
INTRODUCTION  AND  REVIEW  OF LITERATURE

Pneumonia is one of the most common nosocomial infections that 
include hospital-acquired pneumonia (HAP) as well as ventilator-associ-
ated pneumonia (VAP). These infections cause significant morbidity and 
mortality in hospitalized patients. Infectious Diseases Society of 
America (IDSA) and the American Thoracic Society (ATS) in 2016 
reported the incidence of pneumonia occurs between 5 to 10 cases per 
1000 hospital admissions with the incidence increased to 6 to 20-fold in 
mechanically ventilated patients (Kalil, Metersky, Klompas, 2016). In 
Malaysia, VAP incidence in ICU setting was previously reported to be 
approximately about 27% (Katherason, Naing, Jaalam, 2009). However, 
the incidence had decreased steadily over the past nine years. In 2016, 
according to Malaysian Registry of Intensive Care Report, the rate of 
VAP was 1.7 per 1000 ventilator days (range 0.0 - 9.8) (Ling, Har, Nor, 
2016).

Diagnosis of nosocomial pneumonia especially VAP is rather com-

plicated. IDSA/ATS suggested the use of non-invasive endotracheal 
aspirate sampling rather than invasive broncho-alveolar lavage (BAL) 
for sampling (Katherason et al., 2009). They also recommended for 
each institution to produce a local antibiogram of microorganisms iso-
lated from the respiratory tract of the patient admitted in ICU since the 
data was different among institutions. The variation could be explained 
by the intubation procedure and care as well as the clinical characteris-
tics of patients (Abdollahi, Shoar, Shoar, 2013). Some health institutions 
routinely send respiratory specimens, especially endotracheal secretion 
for culture. These surveillance cultures were done despite the absence of 
evidence for infection. Routine processing of large numbers of samples 
will increase the laboratory cost for additional reagents and manpower 
to run the tests. Furthermore, the value of routine surveillance culture as 
a tool for the identification of causative agents of subsequent nosocomi-
al infection has never been proven (Yagmurdur, Tezcan, Karakurt, 
2016). There are debatable issues regarding the usefulness of routine 
surveillance respiratory culture to predict the organisms causing pneu-
monia in ICU patients. Few studies reported surveillance cultures were 
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ABSTRACT
Objective: Ventilator-associated pneumonia (VAP) is a significant cause of morbidity and mortality for patients in the 

Intensive Care Unit (ICU). The value of respiratory culture surveillance to predict the causative organism is still uncertain and 
debatable. The study was conducted to evaluate the clinical value of respiratory culture surveillance in predicting the causative 
organism for VAP in ICU patients.

Design: Prospective observational study was carried out in the General ICU of Hospital Universiti Sains Malaysia, a tertiary 
teaching hospital.

Materials and Methods: All admission of adult patients to ICU with performed surveillance respiratory culture were included 
in the study. Patients were followed up and records were reviewed until they had been transferred out from the ICU. 

Results: A total of 193 patients were included in this study and 88/193 (46%) patients had positive surveillance cultures. 
Among them, 63/193 (32.6%) patients had subsequent diagnostic respiratory cultures which 45/63 (71.4%) patients fulfilled the 
study criteria for VAP with 78% (35/45) positivity. Cohen's kappa coefficient analysis showed fair agreement, 0.229 between sur-
veillance and diagnostic culture results.

Conclusion: Surveillance respiratory cultures had limited value in predicting the causative agents of VAP. Diagnostic culture 
is recommended if VAP is suspected.
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useful predictor for drug-resistant bacteria infections, especially in VAP 
and bacteremia (Blot, Depuydt, Vogelaers, 2005; Papadomichelakis, 
Kontopidou, Antoniadou, 2008; Boots, Phillips, George, 2008). 
However, other studies showed that surveillance cultures results were 
unable to be used as a guide for appropriate selection of initial antibiot-
ics therapy due to low sensitivity (Hayon, Figliolini, Combes, 2002; 
Sanders, Adhikari, Friedrich, 2008). 

