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Azithromycin in Combination with Hamamelitannin as a Quorum Inhibitor for Common
Bacteria in Surgical Site Infection
Abstract
Surgical Site Infection (SSI) is a common complication in postoperative patients,
with an occurrence rate as high as 25%, depending on the location in which the surgery
took place. In this study, Azithromycin and Hamamelitannin were combined to test for
antibiotic activity against Staphylococcus epidermidis using the Kirby Bauer Diffusion
Assay. The Kirby-Bauer test is commonly used to demonstrate the efficacy of antibiotics
against selected bacteria. Zones of inhibition using Antibiotics individually and combined
were measured to show the synergistic antibiotic effect of the agent. The results
indicate that by combining 1.0 μg Azithromycin/ mL H₂O and 10 μg Hamamelitannin/ mL
H₂O and S. epidermidis can be most effectively inhibited compared to either agent on
their own.
Introduction
Surgical Site Infection (SSI) is a common complication in surgical procedures
typically occurring within the first 30 days post-operation. A study conducted by a
research group at the Technical University of Munich in 2015 found the incidence rate of
Surgical Site Infection to be as high as 25%, depending on the anatomical location of
the surgeries’ opening site (Obermeier, et al., 2015). The CDC, the Centers for Disease
Control and Prevention, estimated that approximately 500,000 Surgical Site Infections
occur each year in the United State. Surgical Site Infections are separated into two
categories during discussion, the first being superficial, and the second involving deeper
tissues and organs. It has been proved that a majority of these infections are produced
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by the formation Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia
coli biofilms in the area of the procedure (Wolcott, R., Gontcharova, V., Sun, Y.,
Zischakau, A., & Dowd, S., 2009).
Surgical Site Infections have been found to have the ability to have both
economic and physical impacts on patients in the United States. A study conducted in
2013 by researchers at Johns Hopkins University followed the cases of 1,973 patients
across four acute care hospitals in Maryland (US). It was found that patients with SSI
have higher daily total costs, a longer length of stay, and a higher 30-day readmission
rate when compared to patients without Surgical Site Infection. The study concluded
that the change in profit due the occurrence of SSI in patients was $2,268,589 across all
four hospitals. (Shepard J., et al., 2013). Another study conducted by researchers from
the Center for Nosocomial Infection Control showed that among 38973 surgical
patients, 1344 (3.4%) patients developed Surgical Site Infection and of those infections
78 (1.5%) resulted in death as a result of the infection. (Astagneau P, et. al., 2001).
To prevent the occurrence of a Surgical Site Infection, it is suggested that
antimicrobial-coated suture thread be used to close a surgery’s open site. Antimicrobial
coatings are currently being studied to target specific bacteria within SSI to assist in the
treatment and prevention of infections in postoperative patients. Researchers from
Warwick Medical School (UK) and the Northumbria NHS Foundation Trust (UK) looked
at the in depth application of triclosan Vicryl plus suture thread in the prevention of SSIs
and found that patients closed with these antimicrobial sutures had a decreased chance
of developing SSI (Sprowson et al, 2014). However, in the September of 2016 the FDA
issued a ban on the use of Triclosan among other chemicals in the production of
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commercial products. Because of this change, new antimicrobial substances are being
researched to prevent the occurrence of Surgical Site Infection.
Antibiotic resistance in bacteria is one of the leading issues during the prevention
and treatment of bacterial infections during the length of a hospital stay. According the
United States Center for Disease Control and Prevention, 2 million people develop
bacterial infections that have become resistant to antibiotics annually, and of these
people 23,000 of them die as a direct result of the infection. Antibiotic resistance is
caused by the overuse and under-regulation of common antibiotics such as penicillin.
At a cellular level, antibiotic resistance is spread through the process of natural
selection and cell-to-cell communication systems. When large populations are treated
with an antibiotic, bacteria with the ability to resist the attempted therapy have a higher
chance of forming colonies with the ability to resist the previously used antibiotic. New
antimicrobial compounds are constantly searched for to assist in disease prevention
and treatment, however with bacteria factors such as resistance the process is never
ending. As new drugs are developed it is often seen that they are limited to only those
patients with the most threatening bacterial infections in order to prevent the same over
usage patterns that had been observed in the past.
Quorum sensing is a process of
bacterial cell-to-cell communication in which
small, released signaling molecules are used
to coordinate gene expression among local
populations. It is used to coordinate biofilm
development and contribute to a bacteria’s

