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ABSTRACT (298/300) 
Background: There is no clear guidance on empiric antibiotic coverage against 

Staphylococcus aureus (S. aureus) for hospital-acquired pneumonia (HAP) and 

ventilator-associated pneumonia (VAP).  

Objectives: To evaluate if the presence of clusters of Gram-positive cocci in Gram 

staining of respiratory samples predicts S. aureus as HAP/VAP pathogen.  

Data sources: MEDLINE, PubMed, Embase, Scielo, CINAHL and Scopus, from 

inception to 15/07/2017 (update on 31/10/2019) and original data from a single-centre 

database (PROSPERO: CRD42017072138). 

Study eligibility criteria: We included studies reporting the diagnostic accuracy of a 

Gram staining evaluation suggestive of Staphylococcus compared with a positive 

culture for S. aureus in any type of lower respiratory tract sample.  

Participants: Adult patients with HAP/VAP. 

Index test: Morphological evaluation of Gram staining of respiratory samples. 

Methods: We followed PRISMA guidelines and assessed risk of bias and applicability 

with the QUADAS-2 tool. We conducted a meta-analysis using a bivariate random 

effects model. 

Results: We selected five studies that included only VAP and data from a single-

centre database including VAP and HAP. We pooled six studies for VAP and analysed   

1,665 respiratory samples. Pooled sensitivity was 68% (95% CI, 49-83%) and 

specificity, 95% (95% CI, 86-98). The pooled positive likelihood ratio was 12.7 (95% 

CI, 5.1-31.6); negative likelihood ratio, 0.34 (95% CI, 0.20-0.57); diagnostic odds ratio, 

38 (95% CI, 13-106) and area under the SROC, 0.91 (95% CI, 0.88-0.93). There was 

great heterogeneity between sensitivity and specificity. In scenarios, in which 

prevalence of S. aureus was between 5 and 20%, the positive and negative predictive 

values were 62% (95% CI, 47-77%) and 95% (95% CI, 82-100%), respectively. 

Conclusions: Gram-positive cocci in clusters in respiratory samples of patients with 

VAP has potential to guide risk assessments of S. aureus for more personalised 

antibiotic coverage. Randomised clinical trials with patient-centred outcomes are 

needed for strong clinical recommendations.  
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INTRODUCTION 

The decision-making process regarding selection of empiric antimicrobial 

schemes for hospital-acquired infections is challenging. Factors associated with the 

patient (e.g. comorbidities and severity of infection), the clinician’s personal 

experience, as well as local, national and international consensus guidelines 

influence this decision.[1-3] Although some promising tools (e.g. rapid diagnostic 

methods) could support clinicians’ decision per empiric antimicrobial schemes,[4] 

application of such tools is far from regular. Delay in complete utilisation of these 

tools arises due to implementation and technical barriers, as well as a lack of clear 

validation and associated costs. [4-7] 

Hospital-acquired and ventilator-associated pneumonia – HAP and VAP – are 

two of the most common nosocomial infections associated with increased morbidity 

and healthcare costs.[1, 8] Early initiation of appropriate antibiotic therapy is a 

fundamental factor in improving outcomes in HAP/VAP, rendering the choice of 

empiric antibiotic a critical decision in clinical practice.[1, 8] Current 

recommendations and practices for selecting empiric antibiotics are based on two 

main decisions: 1) to cover Gram-negative bacteria with single or dual coverage and, 

2) to cover Gram-positive bacteria or not, to target the pathogen Staphylococcus 

aureus and, more particularly, methicillin-resistant Staphylococcus aureus 

(MRSA).[1, 2]  

Lower tract respiratory samples should be promptly collected upon clinical 

suspicion of HAP/VAP.[1, 3] Following the collection, a Gram stain evaluation is 

performed. This microbiological testing is the first result provided to clinicians that 

could impact decisions regarding antibiotic selection. In 2012, without the 

consideration of the microorganism morphology, a systematic review and meta-
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analysis showed reasonable performance of Gram staining in predicting a 

microbiological confirmation in VAP, with a pooled sensitivity and specificity of 79% 

75%, respectively, as well as a good summary receiver operating curve (SROC: 

0.874).[9] High negative predictive values (NPV) were also reported for a prevalence 

range commonly found in real life.[9] Despite the promising scenario, there is still 

debate on the use of Gram staining in HAP/VAP.[1, 3] One of the main barriers 

against its use is the moderate agreement between Gram staining and final cultures. 

Nevertheless, the binary evaluation of Gram staining is simplistic, as an exhaustive 

microscopic examination may provide more information than the absence/presence 

of bacteria, such as semi-quantitative culture results[10] or microorganism 

morphology,[11, 12] which can suggest a specific pathogen.[1, 10-13] 

Using respiratory sample culture as the reference standard, we performed a 

systematic review and meta-analysis to assess the diagnostic test accuracy of Gram 

staining suggestive of Staphylococcus morphology to diagnose staphylococcal 

pneumonia in patients suspected of HAP/VAP. As specified in our original protocol 

(CRD42017072138), we included original data from an ongoing cohort study from 

our centre in the systematic review,. 

 

 

METHODS 

Cross-sectional study (Original data) 

Study design and participants 

This study follows the Standards for Reporting Diagnostic accuracy studies 

(STARD) guidelines.[14] We analysed 488 patients from a prospectively collected 

cohort from six intensive care units (ICUs) in a tertiary teaching hospital in 
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Barcelona, Spain. As the aim of the current study was specified when patients had 

already undergone the index test (evaluation of Gram staining) and reference 

standard (respiratory sample culture), this is therefore a retrospective diagnostic 

cross-sectional study. 

We consecutively included the first episode of adult patients with clinical 

suspicion of HAP/VAP based on the following definition: new or progressive 

radiological pulmonary infiltrate together with at least two of the following: 

temperature >38ºC or <36ºC, leukocytosis >12,000/mm3 or leukopenia <4,000/mm3, 

or purulent respiratory secretions.[15, 16] The exclusion criterion was severe 

immunosuppression (neutropenia after chemotherapy or haematopoietic transplant, 

drug-induced immunosuppression in solid organ transplant or cytotoxic therapy, or 

HIV-related disorders). VAP was considered in patients with previous invasive 

mechanical ventilation for 48 hours or more, and HAP was defined in patients who 

developed pneumonia after 48 hours of hospitalisation and did not require invasive 

mechanical ventilation at pneumonia diagnosis.[16] The study was reviewed and 

approved by the institution’s Internal Review Board (Comité Ètic d’Investigació 

Clínica, registry number 2009/5427). 

 

Index test and reference standard  

The microbiologic evaluation applied in patients of our cohort has been 

described elsewhere.[15-17] Briefly, we collected at least one high-quality lower 

respiratory tract sample (sputum, endotracheal aspirates (EAT), bronchoalveolar 

lavage (BAL) or mini-BAL) at pneumonia diagnosis. We also cultured blood samples 

routinely and pleural fluid, when indicated. Microbial identification and antibiotic 

resistance category definitions were described elsewhere.[17]  
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Index test: evaluation of Gram staining is routinely done by trained staff in the 

microbiology laboratory at our institution using a rigorous standardised algorithm. 

The algorithm performs an initial evaluation of respiratory sample quality; those 

considered as low quality are neither interpreted nor cultured (i.e. inconclusive 

test).[18] Subsequently, evaluations of Gram staining focus on the presence or 

absence of Gram-negative or Gram-positive bacteria. In those with a presence of 

bacteria, there are two additional assessments: 1) semi-quantitative (i.e. rare, 

moderate, and predominant) and 2) microorganism morphology shape (e.g. 

diplococcus Gram-negative, Gram-positive suggestive of Streptococcus, Gram-

positive suggestive of Staphylococcus, etc.). The index test was defined as a Gram 

stain with the presence of microorganisms whose morphology shape is suggestive of 

Staphylococcus. 

Reference standard: A positive culture was defined when S. aureus growth 

was above the following threshold values: ≥105 CFU/mL for EAT and sputum, and 

≥104 CFU/mL for BAL and mini-BAL; or any count when the patient was receiving a 

new systemic antibiotic treatment before sampling.[17] 

The index test and reference standard were collected simultaneously upon 

HAP/VAP clinical diagnosis and evaluated in the same respiratory sample. Both 

index test and reference standard definitions were chosen before data collection. 

Clinical information was made available to those performing or reading the index 

test; however, they were blinded to reference standard results, as initial culture 

results appear always after sample collection (2 days on average). 

When evaluating the index test, we excluded both respiratory samples without 

evaluation of Gram staining (missing data) and those samples without quality that 

were considered indeterminate/inconclusive. There is no missing data or 
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indeterminate/inconclusive status for the reference standard. There is no a priori 

sample size estimation (convenience sample). 

