
JURNAL OF HEALTH SCIENCE – VOLUME 14 NOMOR 02 (2021) E-ISSN: 2477-3948 

 

 

 

 

 

 

103 

https://doi.org/10.33086/jhs.v14i2.1891 

Bacterial Identification And Antibiotics Sensitivity Of Ventilator-Associated Pneumonia (VAP) 

Patients At RSD Dr. Soebandi Jember 

Muhammad Ali Shodikin 
1
, Mira Haninda Ramadhanty 

2
, I Nyoman Semita 

3 

1, 2, Faculty of Medicine University of Jember, Jember, Indonesia 
3 RSD dr. Soebandi, Jember, Jember, Indonesia 

 

ARTICLE INFORMATION  A B S T R A C T  

Received: January, 19, 2021 

Revised: March, 23, 2021 

Available online: May 2021 

 

 

Ventilator-Associated Pneumonia (VAP) is pneumonia in patients with a mechanical 

ventilator. The use of empirical antibiotics therapy to VAP patients based on bacterial 

identification and its antibiotics sensitivity. This study aims to determine bacterial 

identification and antibiotics sensitivity of VAP patients at RSD dr. Soebandi Jember. A 

descriptive observational study was conducted with a retrospective approach. The data 

were collected from the medical record of VAP patients from September to October 

2019. All samples meet the inclusion and exclusion criteria. Data analysis utilized 

Microsoft Excel 2010. This paper had 15 VAP patients who conducted bacterial 

identification and its sensitivity to antibiotics. The most frequent bacteria that cause 

VAP was Acinetobacter baumannii. Klebsiella pneumoniae, Pseudomonas aeruginosa, 

Enterobacter aerogenes, Burkholderia cepacia, Pseudomonas fluorescens, Salmonella 

arizonae, and Escherichia coli also cause VAP. Antibiotics with the highest sensitivity 

to VAP-causing bacteria were amikacin, meropenem, and piperacillin-tazobactam. 

Meanwhile, the antibiotics that bacterial resistant were cefixime, cefotaxime, and 

ceftriaxone.  
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INTRODUCTION 

Ventilator-associated pneumonia (VAP) is pneumonia in a ventilated patient on a ventilator for at least 48 

hours (Dahlan, 2014). Its symptoms are fever, tachypnea, increased respiratory secretions, leukocytosis. 

Other than that, its symptom also includes lung consolidation accompanied by new or changes in 

infiltrates on radiological examination (Hunter, 2006; (Mandell and Wunderink, 2015). Gadani's research 

showed that 37% of patients hospitalized in the Intensive Care Unit (ICU) became VAP (Gadani et al., 

2010). Prolonged use of a ventilator leads to VAP risk, thereby increasing mortality from 5% to 65% 

(Schweiger et al., 2013) Several factors that influence VAP include the patient's age, length of use of a 

ventilator, patient consciousness level, comorbid disease, and antibiotic treatment (Wu et al., 2019) 

Several studies have reported bacterial resistance to antibiotics in humans, animals, and the environment 

García et al.,2020; Hoque et al., 2020). The negative impact of bacterial resistance in humans is that the 

infection does not recover by antibiotic therapy, more complication, a longer length of stay, higher cost 

of care, and increased patient mortality rate (Collignon, 2012; (Friedman et al., 2016). To avoid the 

negative impact of bacterial resistance to antibiotics, the treatment of bacterial infectious diseases in 

humans, including VAP, should be given according to bacterial culture and antibiotics sensitivity test 

results. Unfortunately, it needed several days for the results. Before there are results, antibiotics therapy 
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was given empirically based on the hospital antibiogram. 

Every hospital should have an antibiogram regularly as a reference for empiric antibiotics therapy. 

Previously RSD Dr. Soebandi did not have bacterial mapping and antibiogram of VAP patients. This 

study aims to determine the bacterial species and its antibiotics sensitivity of VAP patients at RSD. Dr. 

Soebandi Jember, so that it can be as a practical guide for antibiotics therapy. 

 

METHOD 

This research was a descriptive study. Data were obtained retrospectively from VAP patients' medical 

records hospitalized at RSD Dr. Soebandi from September to October 2019. The inclusion criteria were 

VAP patients who used ventilator > 48 hours, that had bacterial culture and antibiotics sensitivity test in 

their medical records. The exclusion criteria were VAP patients who had HIV or tuberculosis comorbid. 

