative 16(53.3%) 22(73.3%)
SIMV + PSV 10(33.3%) 10(33.3%)
L AlC 12(40%) 14(46.7%)
Mode of ventilation
IMV 6(20%) 6(20%)
PCV 2(6.7%) 0(0%)
Range 35-80 40 -80
FlO2
Mean+SD | 57.67 £+11.93  60.67 £9.79
) Range 13-23 17 -26
Ventlatory settings PIP
Mean * SD 18.73 £ 2.60 20.13+2.13
Range 5-6 5-5
PEEP
Mean * SD 5.07 +0.26 5.0%0.0
Metabolic acidosis 6(20%) 0(0%)
Respiratory acidosis |  22(73.3%) 26(86.7%)
ABG: NO(%) . :
Metabolic alkalosis 2(6.7%) 2(6.7%)
Respiratory alkalosis 0(0%) 2(6.7%)
. Discharge 26(86.7%) 28(93.3%)
Prognosis:No(%)
Death 4(13.3%) 2(6.7%)
Right Lung 6(20%) 10(33.3%)
pneumonia
o sndi . o,
Xeray findings: No(%) | oft L ung pneumonia  8(26.7%) 4(13.3%)

Bilateral pneumonia

16(53.3%)

16(53.3%)

Group I T test
X2/F test P value
Early onset | .te onset VAP P1 P2
VAP
0-8 0-8
1.521 0.219 0.38 0.509
1.87 +2.64 2.47 £3.07
2-4 2-6
2.297 0.087 0.062 0.187
3.27 £ 0.59 3.73+1.33
6-13 7-33
2.554 0.065 0.47 0.012*
10478 +1.68 = 14.53+6.89
8(26.7%) 18(60%) X2=
0.215 - -
22(73.3%) 12(40%) 4.472
18(60%) 8(26.7%) X2=
0.172 - -
12(40%) 22(73.3%) 5.001
10(33.3%) 4(13.3%)
12(40%) 18(60%)
3.445 0.944 1 0.818
6(20%) 6(20%)
2(6.7%) 2(6.7%)
35-80 30 - 100 0.171 0.915 0.595 0.636
60.67 +16.89 = 58.0  20.51
14-29 14-26
2.126 0.107 0.255 0.663
21.60 + 4.21 21.07 £3.94
5-6 5-6
0.691 0.561 0.474 0.472
5.07 + 0.26 5.13+0.35
10(33.3%) 14(46.7%)
8(26.7% 8(26.7% =
(26.7%) (26.7%) X2 0.016* 0.051 0.006*
6(20%) 4(13.3%) 20.288
6(20%) 4(13.3%)
28(93.3% 28(93.3% =
(93.3%) (93.3%) X2 0.463 3
2(6.7%) 2(6.7%) 3.601
12(40%) 8(26.7%)
x2= 0.564 - -
2(6.7%) 10(33.3%) 4.84 :
16(53.3%) 12(40%)

Note: NGT (nasogastric tube), TPN (total parenteral nutrition), UVC (umbilical venous catheter), FIO2 (fraction of inspired oxygen), PIP (peak inspiratory pressure), PEEP
(positive end expiratory pressure), ABG (arterial blood gases), X2=Chi-square
P value: probability between preterm and full term groups, P1 value: probability between early and late preterm subgroups, P2 value: probability between early and late

full-term subgroups.

Table 5 summarized laboratory data of studied groups. There
is significant decrease in I/T ratio in PT group than FT group
than controls (P<0.05). Table 6 and Figure 1 compared between
studied patients as regard causative organism according to blood
culture. 75% of patients in studied groups showed negative blood
culture. The commonest organism detected in blood culture in
early onset VAP in preterm subgroups was E. coli and S. aureus
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(13.3%). Table 7 and Figure 2 compared between studied patients
as regard sensitivity of blood culture to antibiotics showing that
E. coli is most sensitive to Meropenam (75%), Pseudomonas to
Meropenam also (100%), Klebsiella pneumonie to Amikacin,
Meropenam and Levofloxacin (33.3%), Staphylococcus aureus
to vancomycin (80%), Streptocoocus viridans is to azithromycin
(100%). Table 8 and Figure 3 compared between studied patients
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Table 5. Laboratory data of studied groups.

