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Abstract 
Background: Rapid and accurate Gram stain interpretation of positively flagged blood culture broths is essential for early 
identification of bloodstream infections and timely initiation of empirical therapy. However, artifacts caused by resin and 
charcoal particles in culture media can compromise diagnostic clarity. This study evaluates and compares four smear 
preparation methods-conventional, water wash, blood film, and drop and rest-for optimizing Gram stain interpretation. 
Methods: A prospective study was conducted on 100 positively flagged blood culture bottles. Each sample was used to prepare 
smears using all four techniques- conventional, water wash, blood film and drop & rest method. These were evaluated for 
agreement with the final culture-based Gram stain results. Interfering resin/charcoal particles were graded on a standardized 
scale. Kappa (κ) statistics were applied to assess concordance. 
Results: Among 100 samples, the blood film method showed the highest agreement with culture smears (63 samples, κ = 
0.26), followed by conventional (62, κ = 0.24), drop and rest (61, κ = 0.22), and water wash (59, κ = 0.18). Gram-positive cocci 
in pairs and Gram-negative bacilli were most accurately detected using the blood film method (10 and 17 samples, 
respectively). Heavy resin/charcoal deposits were most common with water wash (41 samples) and least with blood film (6 
samples). The blood film method also produced the highest number of deposit-free samples (29), indicating superior clarity. 
Conclusion: Among the four smear preparation methods studied across 100 positive blood culture samples, the blood film 
method demonstrated the highest diagnostic agreement and the least interference from resin and charcoal particles. It is 
recommended as the most effective and reliable technique for direct Gram staining in clinical microbiology laboratories. 
 

Keywords: gram stain interpretation; blood film method; kappa (κ) statistics 
 

Introduction 

Bloodstream infections, particularly in high-risk 
individuals, are linked to considerable morbidity and 
mortality, underscoring the critical importance of 
early pathogen detection and prompt initiation of 
therapy to enhance patient outcomes. Among the 
initial diagnostic tools available in the microbiology 
laboratory, Gram staining of positively flagged blood 
culture bottles plays a pivotal role in the rapid 
preliminary identification of pathogens [1]. 
Gram staining provides valuable information 
regarding the morphology and Gram reaction of 
bacteria, allowing clinicians to initiate or modify 
empirical antibiotic regimens even before culture 
results are finalized [2]. Additionally, reliable Gram 
stain interpretation enables laboratories to perform 
direct antimicrobial susceptibility testing on blood 

culture broth, potentially reducing the diagnostic 
turnaround time by 24 hours [3]. Despite its clinical 
value, direct Gram stain interpretation from blood 
culture broth is challenging, and errors in 
interpretation have been linked to inappropriate 
therapy and poorer patient outcomes [4]. 
One of the main limitations is the presence of resin 
and charcoal particles in the blood culture media 
[5,6]. These additives are designed to neutralize 
residual antibiotics in the patient's blood, thereby 
enhancing microbial recovery. However, they also 
retain crystal violet stain, appearing Gram-positive 
and often obscuring or mimicking bacterial forms. 
This can lead to misinterpretation, especially in cases 
with low bacterial load or in laboratories with less 
experienced personnel. Additionally, technical factors 
such as smear thickness, uneven distribution of the 
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sample, and improper fixation can further 
compromise the clarity and accuracy of the results [6]. 
To address these limitations, several smear 
preparation techniques have been described, 
including the conventional method, the water-wash 
method, the blood film method, and the drop-and-
rest method [7]. While the conventional method is 
widely used due to its simplicity, it has been associated 
with high rates of artifact-related interference. In 
contrast, the blood film and drop-and-rest methods—
recommended by automated blood culture system 
manufacturers—aim to reduce particulate artifacts by 
facilitating better separation of microbial elements 
from background debris [8]. 
Although multiple smear preparation techniques 
have been proposed to enhance the clarity and 
accuracy of Gram stain interpretation from blood 
culture broths, comparative data evaluating their 
relative diagnostic performance remain limited. 
Recognizing this gap, the current study was designed 
to systematically assess and compare four distinct 
smear preparation methods—namely, the 
conventional method, the water-wash method, the 
blood film method, and the drop-and-rest method—
according to the standard references described below 
[9–12]. The evaluation focused on two key 
parameters: the level of agreement between each 
method's Gram stain findings and the final culture-
based Gram stain results, and the extent of 
interference caused by resin and charcoal particles 
present in the culture medium. 
 

