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(CAP) and Ventilator-Associated Pneumonia (VAP) in Intensive Care Unit
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Abstract

Background: The moment most common cause of in-hospital infection is pneumonia. Pneumonia is
prevalent within the ICU (Intensive Care Unit) setting and can be deadly. The Incidence of pneumonia is
approximately 17% in the therapeutic ICU? but can be 6 to 20 times increased in mechanically ventilated
patients. The duration of hospital stay and expenditure are both expanded in patients who develop
ventilator-associated pneumonia. This study aims to identify the causative microorganism responsible for
CAP (Community-Acquired Pneumonia) and VAP (Ventilator-Associated Pneumonia) and their antibiotic
sensitivity pattern.

Methods: This was a comparative cross-sectional study that was carried out at two ICU in Sylhet city. The
data was collected from the patient's medical information, the patient's file, and the hospital information
system. Culture and sensitivity (C/S) were collected from the electronic medical information system
(MIS). All data from January 2019 to December 2020, including patient's information, course of the disease
(in terms of death or recovery-if available), clinical features, and investigation reports, was transferred to an
electronic data collection sheet (Microsoft Excel). After completion of all data collection, analysis was
conducted through a spreadsheet. Comparison between two disease groups was made by independent t-test.
Within the group, the analysis was done by the Chi-Square test.

Results: In this thesis study, it was found that the most common organism responsible for CAP was
Streptococcus spp. (34.70%) and is sensitive to Meropenem (92.21%), Imipenem (88.16%), Amikacin
(70.67%), Piperacillin (70.91%), Moxifloxacin (70.96%), Levofloxacin (67.95%), Amoxiclav (67.92%),
and Ceftriaxone(63.95%).

The most common causative organism responsible for VAP was Staphylococcus spp. (36.51%) and it was
sensitive to Imipenem (100%), Moxifloxacin (100%), Meropenem (94.73%), Amikacin (85.71%),
Ceftriaxone (60%), Amoxiclav (66.66%), Levofloxacin (57.14%), and Cefuroxime (50%).

Conclusion: Pneumonia is still one of the most common reasons for hospitalization, particularly for those
admitted to ICU. It has been observed in several studies that the majority of the cases are community-
acquired pneumonia. Many mechanically ventilated patients often develop VAP, which is fatal if timely
diagnosis and appropriate antibiotics administration are not made. Streptococcus spp. was the most
common organism responsible for CAP, and Staphylococcus spp. mainly was responsible for VAP.
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Introduction

Pneumonia is an inflammation of the alveolar
airspace, which is most commonly provoked by
bacteria and arises from other pathogen classes
and less typically by the autoimmune system.
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Lung function is impaired due to infiltration of

the alveolar space by white blood cells

(leucocytes) and fibrinous exudate. Sometimes
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admission to an ICU Intensive Care Unit) is
required due to severe form.!

The moment most common cause of in-hospital
infection is pneumonia. Pneumonia is prevalent
within the ICU (Intensive Care Unit) setting and
can be deadly. The Incidence of pneumonia is
approximately 17% in the therapeutic ICU? but
can be 6 to 20 times increased in mechanically
ventilated patients®. The duration of hospital stay
and expenditure are both expanded in patients
who develop ventilator-associated pneumonia®.
Pneumonia is usually categorized into HAP
(hospital-acquired pneumonia), CAP
(community-acquired  pneumonia), = HCAP
(healthcare-associated pneumonia), and VAP
(ventilator-associated pneumonia). The wusual
foremost pneumonia was CAP (54.3%) and
VAP the least (1.6%). Despite its reduced
Incidence, VAP created the most elevated death
rate during hospitalization (21.6%)°.

In ICUs, the etiology of pneumonia remains
obscure in about 30% of cases in spite of
comprehensive microbiological investigations.®
"Microorganisms habitually distinguished in
respiratory samples from ICU-pneumonia
patients included Staphylococci, Klebsiella,
Enterobacteria, Pseudomonas aeruginosa,
Candida albicans, Cytomegalovirus (CMYV),
Influenza virus, and Herpes simplex virus
(HSV)3o-10.11.12,

Anti-microbials play a major imperative part in
the treatment of bacterial pneumonia. The
outcome may improve by initiating early
administration of antibiotics. The choice of
introducing antibiotics is guided by clinical
settings, intensity  appraisal, = community
information of anti-microbial resistance patterns,
and epidemiological data.A 5-day course is
sufficient for most patients with uncomplicated
pneumonia, regardless of the fact that treatment
is often necessary for patients with Legionella,
staphylococcal, or K. pneumoniac who have
been sick for a long time. Unless the patient has
a severe disease, diminished consciousness, loss
of deglutition reflex, or functional or anatomical
grounds for malabsorption, oral anti-microbials
are usually appropriate.

