
Letters in High Energy Physics 
ISSN: 2632-2714 

Volume 2024 
December 

 

 

7229 

A Comprehensive Examination and Meta-Analysis of Laboratory 

Methods for Ventilator-Associated Pneumonia Diagnosis 

 

1Priya M, 2Manjunathan K.S, 3Nishanthini Sengeetha K.S, 4Chukkala Venkatesh 

1 Assistant Professor, Pathology, Meenakshi Medical College Hospital and Research Institute, Enathur, 

Kanchipuram 

2 Assistant Professor, Ophthalmology, Meenakshi Medical College Hospital and Research Institute, Enathur, 

Kanchipuram 

3 Assistant Professor, Obstetrics & Gynecology, Meenakshi Medical College Hospital and Research Institute, 

Enathur, Kanchipuram 

4 Assistant Professor, Biochemistry, Meenakshi Medical College Hospital and Research Institute, Enathur, 

Kanchipuram 

Corresponding Author: Govinda Raju B.T, Assistant Professor, Radiodiagnosis, Meenakshi Medical College 

Hospital and Research Institute, Enathur, Kanchipuram 

 

ABSTRACT 

The risk of developing (VAP) is significantly increased for patients who are getting mechanical ventilation in 

hospitals. Whereas in the capacity of a result of this, it is absolutely necessary to obtain a precise diagnosis as 

quickly as possible in order to attain the most favorable possible outcomes within the treatment process. In the 

course of this investigation, a variety of laboratory procedures, were examined to determine the degree of precision 

with which they diagnose ventilator-associated pneumonia (VAP). The utilization of sophisticated statistical 

methods was utilized in both the analysis of studies and the evaluation of the diagnostic accuracy of laboratory 

data. Both of these processes were carried out. Multiplex polymerase chain reaction (PCR) was shown to be 

superior to culture methods and Gram's stain in terms of specificity (86%) and sensitivity (92%). In contrast, the 

Gram's stain showed that it had the lowest sensitivity (74.6%) and the highest specificity (78.9%). In contrast to 

the quantitative, semi-quantitative, enrichment culture results, the specificity was found to be lower (75.97%), 

while the sensitivity was found to be moderate (78.5%). According to the findings of a meta-analysis, the testing 

method that is based on multiplex PCR was discovered to be the most accurate diagnostic technique for VAP. 

Following closely behind were the methods of culture. A combination of multiplex PCR, culture, and Gram's 

stain, in addition to separate assays, was utilized in order to reach a higher level of sensitivity. When it comes to 

providing successful therapy, it is extremely necessary to make a diagnosis of VAP as quickly and accurately as 

possible. The multiplex polymerase chain reaction (PCR) continues to be the most accurate diagnostic procedure, 

despite the fact that there is the chance that it could be enhanced through combination diagnostic approaches. On 

the other hand, when it comes to improving and obtaining certification for VAP diagnostic instruments, extra 

study is required. 

Keywords: Infectious agents, microbiological culture, multiplex polymerase chain reaction, Gram's stain, and 

ventilator-associated pneumonia 
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INTRODUCTION 

It has been found that there is a significant 

correlation between ventilator-associated 

pneumonia and death. One of the potential results of 

this illness is respiratory failure, which can lead to 

sepsis and the failure of numerous organs. Other 

potential outcomes include failure of the respiratory 

system. There are two factors that have the potential 

to influence the mortality rate among people who 

have ventilator-associated pneumonia (VAP). These 

factors are the severity of the illness and the 

existence of co morbidities. Despite the fact that 

early detection is still difficult to obtain due to the 

lack of sophisticated diagnostic methods, this 

mortality rate can range anywhere from 13% to 

50%. A recent cost analysis carried out in the United 

States of America determined that the costs 

connected with VAP are $40,144 per specific 

instance. This is a major financial burden that is 

associated with VAP, which is associated with a 

significant financial burden. The cost of a VAP 

infection in India is estimated to be $5200 USD, 

with a confidence range ranging from $3245 to 

$7152. This estimate is based on what is known 

about the expense of the infection. This estimation 

is based on a probability that is estimated to be 95% 

accurate.  

                 The probability of developing ventilator-

associated pneumonia (VAP) might be increased by 

a variety of different circumstances. Patient 

characteristics, prolonged durations of artificial 

breathing and hospitalization, altered awareness, 

burns, pre-existing health issues, previous use of 

antibiotics, invasive procedures, and genetic 

polymorphisms are some of the variables that can 

contribute to the development of this condition. The 

clinical evaluation, which is also known as the 

examination of clinical symptoms, is a diagnostic 

tool that can be applied to diagnose (VAP). This is 

the nineteenth point on the list. Some of the 

symptoms that are connected with this disorder are 

purulent respiratory secretions, fever, leukocytosis, 

and increased oxygenation. Other symptoms include 

oxygenation of the blood.  