Material and Methods 

This prospective cohort study was conducted at the 
University College of Medical Sciences and Guru Teg 
Bahadur Hospital, Delhi, India, between January 
2025 to May 2025. All positively flagged blood culture 
bottles from the BacT/ALERT automated system 
were included.  
Upon flagging positive, the bottles were promptly 
removed from the instrument and transferred to a 
biological safety cabinet (BSC) for further processing. 
A sterile, unused syringe was inserted through the 
alcohol swab to aseptically aspirate 1–2 mL of broth. 
Subsequently, four different smear preparation 
techniques were employed: the conventional method, 
the blood film method, the drop-and-rest method, 
and the water-wash method. These were performed as 
per standard reference protocols, detailed in the 
subsequent section. 

Conventional Method 

A clean slide was prepared by placing a drop of the 
sample onto its surface and spreading it evenly to 
form a smear about 1 cm in diameter. The smear was 
then left to air dry, followed by heat fixation [9]. 

Water-Wash Method 

For this technique, a drop of blood from the culture 
bottle was placed on a clean, labelled slide and 
allowed to dry. The slide was then gently washed with 
water, directing the flow first over the thumb and then 
allowing it to cascade freely across the smear. After the 
water wash, the smear was heat-fixed and stained. 

Blood Film Method 

This method closely resembles the preparation of a 
thin peripheral blood smear, following the 
manufacturer's instructions [9]. A small drop of the 
sample was placed at one end of a clean, labelled slide. 
A second clean slide, held at a 25° angle, was used as 
a spreader to touch the drop. The spreader slide was 
then pressed firmly against the first slide and quickly 
pushed forward to distribute the sample evenly. After 
the smear was prepared, it was air-dried, heat-fixed, 
and stained. The stained smear was examined in the 
region where the sample was most thinly and evenly 
spread. 

Drop and Rest Method 

In this technique, a drop of the sample from the blood 
culture bottle was placed on a clean, labelled slide and 
left undisturbed for about 10 minutes to allow the 
charcoal particles to settle [9]. After this settling 
period, the slide was gently tilted so that the clearer 
portion of the sample could flow away from the 
settled charcoal. The sample was then spread using an 
applicator stick, air-dried, and fixed either by heating 
at 60°C or with 95% methanol for 2 minutes. After 
staining, the smear was examined in the area where 
the sample had been spread, rather than at the site 
where the original drop was placed. 
After preparing the smears using the aforementioned 
methods, all were subjected to Gram staining 
following the standard protocol [11]. As part of 
routine laboratory procedures, broth from blood 
culture bottles that had flagged positively was streaked 
onto common bacteriological media such as sheep 
blood agar and MacConkey agar. Gram staining was 
subsequently performed on smears prepared from 
colonies that had grown after overnight incubation at 
37°C under aerobic conditions. 
To ensure consistency in interpretation, the results of 
the Gram stain were categorized into five distinct 
groups: Gram-positive cocci, Gram-positive bacilli, 

https://bioresscientia.com/


International Journal of Biomedical and Clinical Research                    ISSN:2997-6103                    BioRes Scientia Publishers 

© 2025 Kirti Nirmal, et al.                                                                                                                                                                        3 

