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ORIGINAL ARTICLE

ABSTRACT

Background: Antibiotic susceptibility testing (AST), a technique to measure antibiotic susceptibility to 
different infections, is used for drug invention, estimation of therapeutic outcomes, and evaluation 
of their ability to withhold bacterial growth. This study aimed to compare the antibiotic 
susceptibilities of various important antibiotics using agar diffusion and broth dilution assays against 
the growth of Enterococcus faecalis (E. faecalis).

Methods: This experiment was carried out in the Microbiology Laboratory at the Birmingham Dental 
Hospital, Birmingham. In the Agar Diffusion Assay, different solutions of concentrations (50mg/ml), 
punch into nutrient agar dishes in two groups, n=15(peer A1) and n=15 (peer A2), inoculated with 
strains E. faecalis. Inhibitory zones were measured under European Committee on Antimicrobial 
Susceptibility Testing (EUCAST) guidelines. While in the Broth assay, bacteria were inoculated in 100 
µL in the presence of multiple concentrations of antimicrobial solutions and bacterial growth was 
assessed using Optical Densities (OD) measurement. 

Results: Agar diffusion assay showed the susceptibility of E. faecalis against Ampicillin, Gentamycin, 
and Erythromycin (OD< 0.1), whereas, it was found resistant with no zone of inhibition by 
Metronidazole (OD > 0.1). Similarly, broth dilution assay resulted in marked E. faecalis susceptibility to 
Ampicillin and Gentamycin at a minimum inhibitory concentration (5 mg/dl and 0.5mg/dl), but was 
not responsive to Metronidazole. When compared statistically with peer A2 non-significant values 
were obtained for Gentamycin, Ampicillin, and Erythromycin (p-value=0.5, 0.28, 0.23 respectively). 

Conclusion: Antibiotics susceptibility measured by Broth Dilution Assay showed more authentic 
results in terms of minimum inhibitory concentration and optic density compared to Agar Diffusion 
Assay.
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INTRODUCTION
In the previous few years, a lot of work has been 
done for proper diagnosis and management of 
infections by numerous newer techniques, such as 
the agar diffusion method, well diffusion assay, 
broth dilution assay, and Epsilometer tests1. 

Antibiotic susceptibility testing (AST) defines 
adequate antibiotic dosage to effectively manage 
bacterial infections. Antimicrobial susceptibility 
testing can be used for drug invention, estimation of 
therapeutic outcomes, and evaluation of their 
ability to withhold bacterial growth, further clarified 
by the minimum inhibitory concentration (MIC) 2.

The Agar diffusion  test is the core and essential 
method for determining antimicrobial activity3. This 
assay is used for the estimation of MIC by measuring 
the diameter inhibitory zone in the surroundings of 
the applied antibiotic disc with grown microbe 
culture4,5. For the Broth micro-dilution assay, the 
microbial solution is injected with sequential 
dilutions of antibiotic agents to determine the 
minimum inhibitory concentration (MIC) 6. 

Moreover, Enterococcus faecalis is strongly positive 
for staining with Gram stain and is occurring naturally 
in the gastrointestinal tract7. But if it grows abundantly 
it spread to other body areas and can lead to 
life-threatening infections. People with low immunity 
or with a prolonged stay at the hospital are at the 
highest risk of having a particular infection. Centers for 
Disease Control and Prevention (CDC) has confirmed 
that E. faecalis is responsible for about 80% of 
gut-related problems and frequently has been 
detected in more than 30% of oral and root canal 
cases8. Treated root canals are about nine times more 
than cases of primary infections infected with E. 
faecalis 9,10. As it is a commonly occurring infectious 
agent that requires early diagnosis and prompt 
treatment, the current study was proposed to 
consider and compare agar diffusion and broth 
dilution assays to estimate the antibiotic inhibitory 
ability against the growth of E. faecalis in vitro along 
with an estimation of minimum inhibitory 
concentrations. The objective of the study was to 
evaluate the susceptibility of E. faecalis against four 
antibiotics, gentamycin, erythromycin, ampicillin, and 
metronidazole by comparing agar diffusion and broth 
dilution assays methods.

METHODS
The experiment was carried out in the Microbiology 

Lab of the Birmingham Dental Hospital in two 
groups n=30 [peer A1(15), peer A2(15)]. First, for the 
Agar diffusion assay, solutions of Gentamycin, 
Ampicillin, erythromycin, and Metronidazole of 
equal strength (50mg/mL) are pressed into nutrient 
agar dishes inoculated with a strain of E. faecalis 
bacteria. Following the incubation for 
approximately 20 hours, antibiotic dispersion from a 
disc into the agar causes cessation of microbial 
growth in the surroundings of each tablet of 
antibiotic, also known as inhibitory clear zones as no 
bacterial growth. This is centered on the impression 
that antibiotics spread easily in the solid nutrient 
medium. After this process, the clear zones are 
measured around each of the wells. Interpretation 
of the zones done following EUCAST Guidelines5. 

In Broth dilution assay, a 96-microtiter well plate is used 
to inoculate the same strains of bacteria with the 
100uL of BHI Broth growth medium in the presence of 
variable concentrations of Gentamycin, Ampicillin, 
and Metronidazole. Further growth of the bacteria 
was assessed after incubation for 16-20 hours.

For Optic Density Measurement, in the dilution test, 
E. faecalis was confirmed with generating apparent 
visual growth in solution, with several strengths of the 
microbial agents (5-0.00005 mg/mL). Minimum 
inhibitory concentration (MIC) was computed by 
an automated Universal Microplate-plate reader 
(BioTek Instruments EL x 800, Gen5 Software) at 
OD600nm and the required breakpoint 
concentration was determined as indicated in ISO 
Standard.  The results of A1 and peer A2 were 
compared and statistical analysis was done using 
an independent students t-test and a p-value <0.05 
was considered statistically significant.