This research utilized total sampling.  

VAP patients' sputum was collected from the endotracheal tube, carried by transport media, and then 

cultivated in blood agar and Mac Conkey media. Growth continued to be planted on Muller Hinton agar to 

identify the bacteria and antibiotics sensitivity test (Soleha, 2015). Identification of bacteria used 

Analytical Profile Index (API), API Strep, and API 20E (O’Hara, 2005). Antibiotic sensitivity test utilized 

agar diffusion method with various antibiotic discs (Soleha, 2015). 

Data analysis applied with Microsoft Excel 2010. This study was approved by The Health Research Ethics 

Committee, Faculty of Medicine, University of Jember, number 1.347/H25.1.11/KE/2019 

 

RESULT 

15 sputum of VAP patients had bacterial identification and antibiotics test sensitivity. The gender 

distribution was 11 male and four female. Based on the age group, four patients aged < 17 years, one 

patient aged 17-25 years, three patients aged 25-45, 4 patients aged 45-65, and 3 patients aged > 65 years 

old. The bacterial culture results showed that 14 samples had bacterial growth and 1 sample had no 

bacterial growth (see table 1). 
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Table 1. The samples' characteristics.   
Characteristic  Amount (n) % 

Gender   

      Men 11 73,3 

      Women  4 26,6 

Age   

      < 17 years 4 26,6 

      17-25 years 1 6,6 

      25-45 years 3 20 

      45-65 years 4 26,6 

      > 65 years 3 20 

Bacterial culture results   

      Bacterial growth  14 93,3 

      No bacterial growth  1 6,7 

 

In bacterial growth from 14 sputum of VAP patients, there were Acinetobacter baumannii in 4 samples 

(29%). Klebsiella pneumonia, Enterobacter aerogenes, and Pseudomonas aeruginosa each bacteria were 

two samples (14%). Burkholderia cepacia, Pseudomonas fluorescens, Salmonella arizonae, and 

Escherichia coli each bacteria were 1 sample (7%) (see table 2). 

Table 2.  Species of bacteria from the sputum of VAP patients. 
Species Amount (n) % 

Acinetobacter baumannii 4 29 

Klebsiella pneumoniae 2 14 

Enterobacter aerogenes 2 14 

Pseudomonas aeruginosa 2 14 

Burkholderia cepacia 1 7 

Pseudomonas fluorescens 1 7 

Salmonella arizonae 1 7 

Escherichia coli 1 7 

Total 14 100 

 

Furthermore, samples with bacterial growth were analyzed for the antibiotics sensitivity test. The results 

showed that nine out of 11 bacterial isolates (81.8%) were sensitive to amikacin. Meanwhile, six out of 

eight (75%) were sensitive to meropenem, five out of seven (71.4%) were sensitive to piperacillin-

tazobactam. Antibiotics resistance had occurred. Six out of seven bacterial isolates (85.7%) were resistant 

to cefixime. Meanwhile, five out of six (83.3%) were resistant to ceftriaxone, seven out of ten (70%) were 

resistant to cefotaxime (See table 3). 
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Table 3. Results of antibiotics sensitivity test 
Antibiotics Bacterial isolate number  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Antibiotics sensitivity 

Amikacin R S - R - - S S S S S S S S 

Ampicillin - R - - - - S I - - S I S - 

Ampicillin-sulbactam R - - - R R - - - - S I I S 

Aztreonam - R - - - - R R S S S R R - 

Cefuroxime - R - - - - R - - - S R R - 

Chloramphenicol - - R - S S R S - - S R S R 

Ciprofloxacin R - - R I R R R S S S S R R 

Cephalexin R - - R S R S - S S - R S S 

Cefixime - - - - - - - R R R S R R R 

Cefotaxime R R - R - - R - S S S R R R 

Ceftazidime  R I R R - - R I S S S I R R 

Ceftriaxone - - - - - - R R - - S R R R 

Gentamicin - R - - S R S S - - S - - - 

Levofloxacin R I - - - - S I S S S S R R 

Meropenem - - - - S R - - S I S S S S 

Cotrimoxazole R R - R - - I R - - S S R R 

Tobramicin R - R S S R R R S S S R R S 

Tetracycline R S - R - - S R - - S R R R 

Ticarcillin - S - R S R R S I S - - - - 

Piperacillin-tazobactam R - - - - - - - S S S S S I 

 

Abbreviation: R= resistant;  I= Intermediate; S= sensitive, and (-)= untested antibiotics. 

