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Abstract

Background
To investigate the e�cacy of surveillance culture for the rapid detection of pathogens associated with
ventilator-associated pneumonia (VAP) in neonates.

Methods
A retrospective study was conducted on all patients with VAP in the neonatal intensive care unit. Whether
causative bacteria on the culture of tracheal aspirates obtained at the onset of VAP matched with those
on Gram staining and weekly surveillance culture was investigated.

Result
The concordance rate between surveillance culture using samples collected 4–10 days before VAP and
causative bacteria was 53%. When Gram staining was performed at the onset of VAP, the concordance
rate signi�cantly increased to 86% (p = 0.022).

Conclusions
The concurrent use of surveillance culture and Gram staining for the detection of causative bacteria may
be effective in determining initial treatment among neonates with VAP.

Background
Ventilator-associated pneumonia (VAP) is a common healthcare-related infection in the neonatal
intensive care unit (NICU). Moreover, it is associated with worsening symptoms, increased use of
antibiotics, high hospitalization cost, long stay in the NICU, and high rate of mortality [1]. In adults,
surveillance culture of endotracheal aspirate can identify causative bacteria [2]; however, the use of this
method in neonates has not been reported.

Our previous study showed that Gram staining had a high accuracy in diagnosing VAP [3]. However, it
cannot always identify causative pathogens, thereby posing challenges in selecting an appropriate
antibiotic therapy. Thus, the current study aimed to investigate the e�cacy of surveillance culture for the
rapid detection of pathogens correlated with VAP. We hypothesized that the combined use of surveillance
culture and Gram staining is effective in identifying the causative pathogens of VAP.

Methods
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Setting and Patients
We retrospectively reviewed cases of VAP that developed in the NICU of Takatsuki General Hospital
(Osaka, Japan) between July 2013 and May 2015. This institution has a level III NICU, with a 21-bed
capacity. In total, there were 34 VAP cases among 23 neonates. All these cases were included in the
analysis.

Sputum studies
VAP was diagnosed according to the criteria reported in 2009, which was based on Gram staining of
tracheal aspirates and clinical symptoms (Katayama et al. 2009) [3]. Brie�y, VAP was de�ned as
healthcare-associated pneumonia that develops > 48 h after starting mechanical ventilation. Patients
were diagnosed with VAP when there was an increase in ventilator demand along with higher amounts of
endotracheal aspirates and when microorganisms and polymorphonuclear leukocytes were identi�ed on
gram-stained smears of aspirates. The diagnosis of VAP was con�rmed based on increased levels of
serum C-reactive protein, presence of intracellular bacteria on gram-stained smears, or both. The
etiological diagnosis of VAP was considered de�nitive when any microorganism was isolated from
tracheal aspirates at concentrations of ≥ 103 cfu mL− 1 [4]. To obtain a diagnosis, after performing Gram
staining using tracheal aspirates collected at the onset of VAP, we sent the tracheal aspirate samples to
the laboratory for the identi�cation of causative bacteria.

During the study period, surveillance culture of nasal cavity (NC) and tracheal aspirate (TA) samples was
performed weekly in all neonates who were on ventilator support. Nurses collected TA samples via
endotracheal aspiration, and these samples were placed in sterile containers (Nippon Sherwood Medical
Industries Ltd., Tokyo, Japan) using a closed aspiration system (Trach Care; Ballard Medical Products,
Draper, UT, the USA), and NC samples were cultured using a nasal sterile swab (Seed swabγ No. 2; Eiken
Chemical Co., Ltd., Tokyo, Japan). NC and TA samples collected 1–7 days before the onset of VAP were
referred as NC 1 wk and TA 1 wk, respectively, and those collected 8–14 days before the onset as NC 2
wks and TA 2 wks, respectively. The surveillance culture results were available 4 days after the collection
of samples at our hospital because the clinical reference can be identi�ed thereafter. Therefore, NC and
TA samples collected 4–10 days before the onset of VAP were referred as referable NC and TA,
respectively.

Statistical methods
The Statistical Package for the Social Sciences software (version 24; IBM-SPSS Inc., Armonk, NY) was
used for analysis. The Fisher’s exact test was utilized to compare concordance between surveillance
culture and causative bacteria. P values < .05 were statistically signi�cant. This study was approved by
the Ethics Committee of Takatsuki General Hospital. (Approval Number: 2016-51). Informed consent was
obtained from the patient’s parent.