RESULTS
The Agar diffusion assay in assessing the 
susceptibility of four antibiotic solutions 
demonstrated that E. faecalis is susceptible to 
gentamycin, Ampicillin (B-Lactam antibiotic), and 
erythromycin in vitro with the mean zone of 
inhibition measuring 22.8, 34.7, 32.8 mm 
respectively. All the zones of inhibition of the 
above-stated drugs were above 22mm thus giving 
susceptible results. No drug showed a zone 
between 18-22mm whereas metronidazole showed 
a zone of inhibition less than18 mm and thus had a 
resistant pattern as per new EUCAT guidelines for 
agar diffusion assay breakpoint (Table 1A).

Akhtar et al.
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On the other hand, in broth dilution assay bacteria 
were inoculated with varying concentrations of three 
antimicrobial agents (Gentamycin, Ampicillin, and 
Metronidazole). All samples of E. faecalis showed 
susceptibility to Ampicillin, and Gentamycin as optic 
density was greater than 0.1 but was not responsive to 

metronidazole as presented optic density was less 
than 0.01. The mean minimum inhibitory 
concentration was evaluated to be 5 mg/dl and 
0.5mg/dl for ampicillin and gentamicin respectively 
(Table 1B).

Antibiotics susceptibility Enterococcus faecalis (n=15) Phosphate-buffered 
saline (PBS) controls

Anti-microbial agent G A E M

The volume of antibiotics 
(µL)

50 50 50 50 50

Concentration (mg/ml) 50mg/ml 50mg/ml 50mg/ml 25mg/ml -

Static Temperature

(C) for incubation
37 37 37 37 37

Duration for
Incubation (h)

20 20 20 20 20

Mean inhibition zone 
diameter (mm) 

22.8 34.7 32.8 0 0

EUCAST Agar diffusion assay breakpoints

Susceptible therapeutic 
dose (S>22mm)

E. faecalis 
susceptible

E. faecalis 
susceptible

E. faecalis 
susceptible - -

Susceptible increased 
exposure Intermediate
(I= 18-21mm)

- - - - -

Resistant
(R<18mm)

- - - E. faecalis 
resistant -

Table 1 A: Three different antibiotic susceptibilities against E. faecalis were measured by the Agar diffusion 
assay method.

EUCAST GUIDELINE: Antimicrobial Susceptibility Testing guidelines by European Committee, Breakpoint tables for interpretation 
of MICs and zone diameters; S=Susceptible (S>22mm), I= Intermediate (I= 18-21mm), R=Resistant (R<18mm), OMG: Oral 
microbiology group, G-Gentamycin, A-Ampicillin, E-Erythromycin, M-Metronidazole, PBS: Phosphate buffer saline.

Evaluation of Antibiotic Susceptibility Tests: Agar Diffusion and Broth Dilution Assay Against Enterococcus faecalis
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Similar results were observed by peer A2 (Table 2). 
The results of peer A1 and peer A2 were compared 
and statistical analysis was done for A1 vs A2, and 
no significant values were obtained in terms of E. 
faecalis susceptibility to Gentamycin, ampicillin, 
erythromycin (p-value: 0.5, 0.28, 0.23 respectively) 
whereas metronidazole did not show any inhibition 

whether agar diffusion or broth dilution assay was 
utilized. Identical results of both peers signified that 
the said bacteria are sensitive to the three antibiotic 
groups but resistant to metronidazole because no 
zone of inhibition nor any MIC was found during the 
experiment (Figure 1).  

Table 1 B: Minimum inhibitory concentration (MIC) and Optical Density Analysis.

Table 2: Comparative analysis between peer A1/A2 using E. faecalis (N=30) microbial isolates.

G-Gentamycin, A-Ampicillin, M-Metronidazole.

Clinical bacterial isolates Enterococcus faecalis (n=15)

Phosphate-buffered saline 
(PBS) controls

Medium Brain and heart infusion broth/
BHI

Antibiotic (mg/mL) A G M

Minimum inhibitory concentration
(mg/mL) mean 5 mg/mL 0.5 mg/mL nil -

Optical density
(OD 600 nm) 0.08 0.11 >0.1 >0.1

EUCAST MIC breakpoints 
description
Optical density

<0.1 <0.1 > 0.1 -

Bacterial growth nil nil Present

E. faecalis susceptibility
to a standard therapeutic dose of 
antimicrobial agent

Susceptible 
5mg/ml

Susceptible, 
0.5mg/ml Resistant Controls contaminated

23
± 0.1

9

A2
35.0
±0.7

7

32.6
± 1.3

p=
0.23

0 0

S>21
I=
18-
21

R< 18

No MIC

< 0. 1
susceptible

Susceptible Susceptible

Clinical 
bacterial 
isolates

Antibiotics

Broth dilution
assay
MIC (mg/tnL)
Broth dilution
assay
Optical
densitv (OD)

Gentamycin p-value Ampicillin Metronidazole

A1
0.Smg/mL

A2 A1 A2
0.5mg/mL > 0.9  5mg/m1

A2
5mg/mL >0.9

Susceptible Resistant

< 0.1
susceptible

> 0. 1
resistant

Isolates Antibiotics

Agar diffusion assay
Mean diameter of zone of 

inhibition (mm)
EUCAST breakpoints 

description

Gentamycin Ampicillin Erythromycin Metronidazole

22.8±
0.221 p= 0.50

A1 A2A1 A2A1 A1 A2 

34.7
±0.7

7

p=
0.28

32.8
±0.9

p-value

DISCUSSION
This cross-sectional study was done to compare the 
diagnostic accuracy of mammography versus USG 
imaging in the prediction of malignancy in females 
presenting with palpable breast lesions taking 
histopathology as the gold standard. In this study the 
sensitivity, specificity, and diagnostic accuracy of USG 
were 69.64%, 84.09% and 76%, respectively taking 
histopathology as a gold standard. Whereas, the 
sensitivity, specificity and diagnostic accuracy of 
mammography were 60.71%, 70.45% and 65%, 
respectively, highlighting that USG is more accurate 
than mammography in breast malignancy 
prediction.