Group | Group Il T test
Control F test P value
Early Preterm | Late Preterm | Early Full-term | Late Full-term P1 P2
Range 2-40 2-32 2-25 3-27 4-15
TLC 2117 0.086 0.808 0.104
Mean #SD | 11.93 +10.14 | 12.67 +10.53 10.87 £ 8.72 15.80 £ 10.06 = 8.52+3.07
i Range 0.02 -0.20 0.01-0.40 0.01-0.30 0.02-0.40 0.01-0.09
IIT ratio 3.943 0.006* 0.48 0.303
Mean +SD | 0.089 + 0.056 0.11+0.13 0.12+0.11 0.16 £0.14 | 0.049 + 0.026
Range 25-61 31-58 31-53 30-58 26 — 50
HCT 9.307 0.001* 0.004* 0.24
Mean *SD 37.0+8.95 4540+ 7.85 42.40+7.14 4573 +7.67 | 34.03+7.28
Range 6 —96 6-48 6 - 96 6-48 -
CRP 0.562 0.642 0.306 0.478
Mean #SD | 34.0+28.66 | 25.60+17.49 | 30.80 +23.44 25.0 £17.49 -
P value: probability between preterm and full term groups.
P1 value: probability between early and late preterm subgroups.
P2 value: probability between early and late full-term subgroups.
TLC (Total leucocytic count), IT ratio (immature/total neutrophil ratio) HCT (hematocrit value), CRP(C - reactive protein).
Table 6. Comparison between studied patients as regarding bacteriological results of blood culture (causative organism).
Group | Group I
Blood culture results (causative organism) Total
Early Preterm Late Preterm Early Fullterm Late Fullterm
N 20 26 22 22 90
Negative
% 66.70% 86.70% 73.30% 73.30% 75%
N 4 0 0 4 8
E.coli
% 13.30% 0.00% 0.00% 13.30% 6.70%
N 2 0 0 0 2
Pseudomonas
% 6.70% 0.00% 0.00% 0.00% 1.70%
N 0 2 2 2 6
Klebsiellapneumonie
% 0.00% 6.70% 6.70% 6.70% 5.00%
N 5 2 2 2 10
S. aureus
% 13.30% 6.70% 6.70% 6.70% 8.30%
N 0 0 4 0 4
S viridans
% 0.00% 0.00% 13.30% 0.00% 3.30%
N 30 30 30 30 120
Total
% 100.00% 100.00% 100.00% 100.00% 100.00%
i X2 5.022
Chi-square
P-value 0.45
. ok .
— a P

Figure 1. Distribution of causative organisms among studied patients according to blood culture results.

regarding causative organism by BAL culture. The commonest
organism detected in NB-BAL culture in early and late onset
VAP in preterm subgroups was Klebsiella pneumonie (40%).
Table 9 and Figure 4 compared between studied patients as
regard causative organism by BAL culture showing that E. coli
is most sensitive to ciprofloxacin (42.9%), Pseudomonas to
tazobactam (42.9%), Klebsiella pneumonie to gentamycin (45%),
Staphylococcus aureus to vancomycin (57.1%), Enterobacter

gergoviae to amikacin (42.9%) and gentamycin (42.9%),
Streptocoocus viridans to azithromycin (100%) and Klebsiella
ozaenae to gentamycin (100%). Tables 10 and 11 summarized
relation of data of mechanical ventilation to causative organisms
of VAP by BAL culture in studied preterm and full term group
and Table 12 summarized adjusted odds ratio of the studied
patients. There is no significant relation between number of re-
intubation, mechanical ventilator duration, modes or settings
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Table 7. Comparison between studied patients as regarding bacteriological results of blood culture (sensitivity to antibiotics).