Bacterial species according to the bacterial isolate number: 1. Acinetobacter baumannii; 2. Klebsiella 

pneumoniae; 3. Burkholderia cepacia; 4. Acinetobacter baumannii; 5. Pseudomonas flurescens; 6.  

Acinetobacter baumannii;7. Salmonella arizonae; 8. Enterobacter aerogenes; 9. Pseudomonas aeruginosa; 

10. Pseudomonas aeruginosa; 11. Klebsiella pneumoniae; 12. Enterobacter aerogenes; 13. Escherichia coli; 

14. Acinetobacter baumannii. 

 

DISCUSSION 

The results of this study showed that VAP was more frequent in men than in women. This result is in line 

with Gadani et al., which reported that VAP was more frequent in men than women (Gadani et al., 2010). 

The smoking habits in most men can cause damage to the epithelium lining in the airway, thus interfering 

with the clearance of the pathogen (Falaga et al., 2007). Based on the age group, patients who had VAP 

mainly occurred in the elderly (45-65 years old) and (> 65 years old), sequentially obtained 4 and 3 

samples. The elderly group has an increased risk of infection due to decreased immune system and 

physiological change that affects the organ system, increasing the risk of respiratory tract infection (El 

Chakhtoura et al., 2017) 

The presence of bacterial growth in 14 sputa of VAP patients showed that most VAP patients at RSD dr. 

Soebandi was caused by bacteria. Only 1 sample did not have bacteria growth. It is because that the 
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sputum was collected after antibiotics treatment (Kalil et al., 2016; Harris et al., 2017). In this study, eight 

Gram-negative bacteria species grew on bacterial culture. A study found Gram-negative bacteria caused 

45-70% of VAP (Barbier et al., 2013). This paper showed that the most common bacteria that cause VAP 

was Acinetobacter baumannii (29%). Research reported that Acinetobacter baumannii was the cause of 

VAP in the ICU by 7.9% (Kalanuria et al., 2014). Acinetobacter baumannii is Gram negative, rod-shaped, 

and non-motile aerobic bacteria. It is often found in nosocomial pneumonia and immunosuppressed 

patients (Cilloniz, 2014). This bacteria has a particular target of moist tissue such as mucous membranes 

(Howard et al., 2012). 

Klebsiella pneumonia, Enterobacter aerogenes, and Pseudomonas aeruginosa each bacteria were two 

samples (14%). Klebsiella pneumoniae and Enterobacter aerogenes are in the Enterobacteriaceae family 

that cause nosocomial pneumonia (Amer et al., 2018). Enterobacter aerogenes cause various nosocomial 

infections; one of them is VAP (Donenberg et al., 2015). Pseudomonas aeruginosa, in the form of rods 

and Gram-negative, can infect immune-compromised humans and become one of the pathogens that 

cause pneumonia in the ICU setting (Zander and Farver, 2018). 

Pseudomonas fluorescens causes diseases in the respiratory tract and bacteremia in immune-

compromised humans (Scales et al., 2014). In this paper, there were Escherichia coli and Salmonella 

arizonae; each bacteria were as many as two samples. They are Gram-negative, rod bacteria, and 

members of the Enterobacteriaceae family. Salmonella arizonae infection can occur in immune-

compromised patients (Lee et al., 2016). Also, there was Burkholderia cepacia in one sample. However, 

these Gram-negative bacteria were reported to cause community-acquired pneumonia (Bayram et al., 

2011). 

Antibiotics therapy empirically on VAP with the suspected cause of Gram-negative bacteria can use beta-

lactam and non-beta-lactam antibiotics. Its antibiotics such as Fluoroquinolone, aminoglycosides, and 

polymixine (Kalil et al., 2016). The bacterial isolates were most sensitive to amikacin, meropenem, and 

piperacillin-tazobactam. 81% of the tested isolates were sensitive to amikacin, which is included in the 

aminoglycoside group. Aminoglycosides are therapy for infections caused by Gram-negative bacteria. It 

has a mechanism by inhibiting bacterial protein synthesis (Brunton et al., 2008). Some isolates were 

resistant to aminoglycoside. Aminoglycoside works through aminoglycoside modifying enzymes (AMEs) 

and ribosome target mutations (Garneau, 2016). 