A study by Keune et al. showed that following 
neoadjuvant chemotherapy, breast USG was more 
precise in predicting remaining tumor size as 

compared to mammography. There was an 80% 
probability of complete pathological response 
when both the imaging techniques portrayed no 
remaining disease11. In another study, the frequency 
of breast malignancy was reported to be 25% in 
females screened on mammography for palpable 
breast lesions12. The sensitivity, specificity, PPV and 
NPV for USG was 86.84%, 99.6%, 94.29% and 99.01% 
compared to mammography which were 80.47%, 
73.07%, 64.79% and 85.86% for mammogram6.

The study by Shen et al. described that in high-risk 
Chinese women ultrasound as a breast cancer 
screening tool is superior to mammography. All the 
14 cancers were detected by USG, whereas only 8 
cases were detected by mammography, making 
USG a more sensitive (p=0.04, 100 vs 57.1%,) imaging 
tool with better diagnostic accuracy (p=0.01, 0.999 

vs 0.766) 13. Several studies have revealed that in 
determining primary tumor size, breast USG is superi-
or to physical examination and mammography14-16. 
However, other studies have shown that USG, mam-
mography and physical examination achieve 
equally well in detecting primary tumor size17,18. 
Nonetheless, few studies support that mammogra-
phy is superior to both physical examination and 
breast ultrasound14, 19.

Herrada et al. found that in evaluating the 
remaining tumor size physical examination is the 
most accurate method when compared to both 
the imaging techniques. Moreover, the physical 
examination and mammography together were 
superior to physical examination and ultrasound in 
evaluating the remaining tumor size20. In a similar 
study by Fiorentino et al., it was established that 
physical examination was better than both the 
imaging techniques and that the pathology results 
were not enhanced by combining either of the 
imaging modality. In crux, mammography as a 
diagnostic tool was more precise in assessing tumor 
size than USG21.

According to Chagpar et al., after neoadjuvant 
chemotherapy, USG and mammography were just 
moderately helpful in foreseeing the remaining 
tumor size, with a precision of + 1 cm in 66% of cases 
assessed by physical examination, 70% by 
mammography and 75% by USG. Kappa values of 
(0.24 to 0.35) showed inadequate concordance 
amongst clinical and pathological measurements22. 
The two analytic imaging techniques, Breast USG 
and mammography are universally used in 
assessing the size of the tumor at the time of 
diagnosis. 

Despite clear evidence regarding the precision of 
these imaging strategies in measuring primary 
tumor size at diagnosis time, there are 
apprehensions concerning their accuracy in 
measuring the remaining tumor size after 
neoadjuvant chemotherapy. Noteworthy are the 
concerns that the response of the primary tumor to 
chemotherapy may show a discrepancy, due to 
subsequent fragmentation, fibrosis or density 
change in the cancerous tissue. All these 
discrepancies may provide a hindrance in the 
residual tumor size estimation11. Therefore, a more 
efficient method for screening breast lesions should 
be recommended by implementing the use of 
ultrasonography for breast lesions in local settings. 

CONCLUSION
In this study, ultrasonography showed more 
accuracy in determining the type of palpable 
breast lesion compared to mammography. Thus, in 
the future, healthcare facilities can apply and 
recommend ultrasonography for the prediction of 

the type of lesions found in breast lumps instead of 
going for mammography or other interventional 
procedure directly. 
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DISCUSSION
The current approach for testing antibiotic suscepti-
bility has been aimed at two basic doctrines. First, 
according to the inhibition zones formed by antibi-
otics active against Enterococcus faecalis on an 
agar plate in disc diffusion assay11. Further, disk 
diffusion is a precise and accurate method for 
conducting sensitivity in which the EUCAST method 
is considered widely acceptable12. The second 
method is broth dilution assay, in which the AST is 
based is the minimum inhibitory concentration of 
antibiotics, and their optical densities are used in 
the experiment. MIC method is used in resistance 
monitoring and comparative testing of antimicrobi-
al agents13. It is determined from the results that the 
isolate of Enterococcus faecalis is susceptible to the 
therapeutic dose of Ampicillin as there were signifi-
cantly clear halo zones showing growth inhibition 
agar diffusion and the same was true for dilution 
series. Widely used ampicillin has also shown proven 
results with good susceptibility recently in another 
study for E. faecalis14.

Similarly, aminoglycosides also prevented the 
growth of the bacterial colonies in both assays and 
thus were highly sensitive. Few pieces of research 
indicated contrary to the results that Enterococci 
have shown resistance against aminoglycosides 
(gentamycin) and can be used to inspect for 
aminoglycoside resistance strains by (HLAR) 15. This 
study's results specified that E. faecalis is susceptible 
to erythromycin, and these were inconsistent with 
the study documented by Kaushik et al., they found 
this drug potent in comparison with ciprofloxacin 
and minocycline for treating root canal infections 
caused by Enterococci16.