Blo_o_d ¢ ulture rfes.ult's Negative E. coli Pseudomonas Klebsiella pneumonie S. aureus S. viridans Total
(sensitivity to antibiotics)
i N 90 0 0 0 0 0 905
Negative
% 100.00% 0.00% 0.00% 0.00% 0.00% 0.00% 75%
L N 0 0 0 2 0 0 2
amikacin
% 0.00% 0.00% 0.00% 33.30% 0.00% 0.00% 1.70%
i N 0 2 0 0 2 0 4
Gentamycin
% 0.00% 25.00% 0.00% 0.00% 20.00% 0.00% 3.30%
N 0 6 2 2 0 0 10
Meropenem
% 0.00% 75.00% 100.00% 33.30% 0.00% 0.00% 8.30%
. . N 0 0 0 0 0 4 4
Azithromycin
% 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% 3.30%
. N 0 0 0 0 8 0 8
Vancomycin
% 0.00% 0.00% 0.00% 0.00% 80.00% 0.00% 6.70%
. N 0 0 0 2 0 0 2
Levofloxacin
% 0.00% 0.00% 0.00% 33.30% 0.00% 0.00% 1.70%
Total N 90 8 2 6 10 4 120
% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
) X2 204.5
Chi-square
P-value 0.001*
Organism —
%

Ear._Preterm Late.Preterm Ear. Fuliterm Late. Fullterm

Groupl Groupll

Figure 2. Distribution of causative organisms among studied patients according to BAL culture results.

Table 8. Comparison between studied patients as regarding bacteriological results of BAL culture (causative organism).

i ) Group | Group Il
(BAL results) causative organism Total
Early Preterm Late Preterm Early Full-term Late Full-term
N 10 0 2 2 14
E. coli
% 33.30% 0.00% 6.70% 6.70% 11.70%
N 2 8 8 10 28
Pseudomonas
% 6.70% 26.70% 26.70% 33.30% 23.30%
N 12 12 6 10 40
Klebsiella pneumonie
% 40.00% 40.00% 20.00% 33.30% 33.30%
N 4 6 4 0 14
Staphylococcus aureus
% 13.30% 20.00% 13.30% 0.00% 11.70%
N 2 2 8 2 14
Enterobacter gergoviae
% 6.70% 6.70% 26.70% 6.70% 11.70%
- N 0 2 2 4 8
Streptococcus viridans
% 0.00% 6.70% 6.70% 13.30% 6.70%
N 0 0 0 2 2
klebsiellaozaenae
% 0.00% 0.00% 0.00% 6.70% 1.70%
N 30 30 30 30 120
Total
% 100% 100% 100% 100% 100%
X2 128.3
Chi-square
P-value 0.001*
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Figure 3. Distributions of antibiotics sensitivity of causative organisms detected by BAL culture of the studied patients.

Table 9. Comparison between studied patients as regarding bacteriological results of BAL culture (sensitivity to antibiotics).

(BAL result_s)_se_nsmwty to E. coli Pseudomonas Klebsiellapneumonie S. aureus | E. Gergoviae | S. viridans Klebsiella Total
antibiotics ozaenae
o N 0 2 12 4 6 0 0 24
Amikacin
% 0.00% 7.10% 30.00% 28.60% 42.90% 0.00% 0.00% 20.00%
. . N 6 0 0 0 0 0 0 6
Ciprofloxacin
% 42.90% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 5.00%
i N 4 0 18 2 6 0 2 32
Gentamycin
% 28.60% 0.00% 45.00% 14.30% 42.90% 0.00% 100.00% 26.70%
N 4 8 10 0 0 0 0 22
Meropenem
% 28.60% 28.60% 25.00% 0.00% 0.00% 0.00% 0.00% 18.30%
i . N 0 0 0 0 0 8 0 8
Azithromycin
% 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% 0.00% 6.70%
i N 0 0 0 8 0 0 0 8
Vancomycin
% 0.00% 0.00% 0.00% 57.10% 0.00% 0.00% 0.00% 6.70%
N 0 12 0 0 0 0 0 12
Tazobactam
% 0.00% 42.90% 0.00% 0.00% 0.00% 0.00% 0.00% 10.00%
. N 0 6 0 0 2 0 0 8
Imipenem
% 0.00% 21.40% 0.00% 0.00% 14.30% 0.00% 0.00% 6.70%
Total N 14 28 40 14 14 8 2 120
ota
% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
X2 158.749
Chi-square
P-value 0.001*