Figure 1.
The 2D Structure of Hamamelitannin
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ability resist the antimicrobial effect of drugs (Lasarre, B., & Federle, M. J., 2013).
Through research, it becomes evident that being able to inhibit this aspect in
microorganisms could potentially assist in the elimination of dangerous bacteria from
the body. In this study, Staphylococcus epidermidis was treated with two antibiotics,
Azithromycin and Hamamelitannin. These antibiotics were chosen due to their
individual antibacterial characteristics discovered in previous studies. Azithromycin was
found to inhibit the growth of bacteria by attacking its membrane and was discovered to
be a Quorum Sensing Inhibitor (QSI) of Pseudomonas aeruginosa. A study published
by the American Society for Microbiology
explained that azithromycin directly affects the
outer membrane of gram-negative bacteria such
as P. aeruginosa by causing the displacement of
divalent cations from binding sites on LPS on the
bacteria’s outer membrane (Imamura, Y., et al,
2005). Hamamelitannin, a major active

Figure 1.
The 2D Structure of Azithromycin

component within the bark of Hamamelis
virginiana (witch hazel), has been labeled as a quorum sensing inhibitor Staphylococcus
bacteria, including but not limited to Staphylococcus aureus. A study published in the
Journal of Molecular Pharmacology found that hamamelitannin is an inhibitor for
bacterial cell-to-cell communication by acting as a quorum-sensing inhibitor RNAIIIinhibiting peptide. It was found that hamamelitannin prevented infections in vivo with
both Staphylococcus epidermidis and methicillin-resistant Staphylococcus aureus. The
study advised that “hamamelitannin… be used as a suppressor to staphylococcal
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infections” (Kiran M., et al, 2008). A possible advantage found in using a quorum
sensing inhibitor would rely on the theory that by not attacking the bacteria’s cell wall,
then it is less likely that it will attempt to resist the inhibition. Resistance mechanisms in
bacteria for quorum sensing inhibitors would take longer to develop making anti-quorum
sensing therapies a long-term advancement in the treatment and prevention of infection.
This study evaluated the potential synergistic effect of Hamamelitannin when
combined with Azithromycin in the growth inhibition of Staphylococcus epidermidis.
When two or more drugs are combined, the joined effect may be synergistic or
antagonistic. The combined drug is synergistic if the effect of the joined drugs performs
at a greater efficiency than either included drug individually. If a combination of drugs is
considered antagonistic, this means that the combined effect is either consistent or less
than either drug individually.
Purpose
Combining azithromycin and hamamelitannin to form a dual acting antibacterial
coating for Surgical Suture thread has the potential to reduce the occurrence rate of
surgical site infection in postoperative patients. Along with lowering the morbidity and
mortality ratings of the disease, this antibacterial precaution may ultimately reduce
patient’s hospital stay and prevent additional surgeries needed to otherwise repair the
damage caused by the infection.
Hypothesis
The initial research question addressed in this study is as follows:
Will the combination of hamamelitannin and azithromycin be more effective in the
elimination of Staphylococcus epidermidis when compared to azithromycin individually?
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Null Hypothesis:
The combination of azithromycin and hamamelitannin will have the same of an antibiotic
effect against Staphylococcus epidermidis alone when compared to azithromycin alone.
Alternative Hypothesis:
The combination of azithromycin and hamamelitannin will have the less of an antibiotic
effect against Staphylococcus epidermidis alone when compared to azithromycin alone.
Variables
Dependent Variable:
The size of the measured zones of inhibition (mm)
Independent Variable:
The bacteria were incubated at a constant 37 ℃ throughout the experiment.
Incubation took place for 24 hours.
Statistical Analysis:
T-Test was used to compare the reliability of difference between the individual and
combined dose response results.
Sample Size:
Each concentration was tested in triplicate throughout both stages in experimentation.
There was five concentrations for each Individual dose response (azithromycin and
hamamelitannin separately) and five concentration for the combined dose response
(azithromycin + hamamelitannin).