According to another study erythromycin also works 
best in synergism with aminoglycosides in the eradi-
cation of these microbes17. Whereas Erythromycin 
also impedes E. faecalis at standard therapeutic 
doses contrary to the action of metronidazole on 
the bacteria18. However, the E. faecalis isolates 
susceptibility to Metronidazole was not predicted 
by any of the tests. The comparative analysis of 
both AST methods using the same antibiotics 
against E. faecalis was done when a similar study 
was carried out by peer A2. The probable reason for 
the failure of metronidazole could be that the 
specific enzyme called Nitroreductases synthesized 
by these Enterococcus strains inhibits the activation 
of metronidazole, therefore, reducing the antimi-
crobial activity of the drug19.

Antibiotics susceptibility measurements by Broth 
Dilution Assay proved more accurate as focused on 
determining the values of MIC. Enterococcus 
isolates revealed <0.1 optical density measurement, 
therefore susceptible to at least inhibitory concen-
tration of Gentamycin and Ampicillin whereas no 
MIC value was obtained against Metronidazole, 
hence allowing bacterial growth. The growth of E. 
faecalis hampers by Aminoglycoside (Gentamycin) 
at standard therapeutic doses according to the test 
results contrary to the outcomes documented by 
Bhat et al., in an Indian study20. Similarly, ampicillin 
and erythromycin actively inhibited bacterial 
growth in broth dilution series same as predicted in 
the study results by Conceição et al 21.

Furthermore, the antibiotics susceptibility testing 
using both assays with regards to their pros and cons 
marks that, the agar diffusion assay is utilized 
broadly to assess the antimicrobial efficacy of 

Figure 1: Agar well diffusion susceptibility test marked zones of inhibition.

plants and microbial extracts and is also used as an 
alternative to the agar and broth tube dilution 
methods22. The Agar diffusion test is qualitative, easy 
to perform, and simple, and bacterial growth can 
be determined below the nano-fibrous scaffold 
(zone of inhibition). Whereas, the broth dilution 
technique indicates the amount of drug necessary 
to inhibit the bacteriostatic and bactericidal 
activity of tested microbes. It is used as a 
quantitative test for the evaluation of the 
antimicrobial efficacy of nano-fibrous fibrous 
scaffolds. This test is widely used to determine the 
minimum inhibitory concentrations (MICs) of 
antimicrobial agents. 

Elaborating further, some of the negative aspects of 
the assay, for example, the usage and application 
of agar diffusion are hampered when multiple 
factors affect the inhibition zones diameters which 
alter the results of the study, including inoculum 
entity, incubation time, temperature, depth of 
agar, well space, etc. Similarly, the broth dilution 
test is time-consuming and tedious. In this test, an 
aliquot of bacterial inoculums is taken in a growth 
media and is completely absorbed into test 
samples which are technique sensitive23. Further-
more, there is a high chance of overlapping of the 
inhibition zones in the agar method which makes 
the measurement difficult and challenging hence 
producing the error in the readings. Whereas, the 
broth dilution is technically sensitive and therefore 
not validated for clinical trials. In this study, several 
errors during the process, such as doubtful steriliza-
tion of PBS and pipette, might have contaminated 
the control groups as the Optical density (OD) 

results differ. Therefore, controls were not utilized for 
further assay. In contrast to this, PBS does not gener-
ate a free zone in well diffusion assay was uncon-
taminated. Further, the solution of Erythromycin was 
precipitated resulting in only three antibiotics being 
used in the broth dilution assay.

Numerous alternative strategies have been used to 
overcome the problem of antibiotic resistance, 
produce better treatment outcomes, and success-
ful elimination and prevention of bacterial infec-
tions in the host body. The latest modalities include 
bacteriophage therapy in which bacteriophage 
viruses are used to treat bacterial infection and 
render potential solutions in fighting against AMR24. 
Secondly, microbiologists have scrambled another 
weapon to combat antibiotic resistance by using 
another bacterium called predatory bacteria 
mostly Bdellovibrio bacteriovorus which are free-liv-
ing and harmless to humans25. On the other hand, 
bacteriocins  are strong candidates to be used as 
future therapeutic agents, showing antimicrobial 
efficacy in vitro models by exerting a positive 
immune response in the host body26. Furthermore, 
the introduction of probiotics, prebiotics, or synbiot-
ics into the human diet is good for intestinal flora, 
leading to a reduction in bacterial-induced infec-
tion and acting as immune booster substances. 
Therefore, antibiotics susceptibility measured by 
Broth Dilution Assay renders more authentic results in 
terms of minimum inhibitory concentration and 
optic density. Agar diffusion assay in which zones 
overlap and excessive diffusion of antibiotics into 
the medium results in discrepancies (Figure 2).

DISCUSSION
This cross-sectional study was done to compare the 
diagnostic accuracy of mammography versus USG 
imaging in the prediction of malignancy in females 
presenting with palpable breast lesions taking 
histopathology as the gold standard. In this study the 
sensitivity, specificity, and diagnostic accuracy of USG 
were 69.64%, 84.09% and 76%, respectively taking 
histopathology as a gold standard. Whereas, the 
sensitivity, specificity and diagnostic accuracy of 
mammography were 60.71%, 70.45% and 65%, 
respectively, highlighting that USG is more accurate 
than mammography in breast malignancy 
prediction.