Gram-negative cocci, Gram-negative bacilli, and 
mixed flora. Additionally, the presence of resin or 
charcoal particles within the smear was evaluated and 
classified according to the following scale: "Nil" 
indicated that no resin or charcoal was observed 
across 20 fields, "Minimal (1+)" was assigned when 
resin or charcoal appeared in 1 to 5 of the 20 fields, 
"Moderate (2+)" was used when they were observed in 
6 to 10 fields, and "Heavy (3+)" was given when resin 
or charcoal was present in more than 10 of the 20 
fields. This classification ensured a standardized and 
systematic approach to the interpretation of the Gram 
stain results [13]. 
The smear preparations and Gram staining were 
meticulously performed by the same skilled laboratory 
technician throughout the study, ensuring 
consistency. Three independent observers, each 
possessing a minimum of three years' expertise in 
Gram stain interpretation, meticulously examined the 
slides. To eliminate bias, the observers remained 
blinded to the culture smear results until the study's 
conclusion. The final interpretation was considered 
valid only when at least two of the three observers 
reached a unanimous agreement. Smears where no 
consensus was reached among all three observers were 
excluded from the analysis. 
The study assessed the agreement between the Gram 
stain results from the blood culture broth and the 

Gram stain findings of smears prepared using four 
different methods. Additionally, the presence and 
quantity of charcoal and resin particles in the Gram-
stained smears from each preparation method were 
compared. To evaluate the level of agreement between 
the Gram stain results of the blood culture broth and 
the culture smear, kappa statistics were applied for 
statistical analysis. 
 

Results 

A total of 100 positively flagged automated blood 
culture bottles were processed to prepare smears using 
four distinct preparation techniques. The 
performance of each direct smear method was 
compared against the Gram stain results of the 
corresponding culture smear. Statistical analysis of the 
concordance was conducted using the kappa (κ) 
coefficient to evaluate the level of agreement. Among 
the four methods, the highest agreement was observed 
with the blood film method (κ = 0.26), followed by 
the conventional method (κ = 0.24), drop and rest (κ 
= 0.22), and water wash (κ = 0.18). Although all 
methods demonstrated only slight to fair agreement, 
the blood film technique showed a marginally better 
concordance with the reference standard [Table1] 
[Figure1]. 

 

Table 1: Evaluation of concordance between various direct smear preparation methods from positive blood culture 
broths and Gram stain results of the corresponding culture smears. 

Smear Preparation Techniques for Positive 
Blood Culture Broths 

Broth Smear-Culture Smear Kappa 
Value Gram Stain Agreement, 

n (%) 
Gram Stain Disagreement, 

n (%) 
Conventional 62 38 0.24 
Water wash 59 41 0.18 
Blood film 63 37 0.26 

Drop and rest 61 39 0.22 
 

 
Figure 1: Comparison of agreement between different direct smear preparation methods from positive blood culture broth 

and the corresponding Gram stain results of culture smears. 
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As shown in Table 2 and Figure 2, Gram-positive 
cocci in clusters were most frequently identified using 
the conventional method (54/100, 54%), closely 
followed by the drop and rest method (55/100, 55%), 
blood film method (51/100, 51%), and water wash 
method (65/100, 65%). Gram-positive cocci in pairs 
were better detected by the blood film method 
(10/100, 10%) and water wash method (7/100, 7%), 
with lower detection rates observed in the drop and 
rest (4/100, 4%) and conventional methods (5/100, 
5%). Gram-negative bacilli were most accurately 
identified by the blood film method (17/100, 17%), 

followed by the conventional (11/100, 11%), drop 
and rest (12/100, 12%), and water wash methods 
(9/100, 9%). The detection of anaerobic spore 
bearers (ASB) and budding yeast cells (BYC) remained 
consistent across all smear preparation techniques, 
each demonstrating uniform identification rates of 
2% and 5%, respectively. Sterility was most frequently 
noted in smears prepared by the water wash method 
(14/100, 14%), followed by the conventional method 
(10/100, 10%), drop and rest (5/100, 5%), and blood 
film method (6/100, 6%). 