Materials
5 mg Azithromycin (ATCC 700853)

AZITHROMYCIN IN COMBINATION WITH HAMAMELITANNIN

8

5 mg Hamamelitannin (Sigma-Aldrich)
70% alcohol (TOHS Provided)
Eppendorf tubes (TOHS Provided)
Incubator (TOHS Provided)
P-20, 200, and 1000 micropipette (TOHS Provided)
P-20, 200, and 1000 micropipette tips (TOHS Provided)
25 mL Serological Pipet (TOHS Provided)
21 petri dishes (TOHS Provided)
100 g Mannitol Salt Agar (Amazon)
Laminar Flow (TTOHS/ Amgen Provided)
Bleach (TOHS Provided)
Autoclave (BioClave)
Blank Diffusion Discs/Filter Paper (Remmel) (TOHS Provided) - 48 discs total, 3 per
plate
Staphylococcus epidermidis(ATCC 35983)
Forceps (TOHS Provided)
Volumetric Flasks (TOHS Provided)
Laboratory Refrigerator (TOHS Provided)
Aluminum Foil (TOHS Provided)
50 g Tryptic Soy Broth Powder (Thermo-Fischer)

Safety Issues
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Staphylococcus epidermidis a Biosafety Level 1 organism therefore can be used
in a high school’s lab with the application of standard Lab Safety guidelines and extra
precaution when handling items in contact with bacteria. Materials such bleach and
alcohol was only used per advisor's consent. After work with the bacteria was
completed in the fume hood, the forceps were disinfected with bleach in order to kill the
possible bacteria that made contact with it. When the bacteria needed to be discarded,
it was bleached and allowed time to sit in the fume hood to ensure cell death.