A study by Keune et al. showed that following 
neoadjuvant chemotherapy, breast USG was more 
precise in predicting remaining tumor size as 

compared to mammography. There was an 80% 
probability of complete pathological response 
when both the imaging techniques portrayed no 
remaining disease11. In another study, the frequency 
of breast malignancy was reported to be 25% in 
females screened on mammography for palpable 
breast lesions12. The sensitivity, specificity, PPV and 
NPV for USG was 86.84%, 99.6%, 94.29% and 99.01% 
compared to mammography which were 80.47%, 
73.07%, 64.79% and 85.86% for mammogram6.

The study by Shen et al. described that in high-risk 
Chinese women ultrasound as a breast cancer 
screening tool is superior to mammography. All the 
14 cancers were detected by USG, whereas only 8 
cases were detected by mammography, making 
USG a more sensitive (p=0.04, 100 vs 57.1%,) imaging 
tool with better diagnostic accuracy (p=0.01, 0.999 

vs 0.766) 13. Several studies have revealed that in 
determining primary tumor size, breast USG is superi-
or to physical examination and mammography14-16. 
However, other studies have shown that USG, mam-
mography and physical examination achieve 
equally well in detecting primary tumor size17,18. 
Nonetheless, few studies support that mammogra-
phy is superior to both physical examination and 
breast ultrasound14, 19.

Herrada et al. found that in evaluating the 
remaining tumor size physical examination is the 
most accurate method when compared to both 
the imaging techniques. Moreover, the physical 
examination and mammography together were 
superior to physical examination and ultrasound in 
evaluating the remaining tumor size20. In a similar 
study by Fiorentino et al., it was established that 
physical examination was better than both the 
imaging techniques and that the pathology results 
were not enhanced by combining either of the 
imaging modality. In crux, mammography as a 
diagnostic tool was more precise in assessing tumor 
size than USG21.

According to Chagpar et al., after neoadjuvant 
chemotherapy, USG and mammography were just 
moderately helpful in foreseeing the remaining 
tumor size, with a precision of + 1 cm in 66% of cases 
assessed by physical examination, 70% by 
mammography and 75% by USG. Kappa values of 
(0.24 to 0.35) showed inadequate concordance 
amongst clinical and pathological measurements22. 
The two analytic imaging techniques, Breast USG 
and mammography are universally used in 
assessing the size of the tumor at the time of 
diagnosis. 

Despite clear evidence regarding the precision of 
these imaging strategies in measuring primary 
tumor size at diagnosis time, there are 
apprehensions concerning their accuracy in 
measuring the remaining tumor size after 
neoadjuvant chemotherapy. Noteworthy are the 
concerns that the response of the primary tumor to 
chemotherapy may show a discrepancy, due to 
subsequent fragmentation, fibrosis or density 
change in the cancerous tissue. All these 
discrepancies may provide a hindrance in the 
residual tumor size estimation11. Therefore, a more 
efficient method for screening breast lesions should 
be recommended by implementing the use of 
ultrasonography for breast lesions in local settings. 

CONCLUSION
In this study, ultrasonography showed more 
accuracy in determining the type of palpable 
breast lesion compared to mammography. Thus, in 
the future, healthcare facilities can apply and 
recommend ultrasonography for the prediction of 

the type of lesions found in breast lumps instead of 
going for mammography or other interventional 
procedure directly. 
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DISCUSSION
The current approach for testing antibiotic suscepti-
bility has been aimed at two basic doctrines. First, 
according to the inhibition zones formed by antibi-
otics active against Enterococcus faecalis on an 
agar plate in disc diffusion assay11. Further, disk 
diffusion is a precise and accurate method for 
conducting sensitivity in which the EUCAST method 
is considered widely acceptable12. The second 
method is broth dilution assay, in which the AST is 
based is the minimum inhibitory concentration of 
antibiotics, and their optical densities are used in 
the experiment. MIC method is used in resistance 
monitoring and comparative testing of antimicrobi-
al agents13. It is determined from the results that the 
isolate of Enterococcus faecalis is susceptible to the 
therapeutic dose of Ampicillin as there were signifi-
cantly clear halo zones showing growth inhibition 
agar diffusion and the same was true for dilution 
series. Widely used ampicillin has also shown proven 
results with good susceptibility recently in another 
study for E. faecalis14.

Similarly, aminoglycosides also prevented the 
growth of the bacterial colonies in both assays and 
thus were highly sensitive. Few pieces of research 
indicated contrary to the results that Enterococci 
have shown resistance against aminoglycosides 
(gentamycin) and can be used to inspect for 
aminoglycoside resistance strains by (HLAR) 15. This 
study's results specified that E. faecalis is susceptible 
to erythromycin, and these were inconsistent with 
the study documented by Kaushik et al., they found 
this drug potent in comparison with ciprofloxacin 
and minocycline for treating root canal infections 
caused by Enterococci16.

According to another study erythromycin also works 
best in synergism with aminoglycosides in the eradi-
cation of these microbes17. Whereas Erythromycin 
also impedes E. faecalis at standard therapeutic 
doses contrary to the action of metronidazole on 
the bacteria18. However, the E. faecalis isolates 
susceptibility to Metronidazole was not predicted 
by any of the tests. The comparative analysis of 
both AST methods using the same antibiotics 
against E. faecalis was done when a similar study 
was carried out by peer A2. The probable reason for 
the failure of metronidazole could be that the 
specific enzyme called Nitroreductases synthesized 
by these Enterococcus strains inhibits the activation 
of metronidazole, therefore, reducing the antimi-
crobial activity of the drug19.