 

Table 2: Comparative analysis of various methods based on final pathogen identification. 
Category Culture Smear Broth Gram Stain 

Conventional, n (%) Water wash, n (%) Blood film, n (%) Drop and Rest, n (%) 
GPC in cluster 75 54 51 55 65 

GPC in Pair 01 05 07 10 04 
GNB 13 11 09 17 12 
ASB 02 02 02 02 02 
BYC 05 05 05 05 05 

Sterile 04 10 14 06 05 
Total 100 87 88 95 93 

GPC: Gram positive cocci, GPB: Gram positive bacilli, GNB: Gram negative bacilli, BYC: Budding yeast cells 
 

 
Figure 2: Grading of resin/charcoal among various four methods in the study group (n=100). 

 

Table 3 presents the distribution of resin/charcoal 
grading (n = 100) in Gram-stained smears prepared by 
four different smear preparation techniques obtained 
from positive blood culture bottles. The presence of 
heavy resin/charcoal deposits (3+) was most 
frequently observed in smears prepared by the water 
wash (41%) and conventional (33%) methods, 
followed by the drop and rest (26%) method. The 
blood film method demonstrated the lowest 
frequency of 3+ deposits, with only 6% of smears 

showing heavy deposits. Moderate (2+) resin/charcoal 
deposition was most commonly observed with the 
drop and rest (48%) and conventional (40%) 
methods. In contrast, water wash and blood film 
methods showed a lower proportion of 2+ grading, 
accounting for 32% and 14% of smears, respectively. 
Mild resin/charcoal deposits (1+) were predominantly 
seen in the blood film method (51%), followed by 
drop and rest (17%), water wash (20%), and 
conventional methods (22%). 

 

Table 3: Grading of resin/charcoal among various four methods in the study group (n=100). 
Methods of Smear Preparation from Positively Flagged Blood Culture Broth Grading of Resins/Charcoals (n=100) 

3+ 2+ 1+ Nil 
Conventional 33 40 22 5 
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Water Wash 41 32 20 7 
Blood Film 6 14 51 29 
Drop & rest 26 48 17 9 

 

While the blood film and drop-and-rest techniques 
offered marginally improved detection of Gram-
positive cocci in pairs and Gram-negative bacilli, the 
water-wash method was associated with the greatest 
frequency of sterile smear results. These results 
highlight differences in diagnostic efficacy across 
smear preparation techniques, emphasizing the 

importance of method selection for optimal 
outcomes. Additionally, resin/charcoal-free smears 
were most common with the blood film method 
(29%), followed by drop and rest (9%), with 
conventional (5%) and water wash (7%) methods 
showing minimal absence of deposits [Figure 3]. 

 

 
Figure 3: Gram Stain Morphology Demonstrated by Four Different Smear Preparation Methods (A) Drop & rest method 

(B) Conventional method (C) Blood film method (D) Water wash method. 
 

Discussion 

Bloodstream infections (BSIs) carry a high burden of 
illness and death, with overall mortality rates 
surpassing 20%. Timely administration of suitable 
empirical antimicrobial therapy is essential for 
enhancing patient outcomes. Nevertheless, as many as 
40% of BSI cases may initially receive inadequate 
treatment prior to the first blood culture result being 
reported. Although automated blood culture systems 
have improved detection, delays in final culture and 
susceptibility results often hinder timely therapy. 
Therefore, the microbiology laboratory must 
prioritize rapid, stepwise reporting-including direct 
Gram stain, preliminary identification, and direct 
susceptibility testing-to guide timely clinical decisions. 
Among these, Gram staining serves as a rapid and 
reliable initial diagnostic tool, facilitating early 
presumptive identification and optimization of 
empirical therapy [14,15]. 