  

Systematic review and meta-analysis 

We used the PRISMA and the Cochrane Handbook for Systematic Reviews of 

Diagnostic Test Accuracy for guidance.[19, 20] This systematic review was 

registered in the PROSPERO database (CRD42017072138). 

 

Search strategy and selection criteria 

We conducted a standardised search in electronic databases MEDLINE 

(through OVID), PubMed, Embase, Scielo, CINAHL and Scopus, from the beginning 

to 15/07/2017 (update on 31/10/2019). We conducted a standardised search, 

applying the PICO strategy (Patient/Population [P]; Intervention/Indicator[I]; 

Comparator/Control[C]; Outcome[O]), summarised in the following keywords: 

“hospital-acquired pneumonia”, “ventilator-associated pneumonia”; “Gram stain”, 

“microscopic examination”; “positive culture”, “Staphylococcal pneumonia”; 

“sensitivity”, “specificity”, “stewardship”, and their variants. A detailed description of 

the search strategy is in the supplementary file. We also searched reference lists 

from prior systematic reviews about diagnostic methods in HAP/VAP, selected full 

texts, citations of eligible manuscripts and personal collections. 

We included cross-sectional and case-control studies, reporting the diagnostic 

accuracy of Gram staining performed in any type of lower respiratory sample of adult 

patients with clinical suspicion of HAP/VAP. Specifically, in a concurrent respiratory 

sample, studies must report the diagnostic accuracy of evaluating Gram staining 

suggestive of Staphylococcus (i.e. Gram-positive bacteria in grape-like clusters), 
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when compared to a positive respiratory sample culture for S. aureus (both 

methicillin-sensitive Staphylococcus aureus – MSSA and MRSA). Patients could be 

taking systemic or nebulised antibiotics upon respiratory sample collection. There 

was no restriction to Gram staining and respiratory sample culture techniques, as 

they are standardised in most cases.  We considered index test and reference 

standard positives as defined by the authors. We excluded abstracts from 

conferences, editorials, case reports and non-peer-reviewed studies. Screening 

started based on titles/abstracts, followed by full-text reading of relevant 

manuscripts. Screening and selection were standardised, performed in duplicate 

(OTR and AM), and blinded; disagreements were resolved by consensus. 

 

Data extraction and quality assessment 

We developed a standardised form for data extraction, which was later 

performed in duplicate (OTR and AM). We extracted the original data to characterise 

included studies (year, country, HAP/VAP definition, eligibility criteria, index test and 

reference standard definitions, respiratory sample type and quality control) and 

calculated diagnostic accuracy with data from 2x2 tables. With a set maximum of 2 

attempts, we contacted authors by email concerning missing data. We used the 

QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies) tool for bias 

assessment, as suggested by Cochrane for systematic reviews of diagnostic 

accuracy.[21] QUADAS-2 assesses four potential areas for bias and applicability of 

the research question: (1) Patient selection; (2) Index test; (3) Reference standard; 

and (4) Flow and timing. We classified studies as high risk of bias if there was a 

potential risk of bias (i.e. unclear or high risk of bias in any of the four domains). 
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Statistical analysis 

. We used summary statistics to describe the population of our cross-sectional 

study. We reported the diagnostic accuracy (sensitivity, specificity, positive and 

negative likelihood ratios, positive and negative predictive values, and diagnostic 

odds ratio) for the presence of Gram staining suggestive of Staphylococcus 

morphology and a positive culture for S. aureus. We stratified the analysis by 

pneumonia and respiratory sample types. When two good-quality respiratory 

samples were available, we chose the sample collected at pneumonia diagnosis and 

preferred invasive to  non-invasive samples in the case that the latter two were 

collected. 

Additionally, we used the recommended modelling for meta-analysis of 

diagnostic accuracy, comprising a bivariate random effects model that 

simultaneously estimates sensitivity and specificity, and considers interdependence 

between the two. We had planned 3 sub-group analyses: 1) invasive vs non-invasive 

sampling; 2) HAP vs VAP; 3) studies with low vs potential risk of bias. However, due 

to the small number of studies, we did not perform such analyses. Similarly, for the 

same reason, we decided to meta-analyse only VAP patients a posteriori, as a single 

study (the cross-sectional data) had already included HAP patients. We conducted 

an exploratory sensitivity analysis excluding one study per time to evaluate any 

potential outlier. 

To evaluate potential clinical application while taking into account that positive 

and negative predictive values depend on prevalence, we calculated post-test 

probability after a positive or negative test. Post-test probability was based on pooled 

positive and negative likelihood ratios (i.e. a probability modifying plot). Additionally, 

we used the method suggested by Li et al. for simultaneous inference of positive and 
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negative predictive values across a range of plausible prevalence values.[22] The 

exploratory evaluation of potential clinical application holds the assumption that 

sensitivity and specificity values do not change with prevalence, which can be not 

true in some scenarios.[23] We chose a range of prevalence values compatible with 

clinical scenarios and within the range cited in the recommendations for S. aureus 

coverage of current HAP/VAP guidelines.[1, 2] We used the command midas (Meta-

analytical Integration of Diagnostic Accuracy Studies) in Stata for all meta-analytic 

process.[24] 

All analyses were conducted on Stata 13.1. 

 

RESULTS 

Cross-sectional study 

  Of 488 patients, 425 (87%) (157 HAP and 268 VAP) had Gram staining 

results (n=536 samples). We excluded 93 (17%) respiratory samples due to poor-

quality classification by Gram staining, as well as an additional 77 samples. The 

latter sampling was excluded, as these second samples were from the same 

patients. There were 366 remaining respiratory samples from 366 patients to be 

analysed (eFigure 1, STARD flowchart). Fifty-nine samples were collected by 

invasive sampling (BAL/mini-BAL) whereas 307, by non-invasive sampling (25 from 

sputum and 282 from EAT). General patient characteristics can be found in eTable 

1. Patients had a mean ± standard deviation (SD) age of 63±14 years, mean ± SD 

APACHE II and median [percentile 25th-75th ] SOFA scores at ICU admission of 17±7 

and 7 [5-10] points, respectively. The most common cause of admission was acute 

respiratory failure (29%), followed by postoperative monitoring (20%). Hospital length 

of stay and mortality were 39 [21-64] days and 143 (39%), respectively (eTable 1). 
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 Among the 366 respiratory samples, there were 191 (52%) samples with 

microbiological diagnosis. The most common pathogens were non-fermenting Gram-

negative bacteria (n=80/191, 42%), followed by S. aureus (n=54/191, 28%) and 

enteric Gram-negative enteric bacteria (n=50/191, 26%). Among S. aureus, there 

were 46 MSSA (n=46/191, 24%) and 8 MRSA (n=8/191, 4%) (eTable 2). 

  The diagnostic accuracy of a Gram stain suggestive of Staphylococcus 

morphology and a final culture for S. aureus is shown in Table 1. 

 

Systematic review and meta-analysis 

We found 3,153 references through databases search and added 83 from 

authors’ reference list. After excluding duplicates, we reviewed 2,380 references and 

excluded 2,193 based on title and abstract information. Finally, we reviewed 187 full-

text articles, with five articles fulfilling inclusion criteria (eFigure 2, PRISMA 

Flowchart). We contacted the authors of two studies for data clarification. 

 

Characteristics of included studies 

The characteristics of the five included studies [10, 11, 13, 25, 26] and the 

cross-sectional study are shown in Table 2. Invasive and non-invasive sampling 

were performed to obtain 1,792 respiratory samples (four studies included only 

EAT). Five studies included only VAP while one study included VAP and HAP. There 

was heterogeneity in inclusion criteria and gold standard reference for positive 

cultures (e.g. 3 studies used quantitative cultures; 2, semi-quantitative; and 1, 

qualitative). Only three studies reported quality control criteria for a lower respiratory 

tract sample. 
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Risk of bias and applicability 

Three studies had an overall low risk of bias, whereas the other three had 

high risk of bias due to unclear risk in certain domains: 1) Patient selection: studies 

selected consecutive patients and exclusion criteria likely had low risk of selection 

bias. Only in one study were patients with recent antibiotic use excluded; 2) Index 

test: Evaluation of Gram stain morphology followed standard protocols and by 

design, was conducted either before culture results or when the Gram reader was 

blinded to such results; 3) Reference standard: evaluation of culture results followed 

standard protocols. Two studies reported that evaluation of culture performed was 

blinded to Gram staining results. One study only reported a “qualitative” culture 

without further information; 4) Flow and timing: three studies excluded cases due to 

missing data for index test or reference standard. By design, the timing interval 

between index test and reference standard does not pose as a concern. Regarding 

applicability, four studies had low risk of concern, while two other studies had unclear 

risk as a result of missing defined clinical criteria for VAP (eTable 3, eFigure 3).  