Meropenem and piperacillin-tazobactam are often used as empirical therapy for VAP – administered 

intravenously. In this study, meropenem had a high level of sensitivity. Meropenem is a beta-lactam 

antibiotic in the carbapenem class and has a broader spectrum of activity than most other beta-lactam 
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antibiotics (Hardman and Limbird, 2012). Piperacillin-tazobactam is stable against beta-lactamase and 

effective against Gram-positive and Gram-negative bacteria (Ito et al., 2010). 

There were many bacteria from the Enterobacteriaceae family in this study. Most Enterobacteriaceae 

families are sensitive to cephalosporine and fluoroquinolone. Less than one percent of these bacteria had 

Extended-Spectrum Beta-Lactamase (ESBL) (Shindo et al., 2013). ESBL is an enzyme that can hydrolyze 

most of the penicillin class antibiotics. This paper showed that bacteria were resistant to the cephalosporin 

class, especially the third generation. The third generation of cephalosporin consists of cefixime, 

ceftriaxone, cefotaxime, and ceftazidime. The most common resistance mechanism to cephalosporins is 

the destruction of antibiotics through hydrolysis of the beta-lactam ring. The level of resistance to third-

generation cephalosporin in Enterobacteriaceae currently reached 10-70% (Ruppé et al., 2015). The 

production of beta-lactamase usually causes the resistance of Enterobacteriaceae to antibiotics. ESBL 

arises when there are mutations in genes encoding TEM-1, TEM-2, or SHV-1. Its mutations are new beta-

lactamase capable of hydrolyzing third-generation cephalosporin and aztreonam (Paterson, 2006). 

 

CONCLUSION 

Acinetobacter baumannii is the most frequent VAP-causing bacteria at dr. Soebandi Hospital, Jember. 

Klebsiella pneumoniae, Pseudomonas aeruginosa, Enterobacter aerogenes, Burkholderia cepacia, 

Pseudomonas fluorescens, Salmonella arizonae, and Escherichia coli also cause VAP. Amikacin, 

meropenem, and piperacillin-tazobactam are antibiotics with the highest sensitivity to VAP-causing 

bacteria. Meanwhile, the antibiotics that bacterial resistant are cefixime, cefotaxime, and ceftriaxone. 

 

REFERENCE 

Amer, F. A. M., Mohamed, M. S., Elbur, A. I., Abdelaziz, S. I., & Elrayah, Z. A. B. (2018). Influence of 

self-efficacy management on adherence to self-care activities and treatment outcome among diabetes 

mellitus type 2 sudanese patients. Pharmacy Practice, 16(4), 1–7. 

https://doi.org/10.18549/PharmPract.2018.04.1274 

Barbier, F., Andremont, A., Wolff, M., & Bouadma, L. (2013). Hospital-acquired pneumonia and 

ventilator-associated pneumonia: Recent advances in epidemiology and management. Current 

Opinion in Pulmonary Medicine, 19(3), 216–228. https://doi.org/10.1097/MCP.0b013e32835f27be 

Bayram, M., Babalik, M., Bakan, N. D., & Döngel, I. (2011). Community-acquired Burkholderia cepacia 

pneumonia: A report of two immunocompetent patients. Tuberkuloz ve Toraks, 59(4), 380–383. 

https://doi.org/10.5578/tt.1159 

Brunton, L, Parker K, Blumenthal D,  dan B. L. G. & G. (2008). Manual of Pharmacology and 



MUHAMMAD ALI SHODIKIN  / JURNAL OF HEALTH SCIENCE – VOLUME 14 NOMOR 02 (2021) E-ISSN: 2477-3948 

109 

https://doi.org/10.33086/jhs.v14i2.1891 Muhammad Ali Shodikin - The Length Of Stay In Patients Undergoing Diagnostic 

MRI And CT-Scan With Intravenous Anesthesia At Outpatient Clinic Dr. Soetomo 

General Hospital: An Overview 

 

Therapeutic. NewYork: McGrawHill. 

Collignon, P. (2012). Clinical impact of antimicrobial resistance in humans. OIE Revue Scientifique et 

Technique, 31(1), 211–220. https://doi.org/10.20506/rst.31.1.2111 

Dahlan, Z. (2014). Ilmu Penyakit Dalam Jilid 2 (6th ed.). Jakarta: Interna Publishing. 

