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ABSTRACT

Introduction: The diagnosis of bacterial infection can only be made by gram stain with
patient information. One of the problems with gram staining is that the resulting
microscopic images look dim, making them prone to misinterpretation. Researchers
conducted a study on modifying secondary dyes in gram staining to improve the accuracy
of the diagnosis of Bacterial vaginosis infections.

Methods: This research is a laboratory experimental study with a cross sectional
approach. The sample of this study consisted of anaerobic gram-negative rods on vaginal
swabs of patients diagnosed with Bacterial vaginosis at Dr. Moewardi Hospital and
Sebelas Maret University Hospital during March to July 2022. The samples were then
treated in the form of gram staining with different secondary dyes and then compared.
Results: The color intensity of anaerobic gram-negative rod bacteria samples treated with
gram staining using fuchsin secondary dye appeared to be stronger than safranin
secondary dye. Likewise, the resulting focus looks clearer. The diagnostic test showed
that modification of secondary dyes in gram staining by substituting safranin into fuchsin
mcreased the color intensity and focus of preparations

Conclusion: Modification of secondary dye on gram staining by replacing secondary dye
of safranin to fuchsin can improve the quality of gram staining results on anaerobic gram
negative bacteria thereby increasing the accuracy of diagnosis and treatment given.

Keywords: secondary gram staining; diagnosis of infection; anaerobic gram negative rods
bacteria; Bacterial vaginosis

INTRODUCTION

Infectious disease is a health problem in the world, including in Indonesia'. One example of an
infectious disease caused by anaerobic bacteria is Bacterial vaginosis. Infection occurs because there is
an imbalance in the amount of normal vaginal flora with anaerobic bacteria that are found?. Based on
this, bacterial staining is a reliable method for determining the etiological diagnosis of infectious
diseases’.

Microbiological diagnosis in cases of bacterial infection can be enforced simply by gram staining
accompanied by information from the patient. The accuracy obtained can reach 70-90%*. One of the
problems with gram staining is that the resulting microscopic image looks faint or thin, making it prone
to misinterpretation, especially for gram-negative bacteria. The gram stain error rate varies from 0.4%
to 2.7%°. The error in interpreting the gram stain results alone can reach 6.4% with an average error
rate of 2.9%°.
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The secondary dye commonly used in gram staining is safranin. In gram staining, gram-negative
bacteria will change color to pink after being stained with safranin. The use of safranin in gram stain
produces a color that lacks contrast’. Besides safranin, fuchsin is a dye that can give gram-negative
bacteria a pink color. The pink color produced by fuchsin appears more apparent when compared to
safranin®,

Gram staining using standard secondary dyes appears faint when observed using a microscope,
so the diagnosis and management of infectious diseases become less effective. The researcher modified
the secondary dye in gram staining from a standard secondary dye in the form of safranin to fuchsin.
This is expected to improve the quality of gram stain results so that the diagnosis of infectious diseases
and antibiotic therapy can be more precise and efficient. Based on the explanation above, the researcher
conducted a study on modifying secondary dyes in gram staining to improve the accuracy of the
diagnosis of Bacterial vaginosis infections.

METHODS

This type of research is a laboratory experiment with a cross-sectional approach. Sampling was
done using a total sampling technique from March to July 2022 at Dr. Moewardi Hospital and Sebelas
Maret University Hospital. The research location is in the Microbiology Laboratory, Faculty of
Medicine, Sebelas Maret University. The sample of this study was anaerobic gram-negative rods on
vaginal swabs of patients diagnosed with Bacterial vaginosis.

Then each sample was made into two preparations. Preparations from the same sample were then
separated and given different treatments. In the first sample preparation, gram staining was carried out
with crystal violet primary dye, iodine mordant, distilled water bleach, and safranin secondary dye. In
contrast, gram staining was performed with crystal violet primary stain, iodine mordant, distilled water
bleach, and fuchsin secondary stain in the second sample preparation. After that, the gram-staining
results of the control and treatment groups were compared, including the color intensity and focus of
anaerobic gram-negative rods.

Data analysis was done by diagnostic test. This study received ethical approval from the Health
Research Ethics Committee Dr. Moewardi Hospital, on March 21 2022, with number
359/IMI/HREC/2022 accompanied by informed consent for patients whose vaginal swab samples were
used in this study.

RESULTS

In this study, a sampling of anaerobic gram-negative rod bacteria used the total sampling
method from March to July 2022 and obtained 10 samples gram-negative bacterial infections from
vaginal swab patients diagnosed with Bacterial vaginosis.