 

Meta-analysis and pooled diagnostic performance 

The original crude data from the six articles are in eTable 4. When analysing 

VAP cases only (n=1,665 respiratory samples, excluded 127 samples from HAP 

patients), the pooled sensitivity was 68% (95% CI, 49-83%) and specificity, 95% 

(95% CI, 86-98): pooled positive likelihood ratio, 12.7 (95% CI, 5.1-31.6); negative 

likelihood ratio, 0.34 (95% CI, 0.20-0.57); diagnostic odds ratio, 38 (95% CI, 13-106) 

and SROC, 0.91 (95% CI, 0.88-0.93).   
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There was great heterogeneity among studies, as observed in the forest plot 

(Figure 1) and bivariate summary point within the ROC plane (Figure 2). The 

heterogeneity for sensitivity was remarkable, particularly in two studies (Ranzani et 

al and Gottesman et al); however, it was quantitatively less pronounced as it 

concerned specificity (Tetenta et al and Gottesman et al). Sensitivity analysis by 

exclusion of one study per time is in eTable 5 and showed consistent results. 

 

Scenarios of applicability in exploratory analysis 

In Figure 3, we show the expected post-test probability of a final positive 

culture of S. aureus, which a clinician might expect after performed Gram staining 

suggestive of S. aureus across a continuous pre-test risk. For example, for prior 

probabilities of 5, 15 and 25%, post-test probabilities of a positive test were 40, 69 

and 81%, respectively, and for a negative test 2, 6 and 10%, respectively. 

We simulated two different prevalence ranges of S. aureus to estimate 

summary positive and negative predictive values. For a uniform prior distribution of 

prevalence from 5 to 20%, positive and negative predictive values were 62% (95% 

CI, 46-77%) and 95% (95% CI, 82-100%), respectively. For a uniform prior 

distribution of prevalence between 20 to 40%, positive and negative predictive 

values were 87% (95% CI, 81-94%) and 84% (95% CI, 75-93%), respectively.  

 

DISCUSSION 

 We observed that an evaluation of Gram staining aiming to define the 

presence of organism morphology suggestive of S. aureus in respiratory samples 

has pooled sensitivity and specificity of 68% (95% CI, 49-83%) and 95% (95% CI, 

86-98%), respectively, with an SROC of 0.91 (95% CI, 0.88-0.93). Although limited 
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by observed heterogeneity, pooled positive and negative likelihood ratio values, as 

well as clinical applicability simulations suggested that evaluation of Gram staining 

for S. aureus seems useful in supporting clinicians´ decisions at the bedside. 

However, the incremental value of this test in comparison to Gram staining without 

morphological examination has yet to be investigated. 

  Clinicians face continuous challenges and pressure to select correct empiric 

antibiotic coverage during ICU rounds.[3, 27] While the decision has direct 

implication on patients´ prognoses, broad-spectrum empiric antibiotic use can 

increase the probability of side effects and place ecological pressure on antibiotic 

resistance.[1, 2, 27] Both international guidelines suggest empiric anti-

staphylococcus antibiotics in ICUs where S. aureus is common; nevertheless, 

consensus has not been reached on a risk factor or bedside tool that targets 

individualised, high-risk patients for MRSA infection.[1, 2] Herein, we propose the 

better use of evaluations of Gram staining in respiratory samples: the additional 

morphology evaluation is simple, and provides immediate results for the clinician.  

Empiric antibiotic choice is based on several inputs and as such, 

morphological evaluation of Gram staining is expected to not solely determine the 

decision as to whether or not an antibiotic scheme is to be introduced. Nevertheless, 

we argue that Gram staining morphology could be used to support the clinical 

decision-making process as it relates to empiric anti-staphylococcal antibiotics.[11] 

Diagnostic performance of Gram staining morphology becomes useful in scenarios 

where the prevalence of S. aureus is below 30%, as evidenced by the slopes on the 

probability-modifying plot (Figure 3). The high negative predictive value observed in 

the majority of scenarios is reassuring that for ICUs with low-to-moderate prevalence 

of S. aureus, Gram staining not suggestive of the presence of positive cocci in 



	
	

	 15	

cluster could help clinicians to rule out VAP caused by S. aureus (e.g. with a pre-test 

probability of 15%, the post-test probability of a negative test is about 6%). Other risk 

factors, as well as severity should nonetheless still be considered by attending 

clinicians. Additionally, the presence of Gram-positive cocci in clusters supports the 

introduction of an anti-staphylococcal antibiotic for ICUs with low prevalence, as 

exemplified by a pre-test probability of 5%, which rises to 40% after a positive test. 

This rationale has been applied to MRSA nasal colonisation, being a predictor of 

subsequent pneumonia caused by MRSA (a systematic review found a pooled 

sensitivity and specificity of 40.3% (95% CI, 17.4-68.4) and 93.7% (95% CI, 77.1-

98.4%for VAP), respectively.[28] Recent literature review on antibiotic stewardship 

suggests that a negative nasal screening test for MRSA could avoid unnecessary 

and costly antibiotics [28, 29];  however, no parallel conclusions with Gram stain 

morphology could be drawn as we had not data to support such a claim. Additionally, 

Gram staining could be an initial test to indicate respiratory samples, on which rapid 

molecular tests for MRSA could be performed. [4] This could, in exchange, enhance 

cost-effectiveness of the rapid diagnostic process. 

 A strength of our systematic review and meta-analysis is that we followed a 

registered protocol to work with standardised procedures for study screening, quality 

assessment, data extraction and statistical analysis. Additionally, we provided an 

evaluation of clinical applications of the pooled data, illustrating potential application 

of our results in clinical practice. Nevertheless, our review has limitations. First, we 

included three studies in our meta-analysis with a high risk of bias. Secondly, we 

could not explore potential factors associated with  observed heterogeneity due to 

small sample size and missing stratified data within each study.[20, 30] We did not 

estimate the statistical heterogeneity (I-square), as it is not recommended for 
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diagnostic systematic reviews.[20] We hypothesise that heterogeneity came from 1) 

Challenges in defining VAP and so VAP definition varied among studies as a 

result;[31] 2) Morphological evaluation of Gam staining requires standardisation and 

might be subject to a learning curve and personal experience effects; 3) The role of 

previous antibiotic use that can bias diagnostic accuracy in both directions, 

depending on the actual prevalence of S. aureus in the ICU; and 4) The prevalence 

of S. aureus, which varies according to case mix and geography. Thirdly, we 

excluded 72 studies that evaluated Gram staining in HAP/VAP but did not report 

morphology. This exclusion may represent publication bias for those performing 

evaluations of morphology, as these hospitals may have had better quality 

microbiologic laboratories. In our protocol, we pre-specified to include our original 

data that were peer-reviewed in the current submission as the aim of a systematic 

review is to gather all evidence available. We understand that not including it, as pre-

specified in the protocol, would be a source of publication bias. Finally, we have no 

data from randomised clinical trials assessing the impact of morphological 

evaluations of Gram staining on patient outcomes, costs and empiric antibiotic 

choices. Therefore, clinical applicability scenarios are theoretical and do not suffice 

to support strong recommendations for clinical practice. Another limitation of the 

morphological evaluation of Gram staining is that it is not able to differentiate 

between MSSA and MRSA. This is important, as differentiation between the two 

would hold direct clinical implication on empiric antibiotic choices. There is an 

ongoing multicentre clinical trial evaluating the protocol proposed by Yoshimura et al, 

a study included in our systematic review. [11] This trial aims to compare antibiotic 

prescriptions based on guidelines and Gram staining, including morphology 

evaluation.[32] 
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Gram staining morphology suggestive of Staphylococcus in respiratory 

samples of patients with VAP holds great potential in predicting VAP caused by S. 

aureus. Its use could provide information during clinical decision-making processes 

as it concerns empiric antibiotic coverage for VAP. Simulated clinical scenarios 

appear promising; however, randomised clinical trials with patient-centred outcomes 

are needed for strong recommendations in clinical practice. 
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Table 1. Diagnostic accuracy of Gram staining with presence of Gram-positive cocci in clusters, as compared 
with a positive final culture of Staphylococcus aureus 

 

Gram staining 
Prevalence 

of  
S. aureus 

Agreement 
(95% CI) 

Sensitivity 
(95% CI) 

Specificity 
(95% CI) 

PPV 
(95% 
CI) 

NPV 
(95% 
CI) 

LR+ 
(95% CI) 

LR- 
(95% CI) 

Diagnostic  
odds ratio 
(95% CI) 

          

Overall (n=366) 15% 90% 
(87-93) 

43% 
(29-57) 

98% 
(96-100) 

82% 
(63-94) 