and causative organisms of VAP in studied preterm or full-term
group (P>0.05). Table 13 and Figures 5 and 6 compared validity
of BAL culture to that of blood culture for diagnosis of VAP in
the studied patients groups and reported that NB-BAL culture
in preterm studied group has higher sensitivity (75% vs. 46%)
and specificity (71% vs. 57%) than blood culture and reported
that NB-BAL culture in full-term studied group also has higher
sensitivity (80% vs. 53%) and specificity (72% vs. 55%).

Discussion

Unfortunately MV is associated with a substantial risk of VAP
with high mortality rate [12-14]. The etiological diagnosis of
VAP is more valuable than clinical and radiological diagnosis
for accurate management. Hence, defining the infective
organism helps modifying the initial antibiotics according
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to the culture and sensitivity tests and so preventing the
emergence of resistant strains. Subsequently, the duration
of ventilation, length of NICU stay and hospital expenses
are markedly decreased. Non Bronchoscopic Broncho
alveolar lavage (NB-BAL) is used in neonates as it is a safe
with few adverse effects [15]. Our study was in agreement
with previously published demographic data for VAP. For
examples, Afjeh et al. who reported no difference regarding
gender in neonates who developed VAP [16], Tripathi
et al. who reported that there is no statistical significant
association between VAP and mode of delivery [17], Zhu
et al. who found an inverse relation between weight and
liability to VAP [18] and Petadachai and Foglia et al. who
reported that VAP incidence rates had significantly increased
with decreasing gestational age [19,20].
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Figure 4. Distributions of antibiotics sensitivity of causative organisms detected by blood culture of the studied patients.

In our study, there is significance increase in need of resuscitation
at birth in patients when compared to controls and this disagree
with Tripathi et al. who reported that no relation between
resuscitation at birth and VAP [17].

The most common diagnosis at diagnosis in our study was
respiratory distress syndrome in preterm group (early onset
VAP 53.3%, late onset VAP 80%), congenital heart disease
in full-term group diagnosed as early onset VAP (40%),
hypoxic ischemic encephalopathy (33.3%) in full-term group
diagnosed as late onset VAP and transient tachypnea of
newborn in control group without VAP and this agrees with
other investigators [21].

In our study, there is no significant differences between studied
groups as regarding postnatal age at time of starting mechanical
ventilation and this agree with Yuan et al. who reported that no
relation between postnatal age of starting mechanical ventilation
and development of VAP [22].

In our study, there is no significant differences between preterm
and full term studied group as regarding feeding type (either
enteral feeding by nasogastric tube (NGT) or total parenteral
nutrition (TPN). This result is not in accordance with Marc
et al. who reported that parenteral nutrition is associated with
higher risks of developing intravascular device associated
infections, complications of line insertion, higher costs, and loss
of intestinal villous architecture, which may facilitate microbial
translocation [23]. Our study disagreed also with Garcia, who
reported that enteral nutrition given by nasogastric tube is also
associated with increased risk of VAP [24].

On the other hand, Marc et al. advised to feed critically ill patients
enterally as early as possible for many benefits without hazards of
risk for VAP and this agree with our study as regarding patients
who received enteral feeding given by NGT [23].

In our study, there is no significant differences between studied
patients as regarding application of umbilical venous catheter
(UVC) as invasive maneuver and this result disagrees with Van

J Trauma Crit Care 2017 Volume 1 Issue 2

der kooi et al. who reported that the placement of umbilical
venous catheter was the major risk for acquiring VAP in their
studied patients as they are considered an important source of
blood stream infection [25].

Our results agree with Apisarnthanarak et al. who reported that
the presence of (UVC) may be just a marker for the severity of
illness and not risk factor for VAP [26].