Antibiotics susceptibility measurements by Broth 
Dilution Assay proved more accurate as focused on 
determining the values of MIC. Enterococcus 
isolates revealed <0.1 optical density measurement, 
therefore susceptible to at least inhibitory concen-
tration of Gentamycin and Ampicillin whereas no 
MIC value was obtained against Metronidazole, 
hence allowing bacterial growth. The growth of E. 
faecalis hampers by Aminoglycoside (Gentamycin) 
at standard therapeutic doses according to the test 
results contrary to the outcomes documented by 
Bhat et al., in an Indian study20. Similarly, ampicillin 
and erythromycin actively inhibited bacterial 
growth in broth dilution series same as predicted in 
the study results by Conceição et al 21.

Furthermore, the antibiotics susceptibility testing 
using both assays with regards to their pros and cons 
marks that, the agar diffusion assay is utilized 
broadly to assess the antimicrobial efficacy of 

plants and microbial extracts and is also used as an 
alternative to the agar and broth tube dilution 
methods22. The Agar diffusion test is qualitative, easy 
to perform, and simple, and bacterial growth can 
be determined below the nano-fibrous scaffold 
(zone of inhibition). Whereas, the broth dilution 
technique indicates the amount of drug necessary 
to inhibit the bacteriostatic and bactericidal 
activity of tested microbes. It is used as a 
quantitative test for the evaluation of the 
antimicrobial efficacy of nano-fibrous fibrous 
scaffolds. This test is widely used to determine the 
minimum inhibitory concentrations (MICs) of 
antimicrobial agents. 

Elaborating further, some of the negative aspects of 
the assay, for example, the usage and application 
of agar diffusion are hampered when multiple 
factors affect the inhibition zones diameters which 
alter the results of the study, including inoculum 
entity, incubation time, temperature, depth of 
agar, well space, etc. Similarly, the broth dilution 
test is time-consuming and tedious. In this test, an 
aliquot of bacterial inoculums is taken in a growth 
media and is completely absorbed into test 
samples which are technique sensitive23. Further-
more, there is a high chance of overlapping of the 
inhibition zones in the agar method which makes 
the measurement difficult and challenging hence 
producing the error in the readings. Whereas, the 
broth dilution is technically sensitive and therefore 
not validated for clinical trials. In this study, several 
errors during the process, such as doubtful steriliza-
tion of PBS and pipette, might have contaminated 
the control groups as the Optical density (OD) 

results differ. Therefore, controls were not utilized for 
further assay. In contrast to this, PBS does not gener-
ate a free zone in well diffusion assay was uncon-
taminated. Further, the solution of Erythromycin was 
precipitated resulting in only three antibiotics being 
used in the broth dilution assay.

Numerous alternative strategies have been used to 
overcome the problem of antibiotic resistance, 
produce better treatment outcomes, and success-
ful elimination and prevention of bacterial infec-
tions in the host body. The latest modalities include 
bacteriophage therapy in which bacteriophage 
viruses are used to treat bacterial infection and 
render potential solutions in fighting against AMR24. 
Secondly, microbiologists have scrambled another 
weapon to combat antibiotic resistance by using 
another bacterium called predatory bacteria 
mostly Bdellovibrio bacteriovorus which are free-liv-
ing and harmless to humans25. On the other hand, 
bacteriocins  are strong candidates to be used as 
future therapeutic agents, showing antimicrobial 
efficacy in vitro models by exerting a positive 
immune response in the host body26. Furthermore, 
the introduction of probiotics, prebiotics, or synbiot-
ics into the human diet is good for intestinal flora, 
leading to a reduction in bacterial-induced infec-
tion and acting as immune booster substances. 
Therefore, antibiotics susceptibility measured by 
Broth Dilution Assay renders more authentic results in 
terms of minimum inhibitory concentration and 
optic density. Agar diffusion assay in which zones 
overlap and excessive diffusion of antibiotics into 
the medium results in discrepancies (Figure 2).

Figure 2: Measuring zones of inhibition27, 28.

DISCUSSION
This cross-sectional study was done to compare the 
diagnostic accuracy of mammography versus USG 
imaging in the prediction of malignancy in females 
presenting with palpable breast lesions taking 
histopathology as the gold standard. In this study the 
sensitivity, specificity, and diagnostic accuracy of USG 
were 69.64%, 84.09% and 76%, respectively taking 
histopathology as a gold standard. Whereas, the 
sensitivity, specificity and diagnostic accuracy of 
mammography were 60.71%, 70.45% and 65%, 
respectively, highlighting that USG is more accurate 
than mammography in breast malignancy 
prediction.

A study by Keune et al. showed that following 
neoadjuvant chemotherapy, breast USG was more 
precise in predicting remaining tumor size as 

compared to mammography. There was an 80% 
probability of complete pathological response 
when both the imaging techniques portrayed no 
remaining disease11. In another study, the frequency 
of breast malignancy was reported to be 25% in 
females screened on mammography for palpable 
breast lesions12. The sensitivity, specificity, PPV and 
NPV for USG was 86.84%, 99.6%, 94.29% and 99.01% 
compared to mammography which were 80.47%, 
73.07%, 64.79% and 85.86% for mammogram6.

The study by Shen et al. described that in high-risk 
Chinese women ultrasound as a breast cancer 
screening tool is superior to mammography. All the 
14 cancers were detected by USG, whereas only 8 
cases were detected by mammography, making 
USG a more sensitive (p=0.04, 100 vs 57.1%,) imaging 
tool with better diagnostic accuracy (p=0.01, 0.999 

vs 0.766) 13. Several studies have revealed that in 
determining primary tumor size, breast USG is superi-
or to physical examination and mammography14-16. 
However, other studies have shown that USG, mam-
mography and physical examination achieve 
equally well in detecting primary tumor size17,18. 
Nonetheless, few studies support that mammogra-
phy is superior to both physical examination and 
breast ultrasound14, 19.