91% 
(87-94) 

26.58 
(10.56-66.89) 

0.58 
(0.46-0.73) 

45.6 
(16.2-128.3) 

Pneumonia type          

HAP (n=127) 9% 93% 
(87-97) 

42% 
(15-72) 

98% 
(94-100) 

71% 
(29-96) 

94% 
(88-98) 

23.96 
(5.20-110.45) 

0.59 
(0.37-0.96) 

40.4 
(6.6-246.3) 

VAP (n=239) 18% 88% 
(84-92) 

43% 
(28-59) 

99% 
(96-100) 

86% 
(64-97) 

89% 
(84-93) 

28.14 
(8.68-91.22) 

0.58 
(0.45-0.75) 

48.5 
(13.3-176.9) 

Sampling method          

Non-invasive sampling (n=307) 15% 90% 
(86-93) 

39% 
(25-55) 

99% 
(96-100) 

82% 
(60-95) 

90% 
(86-93) 

25.53 
(9.05-72.03) 

0.62 
(0.49-0.78) 

41.3 
(13.1-130.6) 

Invasive sampling (n=59) 14% 94% 
(86-98) 

63% 
(25-92) 

98% 
(90-100) 

83% 
(36-100) 

94% 
(84-100) 

31.88 
(4.26-238.73) 

0.38 
(0.16-0.94) 

83.3 
(7.2-958.7) 

CI: confidence interval; HAP: hospital-acquired pneumonia; LR-: negative likelihood ratio; LR+: positive likelihood ratio; NPV: negative predictive value; PPV: positive 
predictive value; VAP: ventilator-associated pneumonia. 
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Table 2. Characteristics of studies included in the systematic review and meta-analysis 

Study  
ID 

Study, 
year Country HAP/ 

VAP 
Prevalence 

of 

S. aureus 

Inclusion Criteria 

Gold 
standard for 

the Gram 
stain 

evaluation 

Number 
of 

patients 
analysed 

Number of 
respiratory 

samples 
analysed 

Type of 
respiratory 

sample 

Quality control 
for the Gram 

stain 

1 Tetenta et 
al. 2011 USA VAP 37% 

Mechanically-
ventilated adult 

patients with VAP 
suspicion 

Semi-
quantitative 

culture 
NR 136 ETA 

<25 squamous 
epithelial cells 

/HPF 

2 
Dos 

Santos et 
al. 2013 

Brazil VAP 18% 
VAP with microbiologic 

confirmation 

ETA >105 log 
CFU/mL 

BAL >104 log 
CFU/mL 

406 406 

ETA 
(N=376) 
and BAL 
(N=30) 

NR 

3 Gottesman 
et al. 2014 Israel VAP 20% 

Clinically-defined VAP 
with no new antibiotic 

therapy within the 
previous 48h of VAP 

diagnosis 

Qualitative 
bacterial 
cultures 

114 101 ETA NR 

4 Perez et 
al. 2017 Brazil VAP 3% 

Mechanically-
ventilated adult 

patients with VAP 
suspicion 

ETA ≥106 log 
CFU/mL 

 
NR 652 ETA 

<10 squamous 
epithelial cells 

/LPF 

5 Yoshimura 
et al. 2017 Japan VAP 45% 

Mechanically 
ventilated patients for 

> 2 days, modified 
CPIS ≥ 5 and 1+ semi-

quantitative growth 

Semi-
quantitative 

culture 
 

131 131 ETA NR 

6 
Ranzani  

et al. 
2020 

Spain HAP/ 
VAP 

15% 
(HAP+VAP) 

18% (VAP) 

Clinically-defined 
HAP/VAP 

Sputum ≥105 

log CFU/mL 
ETA ≥105 log 

CFU/mL 
BAL ≥104 log 

CFU/mL 

366 366 Sputum, 
EAT, BAL 

<25 squamous 
epithelial cells 

/HPF 

BAL: bronchoalveolar lavage; CFU: colony-forming unit; ETA: endotracheal aspirate; HAP: hospital-acquired pneumonia; HPF: high power field; LPF: low power 
filed; NR: not reported, VAP: ventilator-associated pneumonia.
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FIGURE LEGENDS 
Figure 1. Forest plot of sensitivity and specificity for the presence of 

Staphylococcus aureus suggestive morphology on Gram stain and final culture 

of Staphylococcus aureus. 

Estimates from a bivariate random mixed model. CI: confidence interval. 

 

Figure 2. Summary receiver operating curve (SROC) for the presence of 

Staphylococcus aureus suggestive morphology on Gram stain and final culture 

of Staphylococcus aureus. 

SROC: Summary receiver operating curve; SENS: sensitivity; SPEC: specificity; AUC: area under the 

curve. Dashed line represents the 95% confidence contour.  

Study 1: Tetenta et al; Study 2: Dos Santos et al.; Study 3: Gottesman et al.; Study 4: Perez et al.; 

Study 5: Yoshimura et al.; Study 6: Ranzani et al. (original data from current manuscript). 

 

Figure 3. Probability-modifying plot of a positive or negative test. 

Posterior probabilities of final culture of Staphylococcus aureus after a positive (i.e., presence of 

Staphylococcus aureus suggestive morphology on Gram staining) or negative test for hypothetical prior 

probabilities according to Bayes theorem. The summary positive and negative likelihood ratios used to 

derive these curves were 12.7 (95% CI, 5.1-31.6) and 0.34 (95% CI, 0.20-0.57), respectively. Dashed 

black line indicates a positive test result, dashed line with dots indicate a negative result. This is an 

exploratory analysis and assumes that sensitivity and specificity are constant over different prevalence 

values. 

 



 

 
ELECTRONIC SUPPLEMENTARY MATERIAL 

 
Supplement to: Ranzani et al. Diagnostic accuracy of Gram staining when 

predicting Staphylococcal hospital-acquired pneumonia and ventilator-

associated pneumonia: a systematic review and meta-analysis 

 

  



 

 

 

Cross-sectional study 

  



eFigure 1 – Study flowchart 

	

  
  

488	patients	with	
clinically	defined	

HAP/VAP

63	patients	excluded	because	of	
not	index	test	available

425	patients	with	clinically	
defined	HAP/VAP	and	index	

test	available	(n=536	samples)

Index	test	positive
28	patients
28	samples		

Excluded
59	patients	excluded
93	samples	excluded	by	quality	criteria
77	samples	excluded	because	2nd sample	on	same	patient

Index	test	negative
312	patients
312	samples

Reference	standard
28	patients
28	samples

Reference	standard
312	patients
312	samples

Final	diagnosis
S.	aureus	present:	23	samples	
S.	aureus	absent:	5	samples

Final	diagnosis
S.	aureus	present:	31	samples	
S.	aureus	absent:		307	samples



eTable 1. Demographic characteristics of patients diagnosed with 
HAP/VAP at intensive care admission and at pneumonia diagnosis 

  Variables Overall (n=366) 

Age (years), mean (SD) 63 (14) 
Male sex, n (%) 259 (71%) 
APACHE II score – ICU admission, mean (SD) 17 (7) 
APACHE II score – HAP/VAP diagnosis, mean (SD) 16 (6) 
SOFA score,  ICU admission, median [p25-p75] 7 [5-10] 
SOFA score,  HAP/VAP diagnosis, median [p25-p75] 7 [5-10] 

HAP/VAP 
127 (35%) /  
239 (65%) 

Comorbidity, n (%)    
Chronic lung disease 113 (31%) 
Chronic heart disorders 128 (35%) 
Diabetes mellitus 78 (21%) 
Chronic liver disease 70 (19%) 
Solid cancer 60 (16%) 
Chronic renal failure 35 (10%) 

Cause of ICU admission, n (%)    
Acute respiratory failure 105 (29%) 
Postoperative 73 (20%) 
Decreased consciousness 49 (13%) 
Shock 41 (11%) 
Cardiac arrest 28 (7%) 
Multiple trauma 26 (7%) 
Nonsurgical abdominal disease 15 (4%) 
Acute coronary syndrome 12 (3%) 
Other 17 (5%) 

Upon pneumonia diagnosis  
Septic shock 174 (48%) 
PaO2/FiO2, mean (SD) 202 (91) 
Bilateral radiological involvement, n (%) 112 (31%) 
Pleural effusion, n (%) 125 (34%) 
White blood cell count, (109 cells/L), mean (SD) 13.9 (7) 
C-reactive protein (mg/L), mean (SD) 14.6 (10) 
Duration of hospitalization before pneumonia (day), median 

[p25-p75] 
9 [5-15] 

Outcomes  
ICU length of stay, median [p25-p75] 17 [11-29] 
Hospital length of stay, median [p25-p75] 39 [21-64] 
ICU mortality, n (%) 104 (28%) 
Hospital mortality, n (%) 143 (39%) 
ARDS: Acute respiratory distress syndrome, APACHE II: Acute Physiology 
and Chronic Health Evaluation, HAP: Hospital-acquired pneumonia ICU: 
Intensive care unit, SOFA score: Sequential Organ Failure Assessment, VAP: 
Ventilator-associated pneumonia. 