Results
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All VAP cases occurred in neonates born earlier than 28 weeks (Table 1). The median age at VAP onset
was 29.5 (range: 9–73) days, and the median duration of endotracheal incubation until VAP onset was
29 (range: 3–69) days (Table 2).

Table 1
Characteristics of patients (n = 23)

Variables    

Gestational age, wk, median (range) 24 (22–28)

Birth weight, g, median (range) 608 (424–1058)

Male gender, n (%) 12 (52)

Vaginal delivery, n (%) 4 (17)

Inborn, n (%) 20 (87)

Antenatal corticosteroid, n (%) 18 (78)

Period of tracheal intubation, day, median (range) 58 (24–109)

CLD, n (%) 23 (100)

PDA, n (%) 16 (70)

NEC, n (%) 3 (13)

IVH, n (%) 2 (9)

PVL, n (%) 0 (0)

Death before discharge, n (%) 0 (0)

Table 2
Characteristics of VAP episodes (n = 34)

Variables    

Age of onset, day, median (range) 29.5 (9–73)

Period of tracheal intubation before onset, day, median (range) 29 (3–69)

Comparison of causative bacteria and surveillance culture
We initially compared the results of surveillance culture using TA samples collected at VAP onset
(causative bacteria) and those of surveillance culture using samples collected before VAP onset.
Surveillance culture was performed 1 and 2 weeks before VAP onset in 25 of 34 VAP cases (Fig. 1).
Results showed that the concordance rates between causative bacteria and NC 1 and 2 wks were 68%
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and 44%, respectively, and those between causative bacteria and TA 1 and 2 wks were 72% and 60%,
respectively (Table 3).

Table 3
Concordance rates between pathogenic bacteria and

surveillance culture

  Concordance Concordance rate (%)

Surveillance culture    

NC 1 wk 17/25 68

NC 2 wks 12/25 48

TA 1 wk 18/25 72

TA 2 wks 16/25 64

Concordance rates according the concurrent performance
of Gram staining
In 34 VAP cases, the concordance rate between referable TA and causative bacteria was 53% (Table 4).
The results from 21 referable TAs in 34 cases were consistent with those from TA samples collected at
the onset of VAP in terms of color (positive or negative) and shape (bacillus or coccus) (Fig. 1). The
referable TAs in 21 cases were subsequently compared with the causative bacteria. Results showed that
it had a signi�cantly high concordance rate at 86% (p = 0.022).

Table 4
Concordance rates between pathogenic bacteria and referable TA and/or Gram staining

  Concordance Concordance
rate (%)

p

Referable TA alone 19/34 56  

Gram staining 32/34 91  

Referable TA matched with Gram
staining

18/21 86 p = 0.022 vs. Referable TA
alone

NC 1 wk (2 wks): A nasal cavity collected 1–7 days (8–14 days) before the onset

TA 1 wk (2 wks): A tracheal aspiration collected 1–7 days (8–14 days) before the onset

Referable TA: The result of surveillance culture 4–10 days before the onset

Gram staining: A Gram staining of a tracheal aspiration collected at the onset

Assessment of causative bacteria that are challenging to
treat with commonly used antibiotics
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The characteristics of methicillin-resistant Staphylococcus aureus (MRSA) and Pseudomonas
aeruginosa, which are challenging to treat with commonly used antibiotics, are shown in Table 5. The two
causative bacteria and referable TA were compared. Results showed that the sensitivity and speci�city in
identifying these bacteria were 50% and 100%, respectively.

Table 5
Examination of pathogenic bacteria that is di�cult to treat with usual antibiotics

(MRSA or Pseudmonas aeruginosa)

    In tracheal aspiration collected at the onset

    Detected Not detected Total

In available TA Detected 7 0 7

Not detected 7 20 27

Total 14 20 34

Discussion
This study �rst showed the e�cacy of surveillance culture in detecting the causative bacteria of VAP in
neonates. In adult patients, surveillance culture is considered important [2]. In several studies on adult
VAP cases in the intensive care unit (ICU), surveillance culture of TA samples was found to be effective in
identifying causative bacteria, with a concordance rate of up to 35–85% [2], and the e�cacy of this
method is still investigated.