        The review of risk factors, which may include, 

among other things, the presence of co-morbidities, 

the utilization of mechanical ventilation on a 

continuous basis, and a history of antibiotic 

utilization, among other things. Imaging methods, 

such as chest X-rays, are utilized with the purpose 

of determining whether or not there is consolidation 

or infiltration of the lungs. This is accomplished by 

the utilization of imaging techniques. Because it 

provides images of the lungs that are more precise 

than those obtained through other imaging 

technologies, a computed tomography (CT) scan can 

be useful in separating pneumonia from other lung 

conditions. Blood culture is one of the many 

laboratory methods used with the purpose of 

determining whether or not there are germs present 

in the blood, which is an indication of a systemic 

illness.  

                           For the purpose of determining 

whether or not the blood contains germs, this 

procedure is carried out as well as through the 

culture of sputum, it is possible to determine the 

etiological agent that is responsible for the affected 

individual's condition. In the field of bronchoscope, 

a procedure that is utilized is called bronchoalveolar 

lavage, which is also referred to as BAL. In order to 

perform this method, a very small amount of sterile 

saline is injected into the lungs by the use of an 

appropriate needle. After that, collection of this 

saline is carried out for the goal of conducting 

additional analysis. As a consequence of this, the 

process of correctly identifying the specific 

pathogens that are accountable for the infection is 

simplified.This is done in order to determine 
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whether or not an infection is present.  

                                 When there is a higher count of 

colony-forming units (CFU), it indicates that there 

is a greater likelihood of (VAP). In the context of 

monitoring the presence of a wide variety of 

microorganisms and attempting to gain an 

understanding of the causes that contribute to 

chronic obstructive pulmonary disease (VAP), After 

an accurate diagnosis has been made, it is possible 

to put into action a treatment strategy that is tailored 

to the specific bacterial, viral, or fungal infections 

that are present. This is possible because of the 

progress that has been made in the diagnosis. All of 

the specimens that are cultured in a clinical 

microbiology laboratory are normally grown in an 

aerobic environment. On the other hand, routine 

investigations for rickettsial pathogens are carried 

out occasionally.  

 The second potential consequence of an incorrect 

diagnosis is that it may lead to the wrong 

prescription of antibiotics. This is due to the fact that 

various infections require different medications in 

order to be effective in treating patients. The process 

of delivering care to patients can become more 

difficult as a result of this, as there is a higher 

probability that the treatment will not be successful 

and that antibiotic resistance will develop. Patients 

are put at risk for new dangers, such as hospital-

acquired infections, when they remain in the 

hospital for an extended period of time, which is 

caused by a delayed diagnosis. This not only results 

in an increase in the expenditures connected with 

medical care, but it also puts patients at risk for 

additional dangers. It is possible that a delayed or 

incorrect diagnosis of venous aortic 

thromboembolism (VAP) could result in an increase 

in the already high morbidity and mortality 

associated with the illness. This would have a 

negative impact on the outcomes for patients.  

OBJECTIVE OF STUDY 

When it comes to diagnosing VAP, there is a 

scarcity of research that examines the various 

laboratory procedures and their cumulative use.  

MATERIALS AND METHODS 

we were able to evaluate the studies' quality and 

potential for bias. This enabled us to make a well-

informed choice. Additionally, we developed 

processes and utilized the resources at our disposal 

to generate and evaluate forest plots and summary 

receiving operating curves (SROC) for systematic 

and meta-analysis reviews using Review Manager 

Version 5.4.1. To ensure that we could appropriately 

assess the results of these reviews, this was done. 

The International Prospective Register of 

Systematic Reviews is where I registered the 

protocol I created. This happened after I had 

completed building the protocol.  

RESULTS: 

Figure 1 depicts the results of the search and 

selection process using the PRISMA flow chart. 

These findings are shown in the figure for your 

review. A combination of Pub Med and other 

sources yielded 154 papers, 83 of which underwent 

full-text screening. A total of 154 articles were 

discovered. Following this, 52 papers were 

examined and found to be appropriate for the 

systematic review, with 38 investigations included. 

Thirty of the 38 studies included research that 

reported on Gram's stain results (10 total), chest X-

ray (2 total), quantitative/semi-

quantitative/enrichment culture (6 total), and 

multiplex PCR (12 total). These studies were 

considered in the analysis. The meta-analysis 

contained thirty papers, however fifteen of them 

were excluded because they lacked a reference 

standard. The twenty-three papers that remained 

outstanding were included.  
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Study characteristics:  

Table 1 summarizes the features of the papers that were included. The review included all 38 published 

publications. 

 

Figure 1. PRISMA flow chart for the search and selection of various research articles 

Detailed findings of QUADAS-2 analysis Quality 

of included studies 

The quality of the studies that were considered for 

inclusion in the analysis was evaluated. 

Supplementary information-1 (SI-1), SI-2, and SI-3 

detailed the research that used classical culture, 

Gram's stain, and multiplex PCR. These studies 

raised questions about potential bias and their 

applicability. Separate presentations were made of 

the outcomes for the various methods. A small 

number of research were case-control 

investigations, which posed a significant risk of bias, 

in contrast to the majority of the studies that were 

cross-sectional. 