  



eTable 2. Pathogens from 366 respiratory samples 
 

  Variables Overall 
(n=443) Microbiologic defined 191 (52%) 

Polymicrobial 25 (7%) 
  
Staphylococcus aureus  

Among all 54/366 (15%) 
Among those with microbiologic definition 54/191 (28%) 

MRSA  
Among all 8/366 (2%) 
Among those with microbiologic definition 8/191 (4%) 
MSSA  

Among all 46/366 (13%) 
Among those with microbiologic definition 46/191 (24%) 

Non-fermenting Gram negative  
Among all 80/366 (22%) 
Among those with microbiologic definition 80/191 (42%) 

Enteric Gram negative  
Among all 50/366 (14%) 
Among those with microbiologic definition 50/191 (26%) 

Other pathogens  
Among all 18/366 (5%) 
Among those with microbiologic definition 18/191 (9%) 

 
MRSA: methicillin-resistant staphylococcus aureus 
MSSA: methicillin-sensitive staphylococcus aureus 

  



 

 

 

Systematic review and meta-analysis 

  



Detailed search strategy. Data from July/2017 search round 
 
MEDILINE (through OVID) (n=328) 

# Searches Results 
1 hospital acquired pneumonia.mp. 1034 
2 HAP.mp. 4139 

3 
ventilator associated pneumonia.mp. or exp Pneumonia, Ventilator-
Associated/ 

5174 

4 
exp Pneumonia, Ventilator-Associated/ or ventilator acquired 
pneumonia.mp. 

2817 

5 nosocomial pneumonia.mp. 2147 
6 nosocomial infection.mp. 5353 
7 hospital infection.mp. 1810 
8 bronchoalveolar lavage.mp. or exp Bronchoalveolar Lavage/ 36387 
9 bronchoscopic alveolar lavage.mp. 17 
10 BAL.mp. 13475 
11 Endotracheal aspirate.mp. 188 
12 EAT.mp. 16512 
13 tracheal aspiration procedure.mp. 1 
14 Tracheal aspirate.mp. 568 
15 Tracheobronchial aspirate.mp. 54 
16 TA.mp. 28011 
17 TBAS.mp. 557 
18 sputum.mp. or exp Sputum/ 34832 
19 protected specimen brush.mp. 249 
20 psb.mp. 779 
21 mini BAL.mp. or exp Bronchoalveolar Lavage Fluid/ 23544 
22 (HAP or VAP).af. 10649 

23 
1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 
or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 

140168 

24 gram stain*.mp. or exp "Staining and Labeling"/ 181587 
25 microscopic examination.mp. 19386 
26 gram stain*.af. 7221 
27 exp Microscopy/ or microscopy.mp. 744364 
28 24 or 25 or 26 or 27 913553 



29 positive culture.mp. 3621 

30 

(positive adj3 culture).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier, synonyms] 

19030 

31 culture positive.mp. 7661 

32 

(culture adj3 positive).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier, synonyms] 

19030 

33 
exp Staphylococcal Infections/ or exp Staphylococcus aureus/ or 
exp Methicillin-Resistant Staphylococcus aureus/ or aureus.mp. or 
exp Staphylococcus/ 

155210 

34 MRSA.mp. or exp Methicillin-Resistant Staphylococcus aureus/ 22670 
35 MSSA.mp. 2690 

36 

(methicillin susceptible staphylococcus aureus or methicillin 
sensitive staphylococcus aureus infection).mp. [mp=title, abstract, 
original title, name of substance word, subject heading word, 
keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier, synonyms] 

915 

37 
exp Staphylococcus aureus/ or exp Staphylococcal Infections/ or 
exp Methicillin-Resistant Staphylococcus aureus/ or exp 
Staphylococcus/ or staphyl*.mp. 

174160 

38 (aureus or MSSA or MRSA).af. 111075 
39 staphy*.mp. 172281 
40 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 194964 
41 sensitivity.mp. or exp "Sensitivity and Specificity"/ 1158932 
42 specificity.mp. or exp "Sensitivity and Specificity"/ 1129443 
43 antibiotic coverage.mp. 748 

44 

(antibiotic adj3 coverage).mp. [mp=title, abstract, original title, name 
of substance word, subject heading word, keyword heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier, synonyms] 

829 

45 antimicrobial coverage.mp. 145 

46 
(antimicrobial adj3 coverage).mp. [mp=title, abstract, original title, 
name of substance word, subject heading word, keyword heading 

165 



word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier, synonyms] 

47 stewardship.mp. 4013 
48 de-escalation.mp. 1071 
49 empiric.mp. 10807 
50 se.mp. 112892 
51 spe.mp. 9624 
52 (sensitivity or specificity).af. 1509835 
53 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 1794740 
61 23 and 28 and 40 and 53  328 
	
 

  



PUBMED (n=255) 
 

Entered terms: 

 

"hospital acquired pneumonia" OR hap OR "ventilator associated pneumonia" OR 

"ventilator acquired pneumonia" OR vap OR "nosocomial pneumonia" OR 

"nosocomial infection" OR "hospital infection" OR "bronchoalveolar lavage" OR 

"bronchoscopic alveolar lavage" OR bal OR "lung lavage" OR "Endotracheal 

aspirate" OR eat OR "Tracheal aspiration procedure" OR "Tracheal aspirate" OR ta 

OR "Tracheobronchial aspirate" OR tbas OR sputum OR "respiratory sample" OR 

“health care associated infection” OR “protected specimen brush” OR PSB OR “mini 

BAL”  

 

AND  

 

"gram stain" OR "gram staining" OR "Staining and labelling" OR "microscopic 

examination" OR microscopy AND "positive culture" OR "culture positive" OR aureus 

OR "Methicillin-resistant Staphylococcus aureus" OR mrsa OR "Methicillin-sensitive 

Staphylococcus aureus" OR mssa OR staphylococcus OR "Staphylococcal 

infections" OR "Staphylococcus aureus"  

 

AND   

 

sensitivity OR specificity OR "antibiotic coverage" OR "stewardship" OR "de-

escalation" OR "antimicrobial coverage" OR "empiric" OR Se OR Spe 

 

Final searched terms as per PUBMED algorithm 

 

"hospital acquired pneumonia"[All Fields] OR hap[All Fields] OR "ventilator 

associated pneumonia"[All Fields] OR "ventilator acquired pneumonia"[All Fields] OR 

vap[All Fields] OR "nosocomial pneumonia"[All Fields] OR "nosocomial infection"[All 

Fields] OR "hospital infection"[All Fields] OR "bronchoalveolar lavage"[All Fields] OR 

"bronchoscopic alveolar lavage"[All Fields] OR bal[All Fields] OR "lung lavage"[All 

Fields] OR "Endotracheal aspirate"[All Fields] OR eat[All Fields] OR 

(("trachea"[MeSH Terms] OR "trachea"[All Fields] OR "tracheal"[All Fields]) AND 

aspiration[All Fields] AND ("methods"[MeSH Terms] OR "methods"[All Fields] OR 

"procedure"[All Fields])) OR "Tracheal aspirate"[All Fields] OR ta[All Fields] OR 

"Tracheobronchial aspirate"[All Fields] OR tbas[All Fields] OR ("sputum"[MeSH 

Terms] OR "sputum"[All Fields]) OR "respiratory sample"[All Fields] OR "health care 

associated infection"[All Fields] OR "protected specimen brush"[All Fields] OR 

PSB[All Fields] OR "mini BAL"[All Fields]  

 

AND  

 



"gram stain"[All Fields] OR "gram staining"[All Fields] OR "Staining and labelling"[All 

Fields] OR "microscopic examination"[All Fields] OR ("microscopy"[MeSH Terms] 

OR "microscopy"[All Fields])  

 

AND  

 

"positive culture"[All Fields] OR "culture positive"[All Fields] OR aureus[All Fields] OR 

"Methicillin-resistant Staphylococcus aureus"[All Fields] OR ("methicillin-resistant 

staphylococcus aureus"[MeSH Terms] OR ("methicillin-resistant"[All Fields] AND 

"staphylococcus"[All Fields] AND "aureus"[All Fields]) OR "methicillin-resistant 

staphylococcus aureus"[All Fields] OR "mrsa"[All Fields]) OR "Methicillin-sensitive 