Michel et al. reported that the sensitivity of identifying causative bacteria using TA samples every 72–
96 h was 83% [5]. According to a systematic review by Brusselaer et al., the sensitivity and speci�city of
surveillance culture using lower respiratory tract specimens were 75% and 92%, respectively. Hence, it has
a high accuracy in assessing the causative bacteria of VAP [6]. Conversely, Carlos et al. compared two
groups receiving VAP treatment: one treated according to the results of surveillance culture using TA
samples and the other treated according to treatment guidelines [7]. The treatment e�cacy rates were
77.4% in the surveillance culture group and 97.9% in the guideline treatment group. These results showed
that whether surveillance culture is effective in evaluating the causative bacteria of adult VAP is
controversial. Ichikawa et al. have reported the e�cacy of surveillance culture for late-onset bacterial
infection among neonates [8]. However, of 23 episodes, only three involved pneumonia, and the e�ciency
of surveillance culture in VAP was unclear.

Based on the concordance rate of surveillance culture and causative bacteria in our study, when the
collection time of specimens was closer to the onset of VAP, the concordance rate was higher.
Furthermore, tracheal secretion was more likely to match with the causative bacteria than the NC culture.
However, neither of the two had signi�cant differences. Regarding the appropriate sample collection time,
Delclaux et al. have reported that in 16 of 24 VAP adult cases, the same causative bacteria produced
colony in tracheal tubes 2–6 days prior to the event [9]. Based on meta-analysis results of adult VAP
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cases, surveillance culture performed close to the onset of VAP had higher sensitivity and speci�city in
identifying the causative bacteria of VAP than surveillance culture performed earlier. Hence, when the
samples were collected close to the onset, the concordance rate might be higher [6]. However, Boots et al.
have shown that even surveillance culture using TA samples collected a day before the onset of VAP
could yield negative results; therefore, samples should be collected at the time of onset [10].

In our hospital, bacterial culture results are available 4 days after sample submission. The concordance
rate of clinically available TA from 4–10 days prior to the onset of VAP and the causative bacteria of VAP
was 56%. This indicates a high rate of failure in the evaluation of causative bacteria based on
surveillance culture alone. Katayama et al. have reported that Gram staining at the onset of VAP was
effective in identifying the causative bacteria of VAP in the NICU [3]. In our study, the concordance rate of
Gram staining and the causative bacteria was as high as 91%, thereby con�rming the e�cacy of the
additional use of Gram staining. Notably, Gram staining does not reveal the bacterial species, even if it is
positive or negative or a bacillus or coccus. Moreover, it cannot identify whether it is multidrug resistant.
Thus, concurrently performing surveillance culture and Gram staining can lead to a more precise
identi�cation of the causative bacteria. Therefore, we assessed the causative bacteria using combined
Gram staining and surveillance culture of TA collected on the day of VAP onset. We considered
surveillance culture as an indicator of causative bacteria identi�cation only if the color of the stained
bacteria (positive or negative) and the shape (bacillus or coccus) were similar those in the surveillance
culture collected 4–10 days prior to the onset of VAP. This shows the advantage of using an early
approach against drug-resistant bacteria.

In our hospital, MRSA and Pseudomonas aeruginosa were the drug-resistant causative bacteria of VAP.
Similarly, the sensitivity and speci�city of surveillance culture in VAP caused by MRSA in the adult ICU
were 70% and 92%, respectively. This result indicated that surveillance culture is effective [11]. If these
resistant bacteria are detected on surveillance culture, broad-spectrum antibiotics should be considered.

The current study had some limitations. First, the small sample size was small, and it had a retrospective
design. Second, the conditions of resistant bacteria could differ between facilities; therefore, data on
MRSA and Pseudomonas aeruginosa could be in�uenced by different conditions.

The concurrent use of surveillance culture and Gram staining may be effective in identifying causative
bacteria in VAP. However, prospective, randomized studies on the outcome of initial antibiotic therapy,
rather than broad-spectrum antibiotics, based on the result of both surveillance culture and Gram staining
should be conducted to provide more insight regarding the appropriate treatment for VAP in neonates.

Abbreviations
NICU, neonatal intensive care unit

VAP, ventilator-associated pneumonia
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NC, nasal cavity

TA, tracheal aspirate
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Figure 1

Ventilator-associated pneumonia episodes for each analysis