Since published reports were varied and inconclusive, there is a 
need to re-evaluate the role of surveillance cultures in predicting the 
causative agents of VAP. This study aims were to determine the bacteri-
ological profile of surveillance and diagnostic culture from the respira-
tory tract of patients admitted in ICU and to evaluate the value of sur-
veillance respiratory cultures to predict the causative agents for nosoco-
mial pneumonia, specifically VAP. Thus, the result of this study might 
assist to clear up certain issues related to the routine surveillance of 
respiratory cultures. 

MATERIALS  AND  METHODS

Study Design
This was an observational prospective study in the General ICU of 

Hospital Universiti Sains Malaysia (HUSM), a tertiary teaching hospital 
in the East-coast of Malaysia. The study was conducted for 18 months, 
from July 2017 to December 2018. All adult patients age more than 18 
years old with surveillance respiratory culture (endotracheal aspirate or 

sputum) taken on admission were included in the study. Patients with 
diagnoses of community-acquired pneumonia (CAP), HAP or VAP on 
admission were excluded. 

Definitions
Surveillance culture is defined as a culture collected despite an 

absence of clinical features pointing to an infection at the site from 
which the culture is collected (Katherason et al., 2009). Diagnostic cul-
tures culture refers to a culture collected when there is suspicion of 
infection and treatment was started. HAP refers to pneumonia that 
occurs 48 hours or more after hospital admission and that was not pres-
ent at the time of admission while VAP refers to pneumonia that occurs 
48 hours or more after endotracheal intubation. Early-onset of VAP is 
defined as VAP occurs within five days and less (Scholte, van Dessel, 
Linssen, 2014). VAP is diagnosed when the infection developed after 48 
hours of mechanical ventilation and fulfills the diagnosis criteria: new 
or progressive infiltrate on chest radiograph and at least two of the fol-
lowing three criteria: fever > 38℃, leukocytosis or leukopenia or puru-
lent secretions (Fàbregas, Ewig, Torres, 1999). 

Data Collection
Patients were selected based on the inclusion criteria and records 

were reviewed. Patients' data were collected from ICU charts (name, 
age, sex, underlying illness, date of ICU admission, date of intubation, 
date of sample collection, and antibiotic therapy) and medical records. 
Results of diagnostic respiratory samples taken at the onset of clinical 
suspicion of nosocomial pneumonia were traced from Medical 
Microbiology & Parasitology Department and recorded. Patients were 
followed up until discharged from the ICU.

Sample Processing In Microbiology Laboratory 
Respiratory samples were processed and reported according to the 

standard protocol in Medical Microbiology & Parasitology Department. 
The samples were collected and transported in a sterile container and 
were subjected to microscopic examination to look for any evidence of 
infections (squamous epithelial cells, pus cells, and microorganisms). 
The purulent part of the sample was inoculated onto blood agar, Mac 
Conkey agar, and chocolate blood agar. The plates were incubated in a 
CO2 incubator at 36℃ for 18-24 hours.

Organism Identification And Antibiotic Susceptibility 
Testing

The microorganism was identified based on growth characteristics, 
Gram stain and a set of biochemical reactions. The isolated microorgan-
ism was identified by an automated identification system (VITEK 2) if 
necessary. Antibiotics susceptibility testing was performed using a disc 
diffusion method and interpreted according to Clinical and Laboratory 
Standard Institute (CLSI) guidelines.

Statistical Analysis
Data were collected, summarized, tabulated, and analyzed using 

IBM Statistical Package for the Social Sciences (SPSS) software ver-
sion 24 (SPSS, Inc, Chicago, IL). Results were presented through tables. 
For descriptive statistics, numerical data were presented in mean and 
standard deviation, while categorical were presented in frequency and 
percentage. The level of agreement between surveillance and diagnostic 
culture was quantified using Cohen's kappa coefficient (κ), where 0 
indicated no agreement, 0 to 0.2 indicated slight agreement, 0.21 to 0.4 
indicated fair agreement, 0.41 to 0.6 indicates moderate agreement, 0.61 
to 0.8 indicates substantial agreement, and 0.81 to 1 indicated almost 
perfect agreement (Landis, Koch, 1977).