Methodology
This cross-sectional studycomparing the isolated

organism and their antibiotic sensitivity pattern

between CAP and VAP in ICUwas conducted at
two ICU (Al Haramain Hospital and Mount
Adora Hospital) of Sylhet City from January
2021 to May 2021. The aim of the study was to
determine the isolated organisms responsible for
CAP and VAP with their antibiotic sensitivity
pattern.

According to standard guidelines, patients
diagnosed with CAP and VAP by the treating
physician were included in the study. The
appearance of acute pulmonary infiltration on a
posteroanterior chest x-ray, as well as at least
two of the following symptoms: fever, cough,
and purulent sputum, was the diagnostic criteria
for CAP. Diagnosis of VAP was based on three
elements: new or worsening infiltrates seen on
the chest radiograph, systemic signs of infection,
and Dbacteriological prove of pneumonic
parenchymal infection.!

Isolation and identification of causative bacteria
was carried out by using specific culture media
for both gram positive and gram-negative
organism. There in this microbiological
procedure, culture media were used (e.g., Blood
Agar media, MacConkey’s agar media). The
culture positive samples were identified by
colony morphology, microscopy and
conventional biochemical test as per the
standard protocol followed in microbiology
laboratory. For antibiotic sensitivity test we
followed CLSI guideline. Antibiotic sensitivity
test was carried out by using the Kirby-Bauer
disc diffusion method.

After enrollment in the study, informed consent
from the hospital authority was taken. The data
was collected the patient's medical information,
the patient's file, and the hospital information
system. Culture and sensitivity (C/S) were
collected from the electronic medical
information system (MIS). All data from
January 2019 to December 2020, including
patient's information, course of the disease (in
terms of death or recovery-if available), clinical
features, and investigation reports, was
transferred to an electronic data collection sheet
(Microsoft Excel). After completion of all data
collection, analysis was conducted through a
spreadsheet. Comparison between two disease
groups was made by independent t-test. Within
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the group, the analysis was done by the Chi-
Square test.

Results

This is an analytical cross-sectional study of
‘Comparative cross-sectional study to compare
the isolated organism and their antibiotic

sensitivity pattern between CAP and VAP in
ICU’. All the patients diagnosed as CAP and
VAP in two assigned hospital was included in
this study. The total number of cases was 394.
Among 394 patients 268 were diagnosed as CAP
and 126 as VAP.

Table 1: Demographic distribution of patients according to Age and Gender

Gender CAP VAP

N=268 N=126

No. % No. %
Male 178 66.42% 46 37.5%
Female 90 33.58% 80 62.5%
Total 268 126
Age Group CAP VAP

N=268 N= 126

N % N %
Below 30 years 17 6.34% 22 17.46%
30 — 49 years 32 11.94% 28 22.22%
50 - 69 years 118 44.03% 49 38.89%
70 years and above 101 37.69% 27 21.43%
Mean 61.7 51.61 t-value 4.168

p=.00002

Table (1) shows the distribution of patients
according to age and gender. It illustrates that in
the CAP group, most patients were male
(66.42%), and in the VAP group, females were
significantly dominant (62.5%). The table also
shows the distribution of CAP and VAP patients
according to their age group. Among CAP
patients’ highest number (44.03%) was in the
50-69 years age group. The second highest was
70 years and above age group (37.69%). Patients
of 30-49 years and below 30 years age group

were 11.94% and 6.34%, respectively. The mean
age of the CAP group was 61.7.