Staphylococcus aureus"[All Fields] OR mssa[All Fields] OR ("staphylococcus"[MeSH 

Terms] OR "staphylococcus"[All Fields]) OR "Staphylococcal infections"[All Fields] 

OR "Staphylococcus aureus"[All Fields] AND ("sensitivity and specificity"[MeSH 

Terms] OR ("sensitivity"[All Fields] AND "specificity"[All Fields]) OR "sensitivity and 

specificity"[All Fields] OR "sensitivity"[All Fields]) OR ("sensitivity and 

specificity"[MeSH Terms] OR ("sensitivity"[All Fields] AND "specificity"[All Fields]) 

OR "sensitivity and specificity"[All Fields] OR "specificity"[All Fields]) OR "antibiotic 

coverage"[All Fields] OR "stewardship"[All Fields] OR "de-escalation"[All Fields] OR 

"antimicrobial coverage"[All Fields] OR "empiric"[All Fields] OR 

("secretion"[Subheading] OR "secretion"[All Fields] OR "se"[All Fields]) OR Spe[All 

Fields] 

  



EMBASE (n=1235) 
 

'hospital acquired pneumonia' OR hap OR 'ventilator associated pneumonia' OR vap 

OR ventilator AND acquired AND pneumonia OR nosocomial AND pneumonia OR 

'hospital infection' OR 'lung lavage' OR bronchoalveolar AND lavage OR 

bronchoscopic AND alveolar AND lavage OR bal OR endotracheal AND aspirate OR 

eat OR 'tracheal aspiration procedure' OR tracheal AND aspirate OR ta OR 

tracheobronchial AND aspirate OR tbas OR sputum OR respiratory AND sample OR 

'hospital acquired pneumonia'/de OR 'ventilator associated pneumonia'/exp OR 

'hospital infection'/exp OR 'lung lavage'/exp OR 'tracheal aspiration procedure'/exp 

OR health AND care AND associated AND infection OR protected AND specimen 

AND brush OR psb OR mini AND bal  

 

AND  

 

'gram staining' OR 'gram staining'/exp OR gram AND stain OR staining OR 

'staining'/exp OR microscopy OR 'microscopy'/exp OR microscopic AND 

examination  

 

AND  

 

positive AND culture OR positive NEAR/3 culture OR culture AND positive OR 

culture NEAR/3 positive OR aureus OR staphylococcaceae OR 

'staphylococcaceae'/exp OR mrsa OR 'methicillin resistant staphylococcus aureus' 

OR 'methicillin resistant staphylococcus aureus'/exp OR mssa OR 'methicillin 

sensitive staphylococcus aureus infection' OR 'methicillin susceptible staphylococcus 

aureus' OR 'methicillin sensitive staphylococcus aureus infection'/exp OR 'methicillin 

susceptible staphylococcus aureus'/exp OR staphylococcus OR staphyl* OR 

'staphylococcus infection' OR 'staphylococcus infection'/exp OR 'staphylococcus 

aureus' OR 'staphylococcus aureus'/exp 

 

AND 

 

sensitivity OR 'sensitivity and specificity' OR 'sensitivity'/exp AND 'specificity'/exp OR 

specificity OR antibiotic AND coverage OR antimicrobial AND coverage OR antibiotic 

NEAR/3 coverage OR antimicrobial NEAR/3 coverage OR stewardship OR 'de 

escalation' OR empiric OR se OR spe  

  



SCIELO (n=147) 
 

hospital acquired pneumonia OR hap OR ventilator associated pneumonia OR 

ventilator acquired pneumonia OR vap OR nosocomial pneumonia OR nosocomial 

infection OR hospital infection OR bronchoalveolar lavage OR bronchoscopic 

alveolar lavage OR bal OR lung lavage OR Endotracheal aspirate OR eat OR 

Tracheal aspiration procedure OR Tracheal aspirate OR ta OR Tracheobronchial 

aspirate OR tbas OR sputum OR respiratory sample OR health care associated 

infection OR protected specimen brush OR psb OR mini BAL AND gram stain OR 

gram staining OR Staining and labelling OR microscopic examination OR 

microscopy AND positive culture OR culture positive OR aureus OR Methicillin-

resistant Staphylococcus aureus OR mrsa OR Methicillin-sensitive Staphylococcus 

aureus OR mssa OR staphylococcus OR Staphylococcal infections OR 

Staphylococcus aureus AND sensitivity OR specificity OR antibiotic coverage OR 

stewardship OR de-escalation OR antimicrobial coverage OR empiric OR se OR spe 

 

  



CINAHL (n=269) 
 

 

hospital acquired pneumonia OR hap OR ventilator associated pneumonia OR 

ventilator acquired pneumonia OR vap OR nosocomial pneumonia OR nosocomial 

infection OR hospital infection OR bronchoalveolar lavage OR bronchoscopic 

alveolar lavage OR bal OR lung lavage OR Endotracheal aspirate OR eat OR 

Tracheal aspiration procedure OR Tracheal aspirate OR ta OR Tracheobronchial 

aspirate OR tbas OR sputum OR respiratory sample OR health care associated 

infection OR protected specimen brush OR psb OR mini BAL  

AND gram stain OR gram staining OR Staining and labelling OR microscopic 

examination OR microscopy  

AND positive culture OR culture positive OR aureus OR Methicillin-resistant 

Staphylococcus aureus OR mrsa OR Methicillin-sensitive Staphylococcus aureus 

OR mssa OR staphylococcus OR Staphylococcal infections OR Staphylococcus 

aureus AND sensitivity OR specificity OR antibiotic coverage OR stewardship OR 

de-escalation OR antimicrobial coverage OR empiric OR se OR spe 

 

 

TX ( "hospital acquired pneumonia" OR HAP OR "ventilator associated pneumonia" 

OR "ventilator acquired pneumonia" OR VAP OR "nosocomial pneumonia" OR 

"nosocomial infection" OR "bronchoalveolar lavage" OR "bronchoscopic alveolar 

lavage" OR BAL OR "Endotracheal aspirate" OR EAT OR "Tracheal aspirate" OR TA 

OR "Tracheobronchial aspirate" OR TBAS OR Sputum OR “respiratory sample” ) 

AND TX ( "gram stain" OR "gram staining" OR "Staining and labelling" OR 

"microscopic examination" ) AND TX ( "positive culture" OR "culture positive" OR 

aureus OR “Methicillin-resistant Staphylococcus aureus“ OR MRSA OR “Methicillin-

sensitive Staphylococcus aureus“ OR MSSA OR Staphylococcus OR 

“Staphylococcal infections” OR “Staphylococcus aureus” ) AND TX ( Sensitivity OR 

Specificity OR "antibiotic coverage" OR "stewardship" OR "de-escalation" OR 

"antimicrobial coverage" OR "empiric" ) 



SCOPUS (n=919) 
 

 ALL   "hospital acquired pneumonia"  OR  hap  OR  "ventilator associated 

pneumonia"  OR  "ventilator acquired pneumonia"  OR  vap  OR  "nosocomial 

pneumonia"  OR  "nosocomial infection"  OR  "hospital 

infection"  OR  "bronchoalveolar lavage"  OR  "bronchoscopic alveolar 

lavage"  OR  bal  OR  "lung lavage"  OR  "Endotracheal 

aspirate"  OR  eat  OR  "Tracheal aspiration procedure"  OR  "Tracheal 

aspirate"  OR  ta  OR  "Tracheobronchial 

aspirate"  OR  tbas  OR  sputum  OR  "respiratory sample"  OR  "health care 

associated infection"  OR  "protected specimen brush"  OR  psb  OR  "mini 

BAL"     AND   ALL   "gram stain"  OR  "gram staining"  OR  "Staining and 

labelling"  OR  "microscopic examination"     AND   ALL   "positive 

culture"  OR  "culture positive"  OR  aureus  OR  "Methicillin-resistant 

Staphylococcus aureus"  OR  mrsa  OR  "Methicillin-sensitive Staphylococcus 

aureus"  OR  mssa  OR  staphylococcus  OR  "Staphylococcal 

infections"  OR  "Staphylococcus 

aureus"     AND   ALL   sensitivity  OR  specificity  OR  "antibiotic 

coverage"  OR  "stewardship"  OR  "de-escalation"  OR  "antimicrobial 

coverage"  OR  "empiric"  OR  se  OR  spe     

  



 

eFigure 2. PRISMA Flowchart 
 
 

PRISMA 2009 Flow Diagram 
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Records identified through 
database searching 

(n = 3,153) 

Additional records identified 
through other sources 

(n = 83) 

Records after duplicates removed 
(n = 3,236) 

Records screened 
(n = 2,380) 

Records excluded 
(n = 2,193) 

Full-text articles 
assessed for eligibility 

(n = 187) 
	
d	

Full-text articles excluded  
(n = 182) 

 
Reasons for exclusion: 
27 abstracts 
5 not access to full texts 
9 reviews 
14 not HAP/VAP 
53 not reported Gram accuracy 
72 not reported Gram morphology 
1 incomplete data 
1 re-analysis on included article 

	
	
	
	
	
	

Studies included in 
qualitative synthesis 

(n = 5*) 

Studies included in 
quantitative synthesis 

(meta-analysis) 
(n = 5*) 

* 5 articles from the systematic review plus the original study reported simultaneously 

From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA 
Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097 

 
For	more	information,	visit	www.prisma-statement.org.	