The Gram stain is widely regarded as the first and 
most critical diagnostic step following a positive blood 
culture, enabling early presumptive identification of 
pathogens and guiding timely empirical antimicrobial 
therapy. However, its clinical significance is largely 
determined by the quality of smear preparation, 
which plays a crucial role in ensuring accurate 
interpretation. The American Society for 
Microbiology underscores the importance of Gram 
staining in initial reporting and recommends the use 
of clear, descriptive terminology. As such, Gram stain 
findings typically form the basis of the first clinical 
notification, influencing early treatment decisions 
and potentially improving patient outcomes [14]. 
A major challenge in Gram staining from blood 
culture broths is the interference caused by resin or 
charcoal particles, which obscure microscopy and 
hinder interpretation. Suboptimal smear preparation, 
particularly with the conventional method, further 
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contributes to misidentification or missed detection 
of organisms. Research has indicated that the 
conventional smear method is linked to a higher rate 
of inaccurate results [3]. 
This study was undertaken to evaluate and compare 
four smear preparation methods-conventional, water 
wash, drop and rest, and blood film-in terms of 
resin/charcoal interference. The results demonstrate 
that the blood film method had the lowest incidence 
of heavy background deposits, thereby offering 
superior visual clarity. On the other hand, the water 
wash and conventional methods showed a higher 
percentage of smears with heavy (3+) resin/charcoal 
deposits, potentially hindering accurate 
interpretation. The drop and rest method showed 
intermediate results, balancing ease of use and 
moderate reduction in artifacts. 
This study found the blood film method had the 
highest agreement with culture smears (κ = 0.26) and 
the best detection of Gram-positive cocci in pairs 
(10%) and Gram-negative bacilli (17%). The drop and 
rest method also performed well with fewer false 
positives. The conventional method showed 
moderate agreement (κ = 0.24) but more false 
positives, likely due to resin and charcoal interference. 
The water wash method had the lowest agreement (κ 
= 0.18), was time-consuming, and had the most 
resin/charcoal deposits. The blood film method had 
the least interference (29% smears deposit-free), 
supporting its use as the preferred smear preparation 
technique for accurate and reliable Gram staining 
from positive blood cultures. 
A study conducted by Søgaard et al. [13] reported high 
sensitivity of direct Gram staining from blood culture 
broth across various organisms, likely due to technical 
training, though smear preparation methods were 
unspecified. Similarly, Nain et al. found the blood 
film method showed the highest agreement with 
culture Gram stain (κ = 0.637) among four 
techniques, with the least resin/charcoal interference 
(5.2%), while the conventional method had the most 
interference (33.8%), leading to more inaccurate 
results [15]. 
These findings highlight the need for clinical 
microbiology laboratories to reassess their smear 
preparation techniques. The blood film method, as 
demonstrated by Nain et al. [7] offers superior clarity 
and minimal background interference, thereby 
enhancing the reliability of Gram stain results, 
facilitating early pathogen identification, and 
supporting timely, appropriate antibiotic therapy. It is 

thus recommended for optimal diagnostic 
performance. 
 

Conclusion 

This study evaluated four smear preparation methods-
conventional, water wash, blood film, and drop and 
rest-for Gram staining of positively flagged blood 
culture broths. The blood film method demonstrated 
the highest agreement with culture-based Gram stain 
results (κ = 0.26), followed by the conventional (κ = 
0.24), drop and rest (κ = 0.22), and water wash (κ = 
0.18) methods. Notably, the blood film method 
exhibited the least interference from resin and 
charcoal particles, with 29% of smears showing no 
such deposits, compared to 5% for the conventional, 
7% for the water wash, and 9% for the drop and rest 
methods. These findings underscore the importance 
of selecting an appropriate smear preparation 
technique to enhance the accuracy of direct Gram 
stain interpretation from blood culture broths. The 
blood film method, with its superior clarity and 
minimal background interference, is recommended 
for optimal diagnostic performance in clinical 
microbiology laboratories. 
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