Methods
Preparing Mannitol Salt Agar
A total of 220mL Mannitol Salt Agar was prepared to cover each petri dishes at 20 mL
each. The Agar was prepared at concentration of 15.0 g Mannitol Salt Agar per 100 mL
di H₂O. The solution was heated until boiling and then transferred to the autoclave
(bioclave). The Agar then was autoclaved at a pressure of 25 PSI and a temperature of
125 °C until sterile and was then stored in the fridge overnight.
Preparing the Petri Dishes
The area used for experimentation was sterilized using 70% alcohol before starting the
next phase in experimentation. The flasks of Agar, if solidified, were placed into hot
water baths until liquefied. 20 mL of Mannitol Salt agar was transferred into individual
plates using a 25 mL serological pipette. The plates were not moved in anyway for 30
minutes, allowing time for the plates to solidify. After 30 minutes, the dishes were then
taped securely and stored in the fridges upside down overnight to prevent condensation
sitting on the agar.
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Preparing Tryptic Soy Broth
Tryptic Soy Broth was used for the creation of S. Epidermidis standing cultures. A new
culture was made every 24 hours and incubated at 37℃, until Log phase was reached.
1.7 g of dehydrated Tryptic Soy Broth was added to 100 mL diH₂O and stirred until the
broth powder was completely dissolved. The broth was then autoclaved and separated
into five sterile conical flasks, each contained 20 mL broth each to be used throughout
the course of the experiment. This step was repeated as many times as new standing
cultures were needed to maintain a stock solution.
Rehydrating Staphylococcus epidermidis
1 mL Tryptic Soy Broth was added to the Lyophilized S. Epidermidis (ATCC ® 14990™)
and mixed gently using a sterile pipette tip. This Rehydrated Culture was then pipetted
into a separate vial containing 5 mL of Tryptic Soy Broth and incubated at 37°C for 24
hours.
Preparing Antibiotic Solutions
The concentrations for the initial dose responses were decided through the analysis of
previously published academic papers. The concentrations decided for the Azithromycin
dose response tests included 0.05 µg/mL diH₂O, 0.10 µg/mL diH₂O, 0.50 µg/mL diH₂O ,
1.0 µg/mL diH₂O, and 1.5 µg/mL diH₂O. The concentrations decided for the individual
dose response tests of Hamamelitannin included 1.0 µg/ml diH₂O, 5.0 µg/ml diH₂O,
10.0 µg/ml diH₂O, 20.0 µg/ml diH₂O, and 30.0 µg/ml diH₂O. DiH₂O used for the creation
of antibiotic stock solutions and dilutions was autoclaved to ensure the sterility of the
antibiotics used for the dose responses. The amount of dehydrated antibiotic used was
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calculated from the equation: Vol. (ml) x desired conc. (µg/ml) Weight (mg) = Potency
(µg/mg).
Preparing the Antimicrobial Paper Disks
The Remmel Blank antibiotic susceptibility disks with a 0.63 mm diameter were
separated into three foil packages of 15 disks. The discs were then autoclaved and
stored in the fridge. A sample disk was tested to see the volume of solution each disk
could completely absorbed. It was found that each disk could hold up to 30µL of
solution.
Impregnating and Storing the Antibiotic Susceptibility Disks
Fifteen of the sixty disks were taken and organized into five rows of three disks, each
row with its own designated concentration out of the Azithromycin gradient. The next
fifteen were arranged in the same manner but the concentrations were from the
previously stated Hamamelitannin concentration gradient. Three if the remaining discs
were set aside as a control group (As illustrated below). The susceptibility were
organized and developed on autoclaved sheet of aluminum foil to maintain the sterility
of the disks for the dose response testing (Figure 3). This control group was measured
to show the true effect of the single antibiotic dose responses. The disks, after
impregnation, were allowed 20 minutes in the fume hood to fully absorb and dry before
being transferred into Eppendorf tube containing only disks of the same antibiotic and
concentration (3 disks per tube). The disks were stored in the lab fridge overnight
before experimentation.
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The Kirby Bauer Diffusion Assay
100 µL of Staphylococcus epidermidis was pipetted onto each plate and spread
evenly around the plate. These plates were allowed three minutes to settle prior to disk
placement. Individual disks were transferred using sterile forceps and placed flatly on
the plated S. epidermidis petri dishes. The discs were gently pushed down onto the
plates with force to ensure the disc remained flat throughout incubation. Forceps were
autoclaved before experimentation to ensure sterility. Enough forceps were autoclaved
so that different forceps were used for each antibiotic to avoid contamination (Figure 4).
Individual Dose Response
The Azithromycin dose response test used concentrations including 0.05 µg/mL
diH₂O, 0.10 µg/mL diH₂O, 0.50 µg/mL diH₂O, 1.0 µg/mL diH₂O, and 1.5 µg/mL diH₂O.
The most effective concentration of Azithromycin was combined with all five
concentrations of hamamelitannin The five concentrations of hamamelitannin included
1.0 µg/ml diH₂O, 5.0 µg/ml diH₂O, 10.0 µg/ml diH₂O, 20.0 µg/ml diH₂O, and 30.0 µg/ml
diH₂O. DiH₂O. The same methods for the Kirby Bauer diffusion assay were repeated
for this step.
Synergistic Dose Response
The combined solution was made with equal amounts of both solutions and vortexed for
thirty seconds to ensure that both solutions were completely mixed. The same methods
for the Kirby Bauer diffusion assay were used for this step.
Incubation
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After preparation, the plates were placed in an incubator at 37 °C for 24 hours. The
platers were inverted to avoid the contamination due to condensation within the plates.
Measuring Zone Inhibition
After 24 hours, the zones of inhibition were recorded and the data was averaged
between all three trials. A ruler was used to record the diameter of each zone in
millimeters. Each concentration’s zones were averaged and compared