	



eTable 3. Risk of bias evaluated by the QUADAS-2 tool. 
 
Original guide from QUADAS-2 
 

Domain Patient selection Index Test 
Reference 
Standard 

Flow and Timing 

Description 

Describe methods 
of patient selection 
Describe included 
patients (previous 
testing, 
presentation, 
intended use of 
index test, and 
setting) 

Describe the 
index test and 
how it was 
conducted and 
interpreted 

Describe the 
reference 

standard and 
how it was 

conducted and 
interpreted 

Describe any patients 
who did not receive the 
index tests or reference 
standard or who were 
excluded from the 2  2 
table (refer to flow 
diagram) Describe the 
interval and any 
interventions between 
index tests and the 
reference standard 

Signaling questions 
(yes/no/unclear) 

1) Was a 
consecutiv
e or 
random 
sample of 
patients 
enrolled? 

2) Was a 
case–
control 
design 
avoided?  

3) Did the 
study 
avoid 
inappropri
ate 
exclusions
? 

1) Were the 
index 
test 
results 
interpret
ed 
without 
knowled
ge of the 
results of 
the 
referenc
e 
standard
?  

2) If a 
threshold 
was 
used, 
was it 
prespecif
ied? 

1) Is the 
referenc
e 
standard 
likely to 
correctly 
classify 
the 
target 
condition
?  

2) Were the 
referenc
e 
standard 
results 
interpret
ed 
without 
knowled
ge of the 
results of 
the index 
test? 

1) Was there an 
appropriate 
interval 
between index 
tests and 
reference 
standard?  

2) Did all patients 
receive a 
reference 
standard?  

3) Did all patients 
receive the 
same reference 
standard?  

4) Were all 
patients 
included in the 
analysis? 

Risk of bias:  

High/low/unclear 

Could the 
selection of 
patients have 
introduced bias? 

Could the 
conduct or 
interpretation of 
the index test 
have introduced 
bias? 

Could the 
reference 
standard, its 
conduct, or its 
interpretation 
have introduced 
bias? 

Could the patient flow 
have introduced bias? 

Concerns regarding 
applicability: 
High/low/unclear 

Are there concerns 
that the included 
patients do not 
match the review 
question? 

Are there 
concerns that the 
index test, its 
conduct, or its 
interpretation 
differ from the 
review question? 

Are there 
concerns that the 
target condition 
as defined by the 
reference 
standard does 
not match the 
review question? 

- 

  



Study 1: Tetenta et al. 2011 
 

Domain Patient selection Index Test 
Reference 
Standard 

Flow and Timing 

Summary description of 
the study 

All tracheal 
aspirates from 
adult patients 
submitted for 
culture and 

sensitivity testing 
to the microbiology 

laboratory of our 
university teaching 
hospital between 1 
April 2008 and 31 

October 2008 were 
eligible to be 

studied.  
Not prior testing for 
patient selection. 

All samples were 
Gram stained by 
the microbiology 
technicians and 
were saved for 

subsequent 
examination by 

the two 
investigators 

under oil 
immersion 

(1000x), using a 
standard light 
microscope. 

Gram positive 
cocci that were in 
clusters and that 
were relatively 

large as compared 
to Gram posi- tive 

cocci found in 
pairs or chains 

were considered 
as representing 
staphylococcal 

species.  

The investigators 
were blinded to 

the interpretation 
recorded by the 
micro- biology 

staff. 

The 
interpretation of 
the slides was 
then correlated 
to the culture 
results of the 

same samples, 
as determined 

by standard 
microbio- logic 

techniques. 
Reported 

culture results 
included 
standard 

semiquantitative 
estimates of the 

number of 
organisms seen 

(rare, small, 
moderate, 

large).  

Excluded patients with 
low quality sample from 

the lower respiratory tract 
and some cases 

discarded inadvertently. 

Time interval not 
applicable (test and 
reference on same 

sample) 

Answer to each signaling 
question  

1) Yes 
2) Yes 
3) Yes 

1) Yes 
2) NA 

1) Yes 
2) Yes 

1) Yes 
2) Yes 
3) Yes 

4) No (12 
exclusions, 

8.1%) 

Risk of bias Low Low Low 
Low (Small proportion of 

exclusion because of 
quality) 

Concerns regarding 
applicability 

Unclear. Patients 
had clinical 

suspicion of VAP, 
but there is no 
mention to an 

specific criteria 
definition 

Low Low - 

  



Study 2: Dos Santos et al. 2013 
 
Domain Patient selection Index Test Reference Standard Flow and Timing 

Summary description of 
the study 

Not prior testing for 
patient selection.  

From May 2006 to 
December 2010 we 

prospectively 
evaluated 406 cases 

of microbiologic 
confirmed cases of 

VAP.  

Gram staining 
with 

morphological 
evaluation. Not 
reported how it 
was conducted. 

Standard culture for 
bacteria. 

Endo- tracheal aspirate 
(cutoff for positivity of 

10
5
 colony-forming units 

[CFU]/mL), and bron- 
choalveolar lavage 

(cutoff for positivity of 
10

4
 CFU/mL).  

 

No exclusions. 
Time interval not 

applicable (test and 
reference on same 

sample) 

Answer to each signaling 
question  

1) Yes 
2) Yes 
3) Yes 

1) Yes 
2) NA 

1) Yes 
2) Unclear (about 
the previous 
knowledge of test) 

1) Yes 
2) Yes 
3) Yes 
4) Yes 

Risk of bias Low Low 

Low (S. aureus is a 
pathogen always 

searched for and easily 
identifiable, so we 

believe low risk of bias 
if the index test was 

known) 

Low 

Concerns regarding 
applicability 

Low Low Low - 

 
 
 
 
 

  



Study 3: Gottesman et al. 2014 
 

Domain Patient selection Index Test 
Reference 
Standard 

Flow and Timing 

Summary description 
of the study 

Not prior testing for 
patient selection. 
Patients selected 

prospectively. 
Only patients whose 

antibiotic therapy was 
not started/changed in 
the 48 hours prior to 
VAP diagnosis were 

included.  

Gram staining with 
morphological 

evaluation 

Gram stains were 
performed on all 
specimens using 

the usual 
technique. 

Standard culture for 
bacteria. 

Lower airway 
secretions for 

qualitative bacterial 
cultures were 

obtained by deep 
endotracheal 

aspiration with a 
sterile suction 
catheter and 
suction trap. 

Organisms 
recovered were 

identified and their 
susceptibility was 

tested using 
standard 

techniques. 

Commercial system 
(VITEK 2; 

bioMérieux, Marcy 
l'Etoile, France) 

was used for 
identification and 

susceptibility.  

14 samples were excluded 
because of missing culture. 
Time interval not applicable 
(test and reference on same 

sample) 

Answer to each 
signaling question  

1) Yes 
2) Yes 
3) Unclear 

1) Yes 
2) NA 

1) Yes 
2) Unclear 

(about the 
previous 
knowledge 
of test) 

1) Yes 
2) No 
3) Yes 
4) No (14 

exclusions,12.2%) 

Risk of bias 

Unclear, because 
exclusion of patients 
with antibiotic could 

overestimate accuracy 
of the index test, but 

not clear if the 
antibiotics used in 

excluded patients cover 
S. aureus 

Low 

Unclear (No 
description about 
how qualitative 

culture was 
evaluated. S. 
aureus is a 

pathogen always 
searched for and 
easily identifiable, 
so we believe low 
risk of bias if the 
index test was 

known) 

Unclear (exclusion of 
samples because of missing 
reference standard without 

additional information, so we 
can’t rule out potential bias) 

Concerns regarding 
applicability 

Low Low Low - 

 
 

  



Study 4: Perez et al. 2017 
 

Domain Patient selection Index Test 
Reference 
Standard 

Flow and Timing 

Summary description of the 
study 

Not prior testing for 
patient selection. 
Patients selected 

prospectively. 

Endotracheal 
aspirates were 
consecutively 

recovered from 
mechanically 

ventilated patients in 
an adult ICU in a 
tertiary hospital of 

Porto Alegre, 
southern Brazil, 

between January 1 
and October 3, 2016.  