El Chakhtoura, N. G., Bonomo, R. A., & Jump, R. L. P. (2017). Influence of Aging and Environment on 

Presentation of Infection in Older Adults. Infectious Disease Clinics of North America, 31(4), 593–

608. https://doi.org/10.1016/j.idc.2017.07.017 

Falagas, M. E., Mourtzoukou, E. G., & Vardakas, K. Z. (2007). Sex differences in the incidence and 

severity of respiratory tract infections. Respiratory Medicine, 101(9), 1845–1863. 

https://doi.org/10.1016/j.rmed.2007.04.011 

Friedman, N. D., Temkin, E., & Carmeli, Y. (2016). The negative impact of antibiotic resistance. Clinical 

Microbiology and Infection, 22(5), 416–422. https://doi.org/10.1016/j.cmi.2015.12.002 

Gadani, H., Vyas, A., & Kar, A. K. (2010). A study of ventilator-associated pneumonia: Incidence, 

outcome, risk factors and measures to be taken for prevention. Indian Journal of Anaesthesia, 54(6), 

535–540. https://doi.org/10.4103/0019-5049.72643 

García-Vello, P., González-Zorn, B., & Saba, C. K. S. (2020). Antibiotic resistance patterns in human, 

animal, food and environmental isolates in ghana: A review. Pan African Medical Journal, 35, 1–15. 

https://doi.org/10.11604/pamj.2020.35.37.18323 

Garneau-Tsodikova S, L. K. (2016). Mechanisms of Resistance to Aminoglycoside’ Antibiotics: Overview 

and Perspectives. 

Hardman, J. G. dan L. E. L. G. & G. (2012). Dasar Farmakologi Terapi (Edisi 10). Jakarta: Penerbit 

Buku Kedokteran. 

Harris, A. M., Bramley, A. M., Jain, S., Arnold, S. R., Ampofo, K., & Self,  et al. (2017). Influence of 

antibiotics on the detection of bacteria by culture-based and culture-independent diagnostic tests in 

patients hospitalized with community-acquired pneumonia. Open Forum Infectious Diseases, 4(1). 

https://doi.org/10.1093/OFID/OFX014 

Hoque, R., Ahmed, S. M., Naher, N., Islam, M. A., Rousham, E. K., Islam, B. Z., & Hassan, S. (2020). 

Tackling antimicrobial resistance in Bangladesh: A scoping review of policy and practice in human, 

animal and environment sectors. PLoS ONE, 15(1), 1–22. 

https://doi.org/10.1371/journal.pone.0227947 

Howard, A., O’Donoghue, M., Feeney, A., & Sleator, R. D. (2012). Acinetobacter baumannii An 

emerging opportunistic pathogen. Virulence, 3(3), 5. https://doi.org/10.4161/viru.19700 

Hunter, J. D. (2006). Ventilator associated pneumonia. Postgraduate Medical Journal, 82(965), 172–178. 



MUHAMMAD ALI SHODIKIN  / JURNAL OF HEALTH SCIENCE – VOLUME 14 NOMOR 02 (2021) E-ISSN: 2477-3948 

110 

https://doi.org/10.33086/jhs.v14i2.1891 Muhammad Ali Shodikin - The Length Of Stay In Patients Undergoing Diagnostic 

MRI And CT-Scan With Intravenous Anesthesia At Outpatient Clinic Dr. Soetomo 

General Hospital: An Overview 

 

https://doi.org/10.1136/pgmj.2005.036905 

Ito, I., Kadowaki, S., Tanabe, N., Haruna, A., Kase, M., Yasutomo, Y., Tsukino, M., Nakai, A., 

Matsumoto, H., Niimi, A., Chin, K., Ichiyama, S., & Mishima, M. (2010). Tazobactam/piperacillin 

for moderate-to-severe pneumonia in patients with risk for aspiration: Comparison with 

imipenem/cilastatin. Pulmonary Pharmacology and Therapeutics, 23(5), 403–410. 

https://doi.org/10.1016/j.pupt.2010.05.007 

Kalanuria, A. A., Zai, W., & Mirski, M. (2014). Ventilator-associated pneumonia in the ICU. Critical 

Care, 18(2), 1–8. https://doi.org/10.1186/cc13775 

Kalil, A. C., Metersky, M. L., Klompas, M., Muscedere, J., Sweeney, D. A., Palmer, L. B., Napolitano, L. 