Results
Single Antibiotic Dose Response Data
After the Azithromycin and Hamamelitannin dose response tests, it was found that
Azithromycin at a concentration of 1.0 µg/ml H₂O most effectively inhibits the growth of
Staphylococcus epidermidis with a zone of inhibition (ZOI) averaging at 12mm in
diameter. The lowest average of the individual azithromycin dose response was found
at 0.05 µg/ml H₂O with a zone measurement of 6.33 mm. The responses increased
until reaching a maximum average zone at 1.0 µg/ml H₂O, then lowering to an average
ZOI of 9 mm. As expected, Hamamelitannin was not observed to individually inhibit the
growth of S. epidermidis
Synergistic Dose Response Results
Seeing the best concentration of azithromycin was 1.0 µg/ml H₂O, all five
concentrations of Hamamelitannin was combined with the given azithromycin solution
and the methods were repeated. It was found that the addition of 10 µg
Hamamelitannin/ ml H₂O to the selected Azithromycin inhibited S. epidermidis the most

AZITHROMYCIN IN COMBINATION WITH HAMAMELITANNIN

15

with an averaged zone of 15mm in diameter. The averages of the combined dose
response, as seen in Figure 8, showed an increasing ZOI until reaching a maximum
point of efficiency
Concentration
µg
Azithromycin
/ml H₂O
0.05

Trial 1

Trial 2

Trial 3

Average

6 mm

7 mm

6 mm

6.33 mm

0.1

7 mm

8 mm

7 mm

7.33 mm

0.5

9 mm

8 mm

7 mm

8 mm

1

11 mm

13 mm

12 mm

12 mm

1.5

10 mm

8 mm

9 mm

9 mm

Figure 5. Data Table of Azithromycin Dose Response and averages.

Figure 6. This table shows the individual effects Azithromycin against
Staphylococcus epidermidis at various concentrations per trial average
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Concentration µg
Hamamelitannin /ml
H₂O + 1.0 µg
Azithromycin /ml H₂O

Trial 1

Trial 2

Trial 3

Average

0

11 mm

12 mm

13 mm

12 mm

1

12 mm

14 mm

11 mm

12 mm

5

13 mm

13 mm

12 mm

12.67 mm

10

14 mm

15 mm

16 mm

15 mm

20

11 mm

10 mm

11 mm

10.67 mm

30

9 mm

11 mm

10 mm

10 mm

Figure 7. This table demonstrates the synergistic effects of Hamamelitannin and
Azithromycin against Staphylococcus epidermidis at various concentrations per trial.

Hamamelitannnin + Azithromycin Dose Responce
18

ZONES OF INHIBITION (DIAMETER MM)

16
14
12
10
8
6
4
2
0
0

1

5

10

20

30

CONCENTRATION ΜG HAM + 1.0 ΜG AZITHROMYCIN/ H₂O

Figure 8. This graph demonstrates the synergistic effects of Hamamelitannin and
Azithromycin against Staphylococcus epidermidis at various concentrations.
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Sources of Error
Sources of error may have occurred during the storage of antibiotics.
Azithromycin and hamamelitannin were labeled to be stored in the fridge or freezer;
however, with the lab fridge consistently being opened and closed the temperature may
have changed during the time of storage. The amount of time the combined antibiotic
solutions were vortexed should be increased if the experiment is repeated to ensure the
two antibiotics were completely combined. Sterility may have been compromised during
the lab work. Further improvements in the sterility of product storage could have
contributed to error within the project.