RESULTS

Altogether, 193 patients who met the inclusion criteria were includ-
ed in the study, and 185/193 (95.9%) were already ventilated upon 
admission to the ICU. Two types of respiratory samples were taken, 
185/193 (95.9%) were endotracheal aspirates (ETA), and another 8/193 
(4.1%) were sputum. Of all, 88/193 (46%) patients had positive surveil-
lance cultures with a total of 108 isolates. Summaries of demographic 

Table 1: Demographic and clinical data of patients enrolled in the 
study (n = 193)

Characteristic  Value 

Age, years (mean,SD) 55 (17)
Gender  N (%)

-      Male 111(57.5)
-      Female  82(42.5)

Alive 104 (53.9)
Passed away 89 (46.1)

 N (%)
Underlying diseases
- Diabetes mellitus 78 (23.7)
- Hypertension 89 (27.1)
- Chronic kidney disease 29 (8.8)
- Ischemic heart disease 23 (7)
- COPDa 16 (4.9)

Primary diagnosis n (%)
-      Cardiovascular 40 (20.7)
-      Surgical 30 (15.5)
-      Trauma 27 (14)
-      Renal 8 (4.1)
-      Respiratory 19 (9.8)
-      Neurologic 9 (4.7)
-      Limb infection 18 (9.3)
-      Malignancy 11 (5.7)
-      O&Gb 4 (2.1)
-      Other 27 (14)

Duration of mechanical ventilation(days) (mean, SD) 9 (8)
Mean respiratory  culture (days) (mean, SD) 2 (1 )
Types of surveillance respiratory samples n (%)

-      Sputum 8 (4.1%)
-      Endotracheal aspirate 185 (95.9)

Subsequent endotracheal aspirate culture n (%) 63 (32.6%)
aChronic obstructive pulmonary disease
bObstetric & Gynaecology
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and clinical data of patients enrolled in the study were as shown in Table 
I. Male were predominant, 111/193 (57.5%) over female 82/193 
(42.5%). The most common causes of admission were cardiovascular 
(40/193, 20.7%), surgical (30/193, 15.5%), trauma (27/193, 14%), 
chronic lung disease (19/193, 9.8%), and musculoskeletal infections 
(18/193, 9.3%). The mean duration of mechanical ventilation was 9 (SD 
= 8) days. Overview of enrolled patients and findings of the study were 
summarized and presented in Figure 1.

Bacteriological Profile And Susceptibility Patterns Of 
Isolates From Surveillance Respiratory Cultures

The most common microorganisms isolated from surveillance respi-
ratory cultures were Klebsiella pneumoniae 33/108 (30.5%), 
Staphylococcus aureus 22/108 (20.3%), Pseudomonas aeruginosa 
11/108 (10.2%), Enterobacter species 10/108 (9.2%), and Acinetobacter 
species 8/108 (7.4%). Details were summarized in Table II. Among K. 
pneumoniae, 8/33 (24.2%) were multidrug-resistant (MDR) strains. 
Acinetobacter contributed to only 7.4% of total isolates, however, 
majority of them 6/8 (75%) were MDR. There were no MDR isolates 
among Pseudomonas aeruginosa. Among Gram-positive bacteria, S. 
aureus was the most commonly isolated, and majority were methicil-
lin-sensitive.