In the VAP group, patients’ highest number
(38.89%) was in the 50-69 years age group.
Seventy (70) years and above age group
(21.43%) and 30 -49 years (22.22%) age group
were almost similar in number. There were We
had 22 patients (17.46%) who were below the 30
years of age group, which is quite significant.
The mean age for VAP patients was 51.61.
T-test was conducted, and the t-value was 4.168,
while the p-value was <0.005.
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Table 2: Distribution of patients according to pre-existing disease factors

Disecase CAP VAP

N=268 N=126

Y N Y N

162 106 70 56
HTN 60.45% 55.55%

126 140 56 70
DM 47.01% 44.44%

47 221 25 101
PREVIOUS H/O LUNG
DISEASE 17.54% 19.84%

57 211 24 102
HTN+DM 21.27% 19.04%

15 253 8 118
HTN+ P/H/O LUNG
DISEASE 5.59% 6.35%

9 259 5 121
DM+ P/H/O LUNG DISEASE | 3.36% 3.97%

16 252 12 114
HYN+ DM+ PREVIOUS H/O
LUNG DISEASE 5.97% 9.52%

Table (2) illustrates the co-existing disease
factors among patients of both CAP and VAP
groups. It shows that the prevalence of
hypertension was significantly higher in the two
groups, 60.45%, and 55.55%, respectively.
Diabetes mellitus was the second common
comorbid disease among both groups, 47.01% in
CAP and 44.44% in the VAP group. The history
of preexisting lung disease among the CAP and

VAP groups was 17.54% and 19.84%, which
indicates a slightly higher percentage among
VAP patients. A significant number (21.27%
among CAP and 19.04% among VAP) of
patients in both groups had multiple preexisting
diseases like Hypertension and Diabetes
mellitus. A small number of patients (5.97% in
the CAP group and 9.52% in the VAP group)
had a history of all three-preexisting diseases.
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Table 3: Distribution of isolated microorganisms among CAP and VAP patients

Name of the organism CAP VAP

N=268 N= 126

No of | % No of | %

Patient Patient
Acinetobacter 1 0.37% 2 1.59%
E-Coli 11 4.10% 2 1.59%
H. Influenza 46 17.17% 0 0%
Klebsiella 61 22.76% 32 25.39%
Pseudomonas spp. 25 9.33% 8 6.35%
Staphylococcus spp. 31 11.57% 46 36.51%
Streptococcus spp. 93 34.70% 36 28.57%
Chi-square test done
Chi-square test done

Table (3) has tabulated the list of isolated
organisms responsible for CAP and VAP cases.
Streptococcus spp. was responsible for more
than one-third of the CAP (34.70%). Klebsiella.
was found in 22.76% of patients, and H.
Influenza was responsible for 17.17% of
cases.Staphylococcus spp., Pseudomonas spp.,
and E-Coli was responsible for 11.57%, 9.33%,

and 4.10% of cases, respectively, among CAP
patients.

Among VAP patients, Staphylococcus spp. was
responsible for 36.51% of cases. Streptococcus
spp. (28.57%,) and Klebsiella (25.39%) were
responsible for a significant number of VAP
cases. The other three organisms which were
present were Pseudomonas spp. (6.35%), E-Coli
(1.59%) and Acinetobacter (1.59%).

Table 4: Distribution of antibiotic susceptibility according to microorganism- CAP

tibiotic |Meropenelmipene Amikac [Ceftriaxo [PiperacillLevofloxa [Moxifloxa |Azithromy |Amoxicl |Cefuroxi
m m in ne in cin cin cin av me

Organism
Acinetobact |100% B _ _ B 100% 100% _ _ .
er
E-Coli 45.45% 160.00% 166.66% 28.57% 25% 81.82% [85.71% |18.18%  [18.18% [11.11%
H. 96.88% 90.24% [74.36% [62.16% [80.76% [70% 70.83% 23.68%  [56.25% #1.46%
Influenza
Klebsiella [89.65% [88.23% [89.80%41.37% 64.29% #6.43% |55.55% [35.08% 161.70% [13.72%
Pseudomona(100% 100% [100% [33.33% 95% 95% 100% 80% 12.50% [5.88%
S spp.
Staphylococ [92.85% [94.74% (79.17%|59.25% 163.16% [48.15% 125% 22.58%  $#3.48% R6.31%
cus spp-
Streptococc 92.21% [88.16% (70.67%163.95% [70.91% 67.95% [70.96% [38.15%  67.92% @#8.39%
us spp. %
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Table (4) illustrates the distribution of antibiotic
susceptibility of CAP patients according to
isolated microorganisms. Here, Acinetobacter
was 100% sensitive to Meropenem, Imipenem,
and levofloxacin. E-Coli was 85.71% sensitive
to Moxifloxacin, 81.82% to levofloxacin,
66.66% to Amikacin, and 60% to Imipenem. H.
Influenza shows sensitivity to Meropenem and
Imipenem in more than 90% of cases and

sensitive to Meropenem, Imipenem, and
Amikacin in around 90%of cases. Pseudomonas
sp. shows 100% sensitivity to Meropenem,
Imipenem, Amikacin, and Moxifloxacin, while
95% to Piperacillin and Levofloxacin.
Staphylococcus spp. was sensitive to Imipenem
in 94.74% cases, Meropenem in 92.85% cases,
and Amikacin in 79.17% cases. Streptococcus
spp. was 92.21% sensitive to Meropenem, 88.16