In our study, there is significant increase in duration on
mechanical ventilation in late onset VAP in FT group when
compared to early onset group. These results are near the result
of Tripathi et al. [17]. This result may be explained by the fact
that VAP leads to difficult extubation and increase period of
ventilation with increased risk of recurrence due to increases
the risk of infection secondary to the exposure to humidifiers,
nebulizers and ventilator circuits that are proven to be important
source and medium for microorganisms [26].

In our study, there is no significant differences between all
studied patients diagnosed as VAP as regarding number of re-
intubation and this disagree with Tripathi et al. and Yuan et al.
who reported increased risk of VAP with increased frequency of
re-intubation and endotracheal suctioning [17,22].

In our study, there are no significant differences between all
studied patients diagnosed as VAP and mode of mechanical
ventilation and this agree with Claure and Bancalari, who
report that no direct relation between acquired nosocomial
pneumonia and mode of ventilator [27]. They also reported
that new modes of mechanical ventilation facilitated weaning
and led to shorter duration on mechanical ventilation and so
decrease risk of VAP (indirect relation between VAP and new
mode of ventilation) [27].

In our study, there no significant differences between all studied
patients diagnosed as VAP as regarding ventilator settings
(P>0.05) and this agree with Courtney et al, who reported
no direct relation between ventilator settings and nosocomial
acquired pneumonia in preterm and full-term neonates
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Table 10. Relation of data of mechanical ventilation to causative organism of VAP (BAL culture) in studied preterm group.

Duration of E. coli Pseudomonas Klebsiellapneumonie S. aureus E. gergoviae S viridans
ventilation Early Late Early Late Early Late Early Late Early Late Early Late
Range 5-15 - 16 - 16 10-14 6-19 9-17 7-10 13-15 10-10 13-13 - 12-12
Mean * SD 10.2+4.87 - 16.0+0.0 11.5+1.91 12.67 +4.27 1217 £2.79 8.50+2.12 1‘2'::?;: 10+0.0 13+0.0 - 12+0.0
early 0.744
F test
late 0.725
early 0.854
P value
late 0.594
ETT E. coli Pseudomonas Klebsiella pneumonie S. aureus E. gergoviae S viridans
reintubations Early Late Early Late Early Late Early Late Early Late Early Late
Range 1-4 - 4-4 3-4 2-5 3-5 2-3 3-4 2-2 4-4 - 4-4
Mean £ SD 2.60+1.14 - 4.0+00 350+0.58 3.17+1.17 | 3.50+0.84 |2.50+0.71 3635?; 2+0.0 4+0.0 - 4+0.0
early 0.638
F test
late 0.274
early 0.647
P value
late 0.888
PIP E. coli Pseudomonas Klebsiellapneumonie S. aureus E. gergoviae S viridans
Early Late Early Late Early Late Early Late Early Late Early Late
Range 18-23 22-22 18-22 13-19 19-21 17-20 17 -26 22-22 19-19 19-19
Mean + SD 19.8 £2.17 22.0+0.0 20+1.83 | 16.83+2.13 20.33+1.03 12‘?2* 23‘3731' 22+0.0 19+0.0 19+0.0
early 2.645
F test
late 0.156
early 0.097
P value
late 0.956
Ventilator E. coli Pseudomonas Klebsiellapneumonie S. aureus E. gergoviae Strept. viridans
modes Early Late Early Late Early Late Early Late Early Late Early Late
SIMV + N 4 2 4 2 2 0 0 2 2 2
PSV %  40.00% 20.00% = 40.00% 20.00% 20.00% 0.00% 0.00% | 20.00% | 20.00% 20.00%
I 4 0 4 6 6 1 4 0 0 0
% 33.30% 0.00% | 28.60% 50.00% 42.90% 16.70% 28.60% 0.00% 0.00% 0.00%
MV N 2 0 0 2 4 2 2 0 0 0
% 33.30% 0.00% 0.00% 33.30% 66.70% 33.30% 33.30% 0.00% 0.00% 0.00%
N 0 0 2 0 0
PCV
% 0.00% 0.00% 100.00% 0.00% 0.00%
Total N 10 2 8 12 12 4 6 2 2 2
otal
% 33.30% 6.70% | 26.70% 40.00% 40.00% 13.30% 20.00% 6.70% 6.70% 6.70%
7.733
X2 early
0.806
7.714
P-value late
0.462