Bacteriological Profile And Susceptibility Patterns Of 
Isolates From Diagnostic Respiratory Cultures

Of 193 patients, 63 (32.6%) ventilated patients had subsequent 
repeat cultures for suspected VAP. However, only 45/63 (71.4%) 
patients fulfilled the study definition for VAP. Majority of them had 
late-onset VAP (n = 33/45, 73.3%). The mean (SD) for APACHE II 
score was 19 (Hayon, et al., 2002). Among them, 35/45 (77.8%) had 
positive cultures with a total of 53 isolates; the other 10/45 (22.2%) had 
negative cultures. Of 45, patients, about 44% had polymicrobial infec-
tions while the rest of 22% had monomicrobial infections. Gram-

negative bacteria were the most commonly 48/53 (90.6%) isolated. Of 
all, Acinetobacter species was the predominant, 16/53 (30%), followed 
by Pseudomonas aeruginosa 12/53 (22.6%) and Klebsiella pneumoniae 
11/53 (20.7%), in which majority were ESBL producers. Acinetobacter 
species were found to have high resistance (81%) toward ampicillin-sul-
bactam, cefepime, imipenem, meropenem, and cefoperazone-sulbactam. 
As compared to surveillance culture isolates, the proportion of resistant 
strains of Klebsiella pneumoniae from diagnostic cultures was higher. 
There was no MDR isolates among Pseudomonas aeruginosa. No anti-
microbial resistance was found among Staphylococcus aureus isolates.

The agreement between surveillance and diagnostic culture
After analysis, the level of agreement between surveillance and 

diagnostic culture using Cohen's kappa coefficient (κ) was 0.229 = fair 
agreement (according to the number of VAP cases n = 45) and 0.168 = 
slight agreement (according to the number of isolates (n = 66).

DISCUSSION

Local data on the prevalence of microorganisms isolated and their 
antibiotic susceptibility patterns is very helpful to clinicians for appro-
priate and targeted empirical antibiotics therapy. It improved the overall 
patients' outcome and decreased the emergence of resistant organisms 
due to inappropriate antibiotics management. For that reason, some cen-
tres (especially ICU) practise surveillance respiratory cultures before 
patients develop actual HAP or VAP. Cultures results are used as a guide 
for empirical antibiotics therapy. However, the usefulness of the surveil-
lance cultures as a reference is still controversial and debatable.

In this study, about 50% of surveillance cultures were positive, with 
the most common microorganisms isolated were Klebsiella pneumoniae 
and Staphylococcus aureus. Another study reported a similar percentage 
of positivity from surveillance cultures with Klebsiella species, 

Figure 1: Overview of patients enrolled (n = 193) and findings of the study
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Staphylococcus aureus and Escherichia coli were the most common 
organisms detected (Ghosh, Ghosh, Roy, 2014). Abdollahi et al. in 2013 
reported Acinetobacter species and Pseudomonas aeruginosa were the 
most common organisms colonizing the endotracheal tube. Different 
institution has different isolation rates and varieties of organisms isolat-
ed. These data support the importance of each institution to have their 
local data for reference. However, does this surveillance data really ben-
efited the patients, and does it cost-effective? To answer the questions, 
the study was analysing the results of both surveillance and diagnostic 
cultures in our local hospital. Among studied patients, only 23% ful-
filled the criteria for VAP, which was low. Meaning that, another 78% of 
patients unnecessarily underwent surveillance screening since the 
results were not influenced the management. 

Among VAP patients, about 84% eventually had positive cultures 
upon diagnosis. The most common microorganisms were Acinetobacter 
species, Pseudomonas aeruginosa and Klebsiella pneumoniae. Another 
study reported higher positivity (59.6%) with similar predominant of 
Acinetobacter baumannii, Klebsiella species, and Pseudomonas aerugi-
nosa (Saha, Nandi, Dhar, 2016). It was expected that Acinetobacter spe-
cies had high resistance (81%) toward most of the tested antibiotics. 
Infections and outbreaks due to MDR Acinetobacter species have been 
reported worldwide over the past 20 years (Johnson, Robinson, Zhao, 
2016). The reported risk factors include a history of previous admission 
to the hospital, usage of broad-spectrum antibiotics, congestive heart 
disease, neurological disorder and previous colonization by this organ-
ism (Blanco, Harris, Rock, 2018). 