M., O’Grady, N. P., Bartlett, J. G., Carratalà, J., El Solh, A. A., Ewig, S., Fey, P. D., File, T. M., 

Restrepo, M. I., Roberts, J. A., Waterer, G. W., Cruse, P., Knight, S. L., & Brozek, J. L. (2016). 

Management of Adults With Hospital-acquired and Ventilator-associated Pneumonia: 2016 Clinical 

Practice Guidelines by the Infectious Diseases Society of America and the American Thoracic 

Society. Clinical Infectious Diseases, 63(5), e61–e111. https://doi.org/10.1093/cid/ciw353 

Lee, Y. C., Hung, M. C., Hung, S. C., Wang, H. P., Cho, H. L., Lai, M. C., & Wang, J. T. (2016). 

Salmonella enterica subspecies arizonae infection of adult patients in Southern Taiwan: A case series 

in a non-endemic area and literature review. BMC Infectious Diseases, 16(1), 1–8. 

https://doi.org/10.1186/s12879-016-2083-0 

Mandell LA dan Wunderink RG. (2015). Harrison’s Principles of Internal Medicine. (19th editi). , 

United States: The McGraw-Hill Companies. 

O’Hara, C. M. (2005). Manual and automated instrumentation for identification of Enterobacteriaceae 

and other aerobic gram-negative bacilli. Clinical Microbiology Reviews, 18(1), 147–162. 

https://doi.org/10.1128/CMR.18.1.147-162.2005 

Paterson, D. L. (2006). Resistance in Gram-Negative Bacteria: Enterobacteriaceae. American Journal of 

Medicine, 119(6 SUPPL. 1), 20–28. https://doi.org/10.1016/j.amjmed.2006.03.013 

Ruppé, É., Woerther, P. L., & Barbier, F. (2015). Mechanisms of antimicrobial resistance in Gram-

negative bacilli. Annals of Intensive Care, 5(1). https://doi.org/10.1186/s13613-015-0061-0 

Scales, B. S., Dickson, R. P., Lipuma, J. J., & Huffnagle, G. B. (2014). Microbiology, genomics, and 

clinical significance of the Pseudomonas fluorescens species complex, an unappreciated colonizer of 

humans. Clinical Microbiology Reviews, 27(4), 927–948. https://doi.org/10.1128/CMR.00044-14 

Schweiger, J., Karlnoski, R., Mangar, D., Kolla, J., Munoz, G., Thompson, P., Sprenker, C., Downes, K., 

& Camporesi, E. M. (2013). Impact of a Low-Pressure Polyurethane Adult Endotracheal Tube on the 

Incidence of Ventilator-Associated Pneumonia: A before and after Concurrence Study. ISRN Critical 



MUHAMMAD ALI SHODIKIN  / JURNAL OF HEALTH SCIENCE – VOLUME 14 NOMOR 02 (2021) E-ISSN: 2477-3948 

111 

https://doi.org/10.33086/jhs.v14i2.1891 Muhammad Ali Shodikin - The Length Of Stay In Patients Undergoing Diagnostic 

MRI And CT-Scan With Intravenous Anesthesia At Outpatient Clinic Dr. Soetomo 

General Hospital: An Overview 

 

Care, 2013, 1–6. https://doi.org/10.5402/2013/812964 

Shindo, Y., Ito, R., Kobayashi, D., Ando, M., Ichikawa, M., & Shiraki,  et al. (2013). Risk factors for 

drug-resistant pathogens in community-acquired and healthcare-associated pneumonia. American 

Journal of Respiratory and Critical Care Medicine, 188(8), 985–995. 

https://doi.org/10.1164/rccm.201301-0079OC 

Soleha, T. U. (2015). Uji Kepekaan Terhadap Antibiotik. Juke Unila, 5(9), 121. 

Torres, A., & Cilloniz, C. (2014). Pneumococcal disease: Epidemiology and new vaccines. Community 

Acquired Infection, 1(2), 35. https://doi.org/10.4103/2225-6482.147647 

Wu, D., Wu, C., Zhang, S., & Zhong, Y. (2019). Risk factors of ventilator-associated pneumonia in 

critically III patients. Frontiers in Pharmacology, 10(MAY), 1–7. 

https://doi.org/10.3389/fphar.2019.00482 

Zander, D. S. dan C. F. F. (2018). Pulmonary Pathology. 2
nd

 Edition. 

 

 