Herrada et al. found that in evaluating the 
remaining tumor size physical examination is the 
most accurate method when compared to both 
the imaging techniques. Moreover, the physical 
examination and mammography together were 
superior to physical examination and ultrasound in 
evaluating the remaining tumor size20. In a similar 
study by Fiorentino et al., it was established that 
physical examination was better than both the 
imaging techniques and that the pathology results 
were not enhanced by combining either of the 
imaging modality. In crux, mammography as a 
diagnostic tool was more precise in assessing tumor 
size than USG21.

According to Chagpar et al., after neoadjuvant 
chemotherapy, USG and mammography were just 
moderately helpful in foreseeing the remaining 
tumor size, with a precision of + 1 cm in 66% of cases 
assessed by physical examination, 70% by 
mammography and 75% by USG. Kappa values of 
(0.24 to 0.35) showed inadequate concordance 
amongst clinical and pathological measurements22. 
The two analytic imaging techniques, Breast USG 
and mammography are universally used in 
assessing the size of the tumor at the time of 
diagnosis. 

Despite clear evidence regarding the precision of 
these imaging strategies in measuring primary 
tumor size at diagnosis time, there are 
apprehensions concerning their accuracy in 
measuring the remaining tumor size after 
neoadjuvant chemotherapy. Noteworthy are the 
concerns that the response of the primary tumor to 
chemotherapy may show a discrepancy, due to 
subsequent fragmentation, fibrosis or density 
change in the cancerous tissue. All these 
discrepancies may provide a hindrance in the 
residual tumor size estimation11. Therefore, a more 
efficient method for screening breast lesions should 
be recommended by implementing the use of 
ultrasonography for breast lesions in local settings. 

CONCLUSION
In this study, ultrasonography showed more 
accuracy in determining the type of palpable 
breast lesion compared to mammography. Thus, in 
the future, healthcare facilities can apply and 
recommend ultrasonography for the prediction of 

the type of lesions found in breast lumps instead of 
going for mammography or other interventional 
procedure directly. 
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CONCLUSION
Agar diffusion test confirmed Gentamycin, Ampicillin, 
and Erythromycin susceptibility for E. faecalis but 
resistance was observed against Metronidazole. 
Moreover, Broth dilution assay test comparatively 
works better and further confirmed susceptibility to 
similar antibiotics with effective inhibition of E. faecalis 
at Minimum Inhibitory level marked 5mg/mL for 
Ampicillin and 0.5mg/mL for Gentamycin but showed 
resistance against Metronidazole.  
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DISCUSSION
This cross-sectional study was done to compare the 
diagnostic accuracy of mammography versus USG 
imaging in the prediction of malignancy in females 
presenting with palpable breast lesions taking 
histopathology as the gold standard. In this study the 
sensitivity, specificity, and diagnostic accuracy of USG 
were 69.64%, 84.09% and 76%, respectively taking 
histopathology as a gold standard. Whereas, the 
sensitivity, specificity and diagnostic accuracy of 
mammography were 60.71%, 70.45% and 65%, 
respectively, highlighting that USG is more accurate 
than mammography in breast malignancy 
prediction.

A study by Keune et al. showed that following 
neoadjuvant chemotherapy, breast USG was more 
precise in predicting remaining tumor size as 

compared to mammography. There was an 80% 
probability of complete pathological response 
when both the imaging techniques portrayed no 
remaining disease11. In another study, the frequency 
of breast malignancy was reported to be 25% in 
females screened on mammography for palpable 
breast lesions12. The sensitivity, specificity, PPV and 
NPV for USG was 86.84%, 99.6%, 94.29% and 99.01% 
compared to mammography which were 80.47%, 
73.07%, 64.79% and 85.86% for mammogram6.

The study by Shen et al. described that in high-risk 
Chinese women ultrasound as a breast cancer 
screening tool is superior to mammography. All the 
14 cancers were detected by USG, whereas only 8 
cases were detected by mammography, making 
USG a more sensitive (p=0.04, 100 vs 57.1%,) imaging 
tool with better diagnostic accuracy (p=0.01, 0.999 

vs 0.766) 13. Several studies have revealed that in 
determining primary tumor size, breast USG is superi-
or to physical examination and mammography14-16. 
However, other studies have shown that USG, mam-
mography and physical examination achieve 
equally well in detecting primary tumor size17,18. 
Nonetheless, few studies support that mammogra-
phy is superior to both physical examination and 
breast ultrasound14, 19.

Herrada et al. found that in evaluating the 
remaining tumor size physical examination is the 
most accurate method when compared to both 
the imaging techniques. Moreover, the physical 
examination and mammography together were 
superior to physical examination and ultrasound in 
evaluating the remaining tumor size20. In a similar 
study by Fiorentino et al., it was established that 
physical examination was better than both the 
imaging techniques and that the pathology results 
were not enhanced by combining either of the 
imaging modality. In crux, mammography as a 
diagnostic tool was more precise in assessing tumor 
size than USG21.

According to Chagpar et al., after neoadjuvant 
chemotherapy, USG and mammography were just 
moderately helpful in foreseeing the remaining 
tumor size, with a precision of + 1 cm in 66% of cases 
assessed by physical examination, 70% by 
mammography and 75% by USG. Kappa values of 
(0.24 to 0.35) showed inadequate concordance 
amongst clinical and pathological measurements22. 
The two analytic imaging techniques, Breast USG 
and mammography are universally used in 
assessing the size of the tumor at the time of 
diagnosis. 