When comparing both surveillance and diagnostic culture results, 
about 42% were similar. The same microorganism presence in surveil-
lance culture (colonizer) subsequently caused infections and lead to the 
development of VAP in 42% of ventilated patients. While the other 58% 
of the patients, the organisms were different. A Previous study reported 
around 56%- 83% concordances between surveillance cultures and diag-
nostic cultures (Yagmurdur et al., 2016; Michel, Franceschini, Berger, 

2005). Statistical analysis was performed to determine the significance 
of the study outcome. A fair agreement was noted between surveillance 
and diagnostic cultures in predicting the causative agents of VAP in ICU 
patients. The finding strengthens the evidence for the limited value of 
surveillance respiratory culture in predicting the causative agents of 
VAP. Fair agreement (Cohen Kappa (κ) = 0.31) between surveillance 
and diagnostic respiratory culture was also reported in the previous 
study (Scholte et al., 2014). Luna, Bledel, Raimondi, in 2014 reported 
the concordance was only 46.2% and up to 74% if endotracheal aspirate 
culture performed 3-7 days and < 3 days respectively before diagnostic 
culture. While other study found 43% concordance and 22% discor-
dance between surveillance and diagnostic culture (Lampati, Maggioni, 
Langer, 2009). Thus, diagnostic culture upon VAP onset remained the 
gold standard.

SUMMARY

Gram-negative bacteria were the most common isolates in both sur-
veillance and diagnostic cultures. However, the percentage of MDR 
organisms was higher in diagnostic culture results compared to the sur-
veillance culture. Hence, antibiotics used empirically in ICU patients for 
treatment of VAP should cover those multidrug-resistant organisms, 
especially Acinetobacter species. The value of surveillance culture was 
still limited in predicting the causative agents of VAP since a majority of 
them had different organisms isolated from both cultures. Patients with 
endotracheal tubes were susceptible to bacterial colonization and there-
fore it is important to interpret the culture results with the clinical pre-
sentations of the patient. The cultures should only be taken when VAP 
was suspected. 

LIMITATIONS  OF  THE  STUDY

The limitation of this study was the small sample size and short 
duration of the study. For the identification of microorganisms, the simi-
larity of the strain isolated in surveillance and diagnostic cultures was 
not confirmed by the molecular method. Further study could be made to 
include other ICU and high dependency ward to include patients with 
HAP. Generalization of results to the whole population was not possible 
as this study was carried out in a single tertiary care hospital.
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Table 2: Surveillance respiratory culture results from 193 
patients.

Number of samples  n (%)

Negative culture 105 (54.4)

Positive culture 88 (45.6)
      -    Monomicrobial       -  66 (75)
      -    Polymicrobial       -  22 (25)

Total isolates 108

Gram negative
Klebsiella pneumoniae 33 (30.5)
      -    ESBL                    6 (18)
      -    CRE                    2 (6)
Pseudomonas aeruginosa   11 (10.2)
Enterobacter species   10 9.2)
      -    CRE     2 (20)
Acinetobacter species 8 (7.4)
      -    MDR                 6 (75)
Proteus mirabilis               3 (2.7)
Stenotrophomonas maltophilia               3 (2.7)
Escherichia coli               1 (0.9)
Moraxella catarrhalis               1 (0.9)
Haemohilus influenzae               1 (0.9)
Burkholderia pseudomallei               1 (0.9)
Serratia marcescens               1 (0.9)
Gram positive
      -    Staphyloccus aureus    22    (20.3)
MSSA    18    (82)
MRSA                 4 (18)
      -    Streptococcus pneumoniae               3 (2.7)
      -    Streptococcus group A               1 (0.9)
Fungal               9 (8.3)
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