Discussion
By combining 1.0 μg Azithromycin/mL H₂O and 20 μg Hamamelitannin/ mL H₂O,
S. epidermidis can be most effectively inhibited compared to either agent on their own.
The results indicate that Hamamelitannin increases the antibiotic susceptibility of S.
epidermidis. By comparing the synergistic zones of inhibition to the individual zones of
inhibition, it is seen that adding 20 μg hamamelitannin/ mL H₂O the antibiotic effect is
increased by 25%. As expected, hamamelitannin did not provide any evidence of
inhibition by itself. My original hypothesis was proved correct by the results of this study
in that the combination of hamamelitannin and azithromycin would prove to be more
effective in the elimination of Staphylococcus epidermidis than azithromycin individually.
The results are considered statistically different enough by the T-Test. With a value of
0.011, the null hypothesis, which states that the combination of azithromycin and
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hamamelitannin will have either have a decreased or same antibiotic effect against
Staphylococcus epidermidis.
The results of this study hold significant implications because of how they could
translate into product development in the medical field. This project developed a novel
method for determining the individual and synergistic antibiotic effect of any chosen
antimicrobial substance against any hosed selected organism. With the application of
this compound antibacterial agent in the medical field, the rate of Surgical Site
Infections could decrease, as well as open the door to new research in quorum sensing
inhibitors. If a quorum sensing inhibitor is designed for the most threatening bacteria,
doctors can lower their patient's likelihood of infection substantially by fighting it before it
occurs. With the inhibition of bacteria in Surgical Site Infection, less people will become
infected therefore reducing the morbidity and mortality rates.
Limitations
Overall Limitations
Although completed in triplicate, this study should be done in multiple more trials
to ensure the results as correct. This study is meant to be a pilot study for future
research on the possible application of hamamelitannin and azithromycin in the medical
field. It is recognized that only a portion of the bacteria the two antibiotics were targeted
towards were tested, however with more time the study could be continued.
Methods
The Kirby-Bauer Diffusion assay offers a basic understanding on the sensitivity of
an organism when exposed to specific substance. This method has been found to have
certain limitations regarding consistency and unknown drug interactions. Data can be
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biased if the cultures used do not have the same viscosity as the control. To address
this, the optimal density (OD) of each culture used in the experiment was measured with
a spectrophotometer, and only cultures with similar readings were used. Another
possible limitation of the Kirby-Bauer diffusion assay was remaining a consistent rate of
drug diffusion; however, the same size, brand, and shipment of blank susceptibility
disks were used. In addition, all disks were allowed the same amount of time to absorb
the same amount of antibiotic (30 µL).

Time
While working with Staphylococcus epidermidis experimentation is limited to 24hour segment due to incubation and standard growth rates. The project required a
minimum of four days to complete the Kirby-Bauer diffusion assays in order to create
and use cultures of similar bacterial viscosity. However, with product limitations and
shipping setbacks the study only had enough time for a complete analysis of the
antibiotics against one bacteria.
Information Availability
With a shortage of studies available on the effective concentrations of
Hamamelitannin, the amount of hamamelitannin needed to run the experiment was
unknown. The range of the concentration gradient was decided based on the amount of
hamamelitannin powder obtained and the few studies containing the chemical.
Product Availability
There was a limited amount of online suppliers that sold Hamamelitannin,
therefore creating problems with finding an available, reliable source of material
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collection. The length of shipping and dates of order availability caused issues with lab
work scheduling. The orders also had to be placed through the school accounts due to
lab certification standards. Material limitations were relevant due to financial abilities
and the safety restrictions of a biosafety level one lab.
Further Work
Due to the limitations within this project, only one bacteria found in Surgical Site
Infections was tested against with the aimed antibiotics. With more time, seeing the
synergistic effect of Azithromycin and Hamamelitannin against Staphylococcus aureus,
Pseudomonas aeruginosa and Escherichia coli would be valuable in knowing the
strengths and weaknesses of the antibiotic within its intended purpose. This study also
should be completed in a higher number of trials to ensure results and see statistical
differences. This study’s methods have been proved to produce results of significance
and could potentially be applied as a template for comparing individual and synergistic
effects of selected antibiotics against any chosen bacteria.
Conclusion
This project investigated the individual and synergistic antimicrobial effect of
azithromycin and hamamelitannin in regards to common bacteria in Surgical Site
Infection. The results of the experiment indicate that the synergistic effect of
Azithromycin and Hamamelitannin is 25% greater than the antimicrobial effect of either
agents individually, therefore supporting the hypothesis that the combination of
hamamelitannin and azithromycin would prove to be more effective in the elimination of
Staphylococcus epidermdiis than azithromycin individually. This indicates that these two
antibiotics combined could contribute to the treatment and prevention of Surgical Site
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Infection.
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