P value (early) probability between causative organisms in early onset VAP
P value (late) probability between causative organisms in early onset VAP

diagnosed as VAP and reported that VAP leads to increasing in
ventilator settings with difficulty extubation and this agree with
our study where the means of different parameters of ventilator
settings used in our study were high [28].

As regarding arterial blood gases at initiation of ventilation,
there is significant difference in acid base state between
preterm group diagnosed as VAP and full term group
diagnosed as VAP and this can be explained by various and
different pathology at time of ventilation and this agree with
Deorari and Paul [29].

By analysis of ABG between all groups in our study, we noticed
that the respiratory acidosis is the predominate in early and
late onset VAP in preterm groups and this agree with common
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pathology at admission which was RDS which lead to worsening
of ventilation and this agree with Bozaykut A et al. [30].

The majority in early and late onset VAP in full term group is
metabolic acidosis and this agree with common pathology at
admission which was CHD and HIE and this also agree with
Bozaykut A et al. [30].

The cause of low mortality rate in our study (5.6% of studied
patients) was due to defining infective organism causing VAP
which improve prognosis and decrease mortality rate and
this previously reported by Kksal et al. who had results in
accordance with our results [15]. This disagrees with Hentschel
et al. who found mortality rate in their study ranged from 20-
70%. This may be due to different facilities and environmental
circumstances [31].
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Table 11. Relation of data of mechanical ventilation to causative organism of VAP (BAL culture) in studied full term group.