Patient selection domain 

Around 45% of the research were concerned about 

their findings' practicality, while 70% had a low risk 

of bias. Conversely, 45% of the studies showed a 

significant bias risk, while 10% showed an unclear 

bias risk. Concerns over the findings' potential 

relevance ranged from vague to extremely severe, 

with 10% expressing such fears. Just a small number 

of studies had issues with applicability and an 

unidentified danger of bias. There was a substantial 

possibility of bias in ten of the studies (45%) 

because they were case-control studies.  
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Index test domain 

 There was little to no worry 

about the research' relevance, and nearly half 

(almost 50%) had a low risk of bias. At the same 

time, there was substantial doubt over the studies' 

relevance, and over 30% of them had a high risk of 

bias. The potential for bias and applicability issues 

is unknown in very few studies. Because they used 

pre-specified threshold values and probably 

followed criteria for assessing test results while 

being blind to particular information, eleven of the 

studies had a minimum risk of bias.       Standards in 

their interpretation of the index tests or failed to use 

pre-specified threshold values. 

 

Figure 1. Summary ROC (Receiving operating curve) for a) Multiplex PCR efficiency, b) microbiological 

culture, c) Gram’s stain, d) Multiple tests analysis (Multiplex PCR, Gram’s stain & culture 

Meta-analysis and quantification of the test 

                      When compared to reference 

standards such as Gram's stain or multiplex PCR, the 

forest plot (SI-5) shows how semi-

quantitative/quantitative/enrichment culture 

performed. Compared to earlier investigations, three 

findings (44, 29, 52) show a wide range of 

sensitivity for semi-

quantitative/quantitative/enrichment cultures. 

According to the SI-5a forest plot, the probable 

sensitivity range is between 0.1852 and 1 [28]. 

Three studies in SI-5b found that semi-quantitative, 

quantitative, and enrichment cultures differed more 

in specificity than the others.45, 23, 52 With a 

specificity of 126 and a minimum of 0.444, the semi-

quantitative/quantitative/enrichment culture was the 

most selective in the SI-5b. that the sensitivity 

estimates for the multiplex PCR tests, which 

included 12 samples, varied from 0.5819 to 119, 28, 

40. The specificity levels were from 0.1415 and 

1.26, 28. Figure shows that the majority of research 

had sensitivity > 0.80 and specificity > 0.88.  

Summary ROC 

Using SROC (summary receiving operating curve), 

we analyzed previous studies that used a number of 

procedures; including Gram's stain, microbiological 

culture, and multiplex PCR-based molecular testing. 

The tests' effectiveness was shown by the SROC 

curve, which placed the most effective tests in the 

top left corner of the graph. The closeness of the 
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curve to the top left corner was considered while 

assessing the level of diagnostic accuracy. Because 

of how close they are, we may say that the curve is 

very sensitive and particular. A more precise 

diagnosis was achieved by extending the curve's 

distance from the top left corner.  

                   The SROC curve is one kind of graph 

that shows how a diagnostic test's sensitivity and 

specificity relate to one another. How likely it is that 

a test will indicate that a person has a given illness 

is what the term "sensitivity" refers to. The 

specificity of a test is defined as the likelihood that 

it will provide a negative result in the absence of the 

disease of interest. An indicator of a test's capacity 

to distinguish between disease-afflicted and non-

afflicted individuals is the area under the receiver 

operating characteristic curve (AUC).  

Generally speaking, the discrimination strength is 

proportional to the area under the curve (AUC). 

Figure 3 shows that the area under the curve (AUC) 

for multiplex PCR is 0.95, which is greater than the 

AUC for Gramme stain (0.87) and microbiological 

culture (0.89). As a result, multiplex PCR proves to 

be a superior tool for infection diagnosis than 

microbiological culture and Gramme stain. A more 

sensitive method than Gram stain or microbiological 

culture is the multiplex polymerase chain reaction 

(PCR). This indicates that the chances of accurately 

identifying infected individuals are higher. When 

compared to microbiological culture, Gramme stain 

isn't as specific, but multiplex PCR is. This provides 

more evidence that the possibility of falsely 

diagnosing healthy individuals as sick is lower.  

CONCLUSION 

The multiplex PCR test is the most accurate 

diagnostic test for VAP, according to our data, 

followed by culture techniques as the second most 

reliable diagnostic test. In addition, it appears that 

combining the Gram's stain, culture, and multiplex 

PCR testing results in a higher level of sensitivity 

when compared to utilising any of these tests on its 

own, independent of the method. Nevertheless, the 

Gram's staining technique that is now being used has 

a low level of precision, which indicates that there is 

a need for future research to develop ways that are 

both more quick and more targeted. These methods 

should be suitable for individual patients and should 

be able to be utilized in large-scale prevalence 

investigations of VAP. 
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