80.76% to Piperacillin and around 70% to % to Imipenem, and around 70.67% to
Levofloxacin Moxifloxacin. Klebsiella was Amikacin, Piperacillin, Levofloxacin.
Table 5: Distribution of antibiotic susceptibility according to microorganism- VAP
ntibiotic
Mero Amo | Cefu
pene | Imipe | Amika | Ceftri | Piperaci | Levofl | Moxifl | Azithro | xicla | roxi
Organism m nem cin axone | llin oxacin | oxacin | mycin | v me
Acinetobacter | 100% Resistant to all selected antibiotics
E-Coli
100% | 100% | B 100% | B 100% |
Klebsiella 5455 | 5455 | 28.57 | 26.66 1538 | 8.33
% % % % 30% 40% B 14.28% | % %
Pscudomonas 3333 66.66 33.33
SPP- 100% | 100% % % B 33.33% | %
Staphylococeu | g4 73 85.71 57.14 66.66
S SPP- % 100% | % 60% | 37.50% | % 100% | 30.43% | % 50%
Streptococeus | g g5 66.66 75.66 58.33
SPP- % 100% | % 88.23 | 70% % 75% | 22.22% | 90% | %
while approximately 75% to Levofloxacin and

Table (5) illustrates the distribution of antibiotic
susceptibility of CAP patients according to
isolated microorganisms. Here, Acinetobacter
was 100% resistant to all selected antibiotics. E-
Coli was 100% sensitive to Meropenem,
Amikacin, levofloxacin, and Amoxiclav. Around
55% of Klebsiella cases were sensitive to
Meropenem  and  Imipenem, 40% to
levofloxacin.Pseudomonas spp. Shows 100%
sensitivity to Meropenem, Imipenem, and
66.66% to levofloxacin.Staphylococcus spp. was
sensitive to Imipenem and Moxifloxacin in
100% cases, Meropenem in 94.73% cases, and
Amikacin in 85.71% cases.Streptococcus spp.
was 100% susceptible to Imipenem, around 90
% to Meropenem, Ceftriaxone, and Amoxiclav

Moxifloxacin.

Discussion

We have performed our study on “A
comparative cross-sectional study to compare
the isolated organism and their antibiotic
sensitivity ~ pattern  between ~ Community-
Acquired Pneumonia (CAP) and Ventilator-
Associated Pneumonia (VAP) in Intensive Care
Unit (ICU).” It was a comparative cross-
sectional analytic study. Retrospective data of
394 patients were included in this study from
hospital medical records. The primary objective
of this research was to identify the isolated
microorganisms responsible for CAP and VAP
in the intensive care unit (ICU). All patients
were diagnosed based on their clinical features,
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radiological findings, and sputum culture
sensitivity (CAP) or tracheal aspirate culture
sensitivity (VAP). Age, sex, pre-existing disease
factor, isolated organisms, and antibiotic
sensitivity pattern were documented as a
variable in the data collection sheet. We have
tabulated the result after collecting data and
compared it with that of other relevant studies.

The study of Haque M. included 378 patients
with CAP. CAP was diagnosed with intense
pneumonic infiltration in chest radiograph with
leastways two of the taking after indications:
fever, cough, and purulent sputum. The study
noted 36% of CAP was in the winter season. It
also demonstrates that the prevalence of CAP
was high within the elderly populace,
particularly among males, and most of the
patients had comorbidity. The utmost common
organism of CAP was the ACB(Acinetobacter)
complex;  gram-negative  bacteria = were
perceptive to ciprofloxacin, aminoglycosides,
and polymyxins.'® In our study, it was found that
the Prevalence of CAP is higher among male
patients (66.42%) and in the case of VAP
number of affected female patients was
significantly higher (62.5%). Both CAP and
VAP are higher among the 50-69 years age
group (CAP: 44.03%, VAP:33.89%).