Gram staining 
with 

morphological 
evaluation. 

Smears were 
stained with 

Gram stain and 
were then 
cultured 

quantitatively. 

Standard culture 
for bacteria. 

Also, micro- 
organisms 

presenting growth 
≥106 colony 
forming units 

(CFU) per milliliter 
of sample plated 

were considered a 
positive culture. 

Results from 
microscopy and 

culture were 
obtained indepen- 
dently and carried 

out by double-
blind analysis.  

52 exclusions because 
of quality control and 13 

patients excluded 
because of culture 

yielded non-pathogenic 
microorganisms. 
Time interval not 

applicable (test and 
reference on same 

sample) 

Answer to each signaling 
question  

1) Yes 
2) Yes 
3) Yes 

1) Yes 
2) NA 

1) Yes 
2) Yes 

1) Yes 
2) Yes 
3) Yes 
4) No, 65 

expected 
exclusions 
because of 
quality control 
(7.3%) and 
culture results 
(1.2%)  

Risk of bias Low 
Low Low 

Low (Small proportion 
of exclusion because of 

quality, and this 
exclusion is explained 
almost in total by the 

sampling method rather 
than by the potential 
pathogen, patients 
characteristics or 

index/reference results 
and culture results; 

other excluded because 
of culture results, that is 

part of the inclusion 
criteria for microbiologic 

confirmed VAP) 

Concerns regarding 
applicability 

Unclear. Patients had 
clinical suspicion of 
VAP, but there is no 

mention to an 
specific criteria 

definition 

Low Low - 

  



Study 5: Yoshimura et al. 2017 
 

Domain Patient selection Index Test 
Reference 
Standard 

Flow and Timing 

Summary description of 
the study 

Not prior testing 
for patient 
selection.  

Every patient 
admitted to our 
ICU during the 

study period was 
considered for the 
study if receiving 

mechanical 
ventilation for 

more than 2 days.  

Exclusion of 50 
patients with 
CPIS<5 and 

negative culture is 
part of the VAP 
definition, the 

inclusion criteria, 
therefore not 
influencing 

internal validity.  

Gram staining with 
morphological 

evaluation. 

Gram stain was 
performed by the 

Favor method: 
heat-fixed smears 

on slides were 
flooded with 0.2% 
Victoria blue for 30 
s and then washed 

with tap water; 
smears were 

decolourized with 
2% Picric Acid 

ethanol; cells were 
counterstained 

with 0.004% 
Fuchsin for 30 s 
and then washed 

with tap water. 
Residents trained 

in this method 
performed a Gram 
stain as soon as 
possible after the 

respiratory sample 
was collected.  

 

Standard culture for 
bacteria. 

Semi-quantitative 
growth of a 
respiratory 

pathogen using a 
respiratory sample 
was estimated to 

be at least 1+  
 

Excluded 29 patients 
for missing data on 

Gram stain or culture 
results. 

Time interval not 
applicable (test and 
reference on same 

sample) 

Answer to each signaling 
question  

1) Yes 
2) Yes 
3) Yes 

1) Yes 
2) NA 

1) Yes 
2) Unclear 

(about the 
previous 
knowledge 
of test) 

1) Yes 
2) Yes 
3) Yes 
4) No, excluded 

29 patients 
(18.1%) for 
missing data 

Risk of bias Low 
Low 

Low (S. aureus is a 
pathogen always 
searched for and 
easily identifiable, 
so we believe low 
risk of bias if the 
index test was 

known) 

Unclear (exclusion of 
patients because of 
missing data without 

additional information. 
We can’t rule out 

potential bias if the 
factors related to 
missing were also 
associated with S. 

aureus or other index 
test/reference 

standard results 
performance) 

Concerns regarding 
applicability 

Low Low Low - 

 
  



Study 6: Ranzani et al. 2020 (current study) 
 

Domain Patient selection Index Test 
Reference 
Standard 

Flow and Timing 

Summary description of 
the study 

Not prior testing for 
patient selection. 

HAP/VAP patients 
selected prospectively. 

Excluded 
immunosuppressed 

patients.  

Gram staining 
with 

morphological 
evaluation. 

 

Standard culture for 
bacteria. 

Microbiologic 
diagnosis was 

defined as detection 
of at least one 

potentially 
pathogenic 

microorganism. A 
positive culture was 

defined when 
bacterial growth was 
above the following 
threshold values: 
≥10

5
 CFU/mL for 

EAT and sputum 
and ≥10

4 
CFU/mL 

for BAL and mini-
BAL; or any count 
when the patient 

was receiving a new 
systemic antibiotic 
treatment before 

sampling. 

Excluded 63 patients 
because of missing index 
test, 93 samples with low 
quality sample from the 

lower respiratory tract and 
77 because of two samples 

on the same patient.  
Time interval not applicable 
(text and reference on same 

sample) 

Answer to each signaling 
question  

1) Yes 
2) Yes 
3) Yes 

1) Yes 
2) NA 

1) Yes 
2) No 

1) Yes 
2) Yes 
3) Yes 
4) No, excluded 93 

samples (17.4%) for 
low quality 

Risk of bias 
Low Low 

Low (S. aureus is a 
pathogen always 
searched for and 
easily identifiable, 
so we believe low 
risk of bias if the 
index test was 

known) 

Unclear (exclusion of 
patients because of not 

having index test. We can’t 
rule out potential bias if the 
factors related to missing 

were also associated with S. 
aureus or other index 

test/reference standard 
results performance. 
Exclusion of samples 

because of low quality is a 
quality control, and this 
exclusion is explained 
almost in total by the 

sampling method rather than 
by the potential pathogen, 
patients characteristics or 
index/reference results) 

Concerns regarding 
applicability 

Low Low Low - 

 



 
eFigure 3. Risk of bias and applicability concerns as by QUADAS-2 
 

 

 
 

Study Risk	of	bias Applicability	concerns

Patient	
selection

Index	
test

Reference	
standard

Flow	
and	

Timing

Patient	
selection

Index	
test

Reference	
standard

1 Tetenta et	al.	2011

2 Dos	Santos	et	al.	2013

3 Gottesman	et	al.	2014

4 Perez	et	al.	2017

5 Yoshimura	et	al.	2017

6 Ranzani et	al. 2020

?

?? ?
?

?
?

Character Risk
Low	risk
Unclear	risk
High	 risk

?



eTable 4. Original full data 
 

 Considering HAP and VAP 
 

 
Study, year TP FP TN FN 

Tetenta et al. 2011 34 24 62 16 
Dos Santos et al. 2013 51 12 321 22 
Gottesman et al. 2014 7 2 79 13 

Perez et al. 2017 18 18 615 1 
Yoshimura et al. 2017 50 14 58 9 
Ranzani et al. 2020 23 5 307 31 

 
 
 Considering only VAP (meta-analyzed) 
 

Study, year TP FP TN FN 
Tetenta et al. 2011 34 24 62 16 

Dos Santos et al. 2013 51 12 321 22 
Gottesman et al. 2014 7 2 79 13 

Perez et al. 2017 18 18 615 1 
Yoshimura et al. 2017 50 14 58 9 
Ranzani et al. 2020 18 3 194 24 

 
 
 



 
eTable 5. Sensitivity analysis of the meta-analysis excluding 1 study per time 

 

Studies included Sensitivity 

(95% CI) 

Specificity 

(95% CI) 

LR+ 

(95% CI) 

LR- 

(95% CI) 

Diagnostic  
odds ratio 

(95% CI) 
All (main analysis)  68% (49-83%) 95% (86-98%) 12.7 (5.1-31.6) 0.34 (0.20-0.57) 38 (13-106) 
Excluded study 1 Tetenta et al. 2011 68% (45-85%) 96% (91-99%) 19.0 (8.7-41.1) 0.33 (0.18-0.62) 57 (24-138) 
Excluded study 2 Dos Santos et al. 2013 68% (44-85%) 94% (82-98%) 11.6 (4.0-34.1) 0.34 (0.18-0.65) 34 (10-121) 
Excluded study 3 Gottesman et al. 2014 73% (56-86%) 94% (83-98%) 11.5 (4.2-31.9) 0.28 (0.16-0.50) 40 (12-131) 
Excluded study 4 Perez et al. 2017 63% (45-78%) 94% (82-98%) 10.4 (3.9-27.8) 0.39 (0.26-0.59) 26 (11-64) 
Excluded study 5 Yoshimura et al. 2017 64% (43-81%) 96% (89-99%) 15.5 (5.6-42.8) 0.38 (0.22-0.65) 41 (12-141) 
Excluded study 6 Ranzani et al. 2020 73% (53-87%) 93% (82-97%) 10.4 (4.0-27.4) 0.29 (0.15-0.54) 36 (10-127) 