Duration of E.coli Pseudomonas Klebsiellapneumonie S aureus E gergoviae S viridans Klebsiella ozaenae
ventilation Early Late Early late Early Late Early Late Early Late | Early Late @ Early Late
Range 9-9 9-9 10-13 | 7-20 10-12 8-21 10-12 10-10 7-7 12-12 13-33 17 -17
Mean+SD  9%00 9£00 | 11'.5221 11'571 1?%" 13.60 £ 5.68 1.14;‘ 9£20 7£00 12%0.0 12‘31"4 17£0.0
Early 1.501
F test
Late 1.026
Early 0.281
P value
Late 0.457
Number of E.coli Pseudomonas Klebsiella pneumonie S aureus E gergoviae S viridans Klebsiella ozaenae
e?rc‘it?jtbr:::ir;ial Early Late Early Late Early Late Early Late Early Late Early Late Early Late
Range 3-3 3-3 3-4 2-5 3-4 2-6 3-4 2-3 2-2 4-4 4-6 5-5
MeantSD  30%0 3x0 oo 300E  333% 440445 O00% 275£05 2200 430 5%1.41 510
F test Early 1.245
Late 0.937
Early 0.365
P value
Late 0.501
PIP E.coli Pseudomonas Klebsiellapneumonie S aureus E gergoviae S viridans klebsiellaozaenae
Early Late Early Late Early Late Early Late Early Late Early Late Early Late
Range 17-17 | 24-24 | 21-26  14-26  16-24 19-24 21-21 14-27 18-18 29-29 17-22 15-15
Mean + SD 12‘_%* 24£0.0 22‘_%531 251."?91 21£436 222192 2100 20£5.48 18+0.0 29+0.0 1??.'5541 15£0.0
F test Early 1.196
Late 0.837
P value Early 0.383
Late 0.556
Ventilator E.coli Pseudomonas Klebsiellapneumonie S aureus E gergoviae S viridans klebsiellaozaenae
modes Early Late Early Late Early Late Early | Late Early Late Early Late Early Late
SIMV + N 0 0 2 2 2 0 2 2 0 2 2 0
PSV % 0.00% | 0.00% 20% 50% 20% 0.00% 20% 20% 0.00% | 20% 50% 0.00%
AlC N 0 2 6 4 4 8 2 0 0 0 2 2
% 0.00% | 11.10% 50.00% 22.20% | 33.30% 44.40% 16.70% 0.00% 0.00% | 0.00%  11.10% 11.10%
MV N 2 0 0 2 0 2 0 4 2 0 0 0
% 33.30% @ 0.00% | 0.00% @ 33.30% 0.00% 33.30% 0.00% 66.70% | 33.30% | 0.00% | 0.00% 0.00%
peV N 0 0 0 2 0 0 0 2 0 0 0 0
% 0.00% | 0.00% | 0.00% | 100.00% | 0.00% 0.00% 0.00% 100.00% @ 0.00% | 0.00% | 0.00% 0.00%
Total N 2 2 8 10 6 10 4 8 2 2 4 2
% 6.70% = 6.70%  26.70% 33.30% | 20.00% 33.30% 13.30% 26.70% @ 6.70% 6.70% | 13.30% 6.70%
X2 Early 15.958
0.385
11.083
P-value Late
0.747
N.B: P value (early) probability between causative organisms in early onset VAP
P value (late) probability between causative organisms in early onset VAP
Table 12. Adjusted odds ratio of the studied patients.
Full term group 95.0% C.I. Pre term group 95.0% C.I.
Odds Ratio Lower Upper Sig Odds Ratio Lower Upper Sig
Cause of admission 36 0.012 4.584 0.95 1.169 0.436 3.139 0.756
TLC 0.385 0.12 12.541 0.951 1.389 0.739 2.612 0.308
Laboratory data IT. Ratio 0.478 0.024 84.527 0.948 12.735 0.001 8457.321 0.802
HCT 0.852 0.039 3.694 0.895 2.307 0.603 8.821 0.222
PH 0.941 0.147 32.854 0.93 6.44 0.001 49.447 0.167
ABG PCO2 1.025 0.087 12.25 0.967 1.268 0.638 2.517 0.498
HCO3 1.257 0.013 2.864 0.847 0.358 0.002 17.517 0.186
Table 13. Validity of non bronchoscopic bronchoalveolar (Non-BAL) lavage and blood culture for diagnosis of VAP in the studied patients groups.
Sensitivity Specificity PPV NPV
Non-BAL 75 71 65 68
Preterm group
Blood culture 46 57 51 64
full term group Non-BAL 80 72 7 70
Blood culture 53 55 50 63
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Figure 5. Receiver operating characteristics (ROC) curve of BAL and blood culture in the studied preterm group.
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Figure 6. Receiver operating characteristics (ROC) curve of BAL and blood culture in the studied full term group.

In our study, chest radiographs were diagnostic in (100%) of
the cases clinically diagnosed as VAP in the form of pneumonic
patches and this agree with Elward et al. [32]. In our study there
is no differences between studied groups diagnosed as VAP
as regarding which lobe show pneumonic patches by chest
radiographs and this agree with Saldanha et al. who reported that
any lobe or lobule of the lung can be affected by VAP and this
depended on virulence of the causative microorganisms, general
condition of the affected neonate and presence of underlying
lung pathology [33].

In our study, NB-BAL culture reported that gram negative
bacteria were isolated from the majority of babies (81.6%),
with Klebsiella predominating the positive culture (33.3%). On
the other hand gram positive infection comprised (18.4%) of
the total cultures with Staphylococcus aureus predominating
(11.7%). Our results was similar to Apisarnthanarak, and Zhu et
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al. who mentioned that there are predominance of gram negative
bacteria in their units [18,26].

In our study, there is no statistically significant difference in
total leucocytic count (TLC) and C-reactive protein (CRP) level
between studied VAP group and non VAP group and this agree
with Afify et al. and this can be explained by the fact that TLC
and CRP level can be affected by any infectious or inflammatory
focus and not specific for VAP [34]. On the other hand, Povoa
et al. mentioned that decreasing CRP level precede clinical
improvement, whereas, conversely, failure of CRP level to fall
suggests infectious complication, ineffective or inappropriate
treatment [35].