Despite clear evidence regarding the precision of 
these imaging strategies in measuring primary 
tumor size at diagnosis time, there are 
apprehensions concerning their accuracy in 
measuring the remaining tumor size after 
neoadjuvant chemotherapy. Noteworthy are the 
concerns that the response of the primary tumor to 
chemotherapy may show a discrepancy, due to 
subsequent fragmentation, fibrosis or density 
change in the cancerous tissue. All these 
discrepancies may provide a hindrance in the 
residual tumor size estimation11. Therefore, a more 
efficient method for screening breast lesions should 
be recommended by implementing the use of 
ultrasonography for breast lesions in local settings. 

CONCLUSION
In this study, ultrasonography showed more 
accuracy in determining the type of palpable 
breast lesion compared to mammography. Thus, in 
the future, healthcare facilities can apply and 
recommend ultrasonography for the prediction of 

the type of lesions found in breast lumps instead of 
going for mammography or other interventional 
procedure directly. 
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CONCLUSION
Agar diffusion test confirmed Gentamycin, Ampicillin, 
and Erythromycin susceptibility for E. faecalis but 
resistance was observed against Metronidazole. 
Moreover, Broth dilution assay test comparatively 
works better and further confirmed susceptibility to 
similar antibiotics with effective inhibition of E. faecalis 
at Minimum Inhibitory level marked 5mg/mL for 
Ampicillin and 0.5mg/mL for Gentamycin but showed 
resistance against Metronidazole.  
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DISCUSSION
This cross-sectional study was done to compare the 
diagnostic accuracy of mammography versus USG 
imaging in the prediction of malignancy in females 
presenting with palpable breast lesions taking 
histopathology as the gold standard. In this study the 
sensitivity, specificity, and diagnostic accuracy of USG 
were 69.64%, 84.09% and 76%, respectively taking 
histopathology as a gold standard. Whereas, the 
sensitivity, specificity and diagnostic accuracy of 
mammography were 60.71%, 70.45% and 65%, 
respectively, highlighting that USG is more accurate 
than mammography in breast malignancy 
prediction.

A study by Keune et al. showed that following 
neoadjuvant chemotherapy, breast USG was more 
precise in predicting remaining tumor size as 

compared to mammography. There was an 80% 
probability of complete pathological response 
when both the imaging techniques portrayed no 
remaining disease11. In another study, the frequency 
of breast malignancy was reported to be 25% in 
females screened on mammography for palpable 
breast lesions12. The sensitivity, specificity, PPV and 
NPV for USG was 86.84%, 99.6%, 94.29% and 99.01% 
compared to mammography which were 80.47%, 
73.07%, 64.79% and 85.86% for mammogram6.

The study by Shen et al. described that in high-risk 
Chinese women ultrasound as a breast cancer 
screening tool is superior to mammography. All the 
14 cancers were detected by USG, whereas only 8 
cases were detected by mammography, making 
USG a more sensitive (p=0.04, 100 vs 57.1%,) imaging 
tool with better diagnostic accuracy (p=0.01, 0.999 

vs 0.766) 13. Several studies have revealed that in 
determining primary tumor size, breast USG is superi-
or to physical examination and mammography14-16. 
However, other studies have shown that USG, mam-
mography and physical examination achieve 
equally well in detecting primary tumor size17,18. 
Nonetheless, few studies support that mammogra-
phy is superior to both physical examination and 
breast ultrasound14, 19.

Herrada et al. found that in evaluating the 
remaining tumor size physical examination is the 
most accurate method when compared to both 
the imaging techniques. Moreover, the physical 
examination and mammography together were 
superior to physical examination and ultrasound in 
evaluating the remaining tumor size20. In a similar 
study by Fiorentino et al., it was established that 
physical examination was better than both the 
imaging techniques and that the pathology results 
were not enhanced by combining either of the 
imaging modality. In crux, mammography as a 
diagnostic tool was more precise in assessing tumor 
size than USG21.

According to Chagpar et al., after neoadjuvant 
chemotherapy, USG and mammography were just 
moderately helpful in foreseeing the remaining 
tumor size, with a precision of + 1 cm in 66% of cases 
assessed by physical examination, 70% by 
mammography and 75% by USG. Kappa values of 
(0.24 to 0.35) showed inadequate concordance 
amongst clinical and pathological measurements22. 
The two analytic imaging techniques, Breast USG 
and mammography are universally used in 
assessing the size of the tumor at the time of 
diagnosis. 

Despite clear evidence regarding the precision of 
these imaging strategies in measuring primary 
tumor size at diagnosis time, there are 
apprehensions concerning their accuracy in 
measuring the remaining tumor size after 
neoadjuvant chemotherapy. Noteworthy are the 
concerns that the response of the primary tumor to 
chemotherapy may show a discrepancy, due to 
subsequent fragmentation, fibrosis or density 
change in the cancerous tissue. All these 
discrepancies may provide a hindrance in the 
residual tumor size estimation11. Therefore, a more 
efficient method for screening breast lesions should 
be recommended by implementing the use of 
ultrasonography for breast lesions in local settings. 

CONCLUSION
In this study, ultrasonography showed more 
accuracy in determining the type of palpable 
breast lesion compared to mammography. Thus, in 
the future, healthcare facilities can apply and 
recommend ultrasonography for the prediction of 

the type of lesions found in breast lumps instead of 
going for mammography or other interventional 
procedure directly. 
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