Table 1. Distribution of anaerobic gram-negative rod samples

Sample Frequency Percentage(%)
Vaginal swab 10 100
Total 10 100%

Table 2. Diagnostic test for secondary dye modification in gram staining

Gram Staining Secondary Dyes Safranin
BV (+) BV () Total
Secondary BV () 5 1 6
Dyes Fuchsin BV () 1 3 4
Total 6 4 10
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Based on the research that has been done, obtained data regarding the results of gram staining in
the sample. Data were obtained by comparing the results of gram staining in each sample whose status
was grouped based on the secondary dyes used in gram staining, namely safranin and fuchsin.

Table 3. Result of diagnostic test for secondary dye modification in gram staining

Diagnostic Test Diagnostic Result
Sensitivity 83,3%
Specificity 75%
Positive Likehoold Ratio 3,33
Negative Likehoold Ratio 0,66
Pretest Probabilty 60%
Pretest Odds 1,5
Posttest Odds 4,99
Posttest Probabilty 83,3%

Based on the diagnostic results in the table above, a sensitivity value of 83,3% and a specificity
of 75% were obtained. In addition, the difference between 60% pretest probability and 83,3% posttest
probability indicates that modifying the secondary dye in gram staining by substituting the secondary
dye from safranin to fuchsin can improve the quality of gram staining preparations. This is useful in
increasing the accuracy of diagnosing and managing infectious diseases caused by gram-negative
anaerobic rods.

Figure 1. Results of gram staining of Bacterial vaginosis samples using safranin

Figure 2. Results of gram staining of Bacterial vaginosis samples using fuchsin

DISCUSSION

Anaerobic bacteria are part of the normal flora in the human body, especially on the skin and
mucous membranes. Infections caused by anaerobic bacteria can occur due to disruption of the
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mucocutaneous barrier or immunosuppression. Anaerobic bacteria can be found in vaginal discharge
patients diagnosed with Bacterial vaginosis. Diagnosis of infections caused by anaerobic bacteria
requires the assistance of an appropriate microbiologist®.

Gram staining can be used to identify infections caused by anaerobic bacteria so that the diagnosis
of infectious diseases can be established appropriately. Interpretation of gram staining preparations
plays a vital role in controlling anaerobic bacterial infectious diseases’. There is a significant 9% to
45% misinterpretation of gram stain preparations. Incorrect interpretation of Gram stain can harm
patient care’. However, if done correctly, gram stain interpretation will assist in diagnosing infectious
diseases so that initial therapy can be given more quickly, precisely, and efficiently?’.

In this study, secondary dyes were modified in gram staining by comparing the results of gram
staining of anaerobic gram-negative rods using secondary dyes of safranin and fuchsin. Based on the
results of the study, it was found that the resulting color intensity and focus looked better in the staining
results using fuchsin secondary dyes. Gram staining of anaerobic gram-negative rods using fuchsin
secondary dyes produces a more intense image when observed under a microscope. This can happen
because the affinity of the fuchsin color for the cell wall of gram-negative bacteria is better so that the
absorption of the color that occurs is also more perfect®.

Microscopic examination of vaginal swab treated with gram staining is beneficial in diagnosing
infectious diseases, especially those caused by gram-negative anaerobic rods. Identifying infectious
diseases by gram staining of vaginal swab can determine the use of appropriate antibiotic therapy so
that antibiotic resistance can be prevented. Gram staining techniques can be used to assist in the
diagnosis of Bacterial vaginosis with Nugent scoring'?2. Nugent scoring is a standard quantitative
morphological classification method for establishing the diagnosis of Bacterial vaginosis. The vaginal
swab smear treated with gram staining was then observed under a microscope and counted the number
of gram-negative anaerobic rods found was. Scores of 0-3 represent normal vaginal flora, scores of 4-6
represent moderate vaginal flora, and scores of 7-10 are considered diagnostic for Bacterial vaginosis".

Apart from being determined by counting the number of gram-negative rods, another clinical
criterion for establishing the diagnosis of Bacterial vaginosis is finding clue cells in vaginal swab
preparations. Clue cells are vaginal epithelial cells surrounded by gram-negative rods!*. Based on
research that has been done, gram-negative rods and clue cells found in gram-staining vaginal swab
preparations using secondary dye fuchsin have sharper color intensity and better focus. This is very
helpful in establishing a quantitative diagnosis of Bacterial vaginosis by counting the number of gram-
negative bacteria found on microscopic examination or by observing the clue cells found®3. The
weakness of this study is that it only uses secondary dyes with a concentration of 0.5%, so the quality
of the modified gram stain using secondary dyes with other concentrations is unknown.

CONCLUSION

Modification of the secondary dye in gram staining by substituting the secondary dye from
safranin to fuchsin can improve the quality of gram stain results on anaerobic gram-negative rods,
thereby increasing the accuracy of the diagnosis of anaerobic gram-negative rod infections and their
management.
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