In our study, there is statistically significant increase in
immature neutrophil/ total neutrophil ratio (I/T ratio) in patients
when compared to controls and this agrees with Garland, who
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considers I/T ratio more than 0.1 is one of criteria for diagnosis
of VAP and this near mean of I/T ratio in our study [36].

Regarding hematocrit in our study, there is significant increase
in preterm and full-term groups when compared with controls
and this was previously explained by Demetrian et al. who said
that the hematocrit is generally kept at higher than physiologic
values for ill neonate [37].

Regarding the blood culture in our study, three quarters of
studied neonates showed no growth, equal results between gram
negative (E. coli, Klebsiella pneumonie and Pseudomonas)
and gram positive (Staphylococcus aureus and Streptococcus
viridans ) organisms. This is not in agreement with Zhu et al.
and Yuan et al. who reported that gram negative bacilli was
the higher than gram positive coccus in their VAP patients
[18,22]. This can be explained by the fact that the distribution
of microorganisms differs from NICU to another according to
infection control facilities and also differs within the same place
from one period of time to another [38].

In our study, the most common organism detected in NB-
BAL culture in early and late onset VAP in preterm group
was Klebsiella pneumoie and this agree with Apisarnthanarak,
who reported the same organism [26]. On the other hand, the
most common organism detected in NB-BAL culture in early
and late onset VAP in full-term group was pseudomonas and
this agree with Petdachai et al. [19]. Culture results have
currently great benefits as they used to guide adjustment or
withdrawal of antibiotic therapy [36,39,40]. The results of
sensitivity of microorganism to antibiotics differs from unit
to another according to various factors mainly resistance of
microorganisms to antibiotics and degree of application of
aseptic measures so it is difficult to compare results in our
study with other researches in different communities [39].
Sensitivity of microorganisms by BAL culture to antibiotic in
our study differ from that of blood culture which agreed with
Zhu et al., that reported that none of the studied neonates who
developed VAP had the same organism that causes their blood
stream infection [18]. However this disagrees with Bozaykut
et al., who reported that pathogens isolated from blood were
comparable with the organisms isolated from the endotracheal
aspirate [30].

In our study, there is no relation between data of mechanical
ventilation and causative organisms and this agree with
Courtney et al. and Claure and Bancalari, who attributed these
results to presence of other important risk factors for VAP such
as improper infection control strategies [27,28].

In our study, we concluded that BAL culture in both preterm
and full term neonates has higher sensitivity and specificity
when compared to blood culture. Our results are near the results
of Burmester and Mok [41] and with Grossman and Fein [42].

Conclusion

VAP was common in both preterm and full term Egyptian
neonates. Prolonged duration on mechanical ventilation was the
commonest risk factor. BAL culture was positive in 100% of
studied patients while blood culture was positive only in 25%
of them with no significant similarity between the causative
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organisms in blood and BAL culture where the commonest
isolated organism from BAL culture was Klebsiella pneumonie
which was highly sensitive to gentamycin. BAL culture was
more sensitive and specific than blood culture in diagnosis of
neonatal VAP in both preterm and full term neonates. BAL
culture helped early adequate diagnosis thus providing a better
outcome of VAP. Mortality rate was higher in early onset
preterm neonates than in other subgroups.

Recommendation

In mechanically ventilated neonates (especially preterm), we
recommend strict application of infection control program,
avoidance of unnecessary endotracheal intubations and
reduction of duration on MV in NICU to help prevention of
VAP. BAL culture should be taken without delay once VAP is
suspected. Routine empirical fixed antibiotic are inadvisable.
If culture results are pending, the choice of early appropriate
antimicrobial agents should depends on local prevalence of
the pathogenic agents, antimicrobial resistance patterns, and
patient specific factors. Empirical antibiotic should be selected
from a different class than antibiotics that neonates have
recently received with judicious use of combination therapy.
Empirical antibiotics should be de-escalated to specific
antimicrobial therapy according to BAL culture results.
Discontinuation of antibiotics is recommended if VAP is no
longer suspected.
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