According to the study of Mousa Elshamly et
al., which includes 54 patients with severe CAP,
demonstrate that the utmost isolated organism
was S. pneumoniae for CAP patients, and a
significantly higher mortality rate was detected
among the patients with comorbidities. In that
study, 51.85% of patients admitted with SCAP
had comorbidities, hypertension and diabetes
mellitus  (13%) were the foremost usual
comorbidities. Fever, cough, and dyspnea were
the most usual symptoms. Lobar consolidation
(63%) was the commonest chest radiograph
finding in patients with SCAP, followed by
pleural effusion (37%)'*. We foundin our study
that the most common organism responsible for
CAP was Streptococcus spp. (34.70%) and is
sensitive to Meropenem (92.21%), Imipenem
(88.16%), Amikacin (70.67%), Piperacillin
(70.91%), Moxifloxacin (70.96%), Levofloxacin
(67.95%), Amoxiclav  (67.92%), and
Ceftriaxone (63.95%).

Andrew P Walden et al. conducted a GenOsept
cohort study, which incorporates 1166 patients
conceded to 102 centers over 17 nations in
Europe with CAP, founds that most of the
patients (62%) had one or more comorbidities
especially cardiac and respiratory diseases. Most
of the patients (62%) had one or more
comorbidities especially cardiac and respiratory
diseases,76% of patients required mechanical
ventilation support on the day of affirmation,
with the number expanding to 84% during the
primary week of entry. The most frequent chest
x-ray finding was lobar consolidation, which
was seen in 43.7% of cases. The most
commonly detected organism (29%) was
Streptococcus pneumoniae, and no isolated
organism was detected in over a third of
patients'®>. In this research, it was found that
HTN was the most significant pre-existing
disease among both CAP (60.45%) and VAP
(55.55%) group patients, the second most
common comorbid disease was Diabetes
Mellitus (47.01% of CAP patients and 44.44%
of VAP patients). Patients who were suffering
from a pre-existing lung disease like COPD,
Bronchial Asthma, ILD, etc. was about 17%
among CAP patients and approximately around
20% among VAP patients. Patients with
multiple comorbid diseases like HTN and Dm
were 5.59% among CAP patients and 6.35%
among VAP patients.

Kalanuria AA et al. conducted their study on
VAP, including 51 isolated patients in the ICU.
The study reveals that 48 patients develop VAP,
in which male patients were dominant (66.7%).
The study also reveals early-onset VAP affects
19 % of patients, while late-onset VAP affects

81%, and the most common isolate was
Acinetobacter  sepsis  (66%), which had
100% resistance to Amikacin, cefotaxime,

ampicillin, ciprofloxacin, and cefepime. Just
8.8% of the patients were sensitive to Imipenem.
Pseudomonas spp. was the moment most
familiar causative agent with 100% resistance to
ceftazidime, gentamicin, and piperacillin'®. Our
study found that the most common causative
organism  responsible  for VAP  was
Staphylococcus spp. (36.51%) and it was
sensitive to Imipenem (100%), Moxifloxacin
(100%), Meropenem (94.73%), Amikacin
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(85.71%), Ceftriaxone (60%), Amoxiclav
(66.66%), Levofloxacin  (57.14%), and
Cefuroxime (50%).

The study of Selina F et al. incorporates 79
patients diagnosed with VAP. The study reveals
older people are more pronto develop VAP;
71.5% of the sample population were above 61
years of age. In 68.3% of cases, a single
organism was isolated, and Pseudomonas (35%)
was the most common organism responsible for
VAP. In this study death rate of VAP was
26.5%'®. In our research, it was found that the
mean age for VAP group patients was around 52
years, and the most common microorganism
responsible for VAP was Staphylococcus spp.

Conclusion

Pneumonia is still one of the most common
reasons for hospitalization, particularly for those
admitted to ICU. It has been observed in several
studies that the majority of the cases are
community-acquired pneumonia. Many
mechanically ventilated patients often develop
VAP, which is fatal if timely diagnosis and
appropriate antibiotics administration are not
made. Streptococcus spp. was the most common
organism  responsible for CAP, and
Staphylococcus spp. mainly was responsible for
VAP. This study compared with those of
international studies similarities found in
causative microorganisms and their antibiotic
sensitivity pattern.
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