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Methods: Open label, prospective, placebo-controlled study included community-acquired primary pyoderma cases  gmail.com
caused by S. aureus. Severity grading was done on a scale of 1-5. Green tea ointment 3% and placebo ointment

were used. Cure was defined on the basis of negative culture and assessment of clinical improvement. Minimum

inhibitory concentration was determined by agar dilution method. Data were analyzed using Statistical Package for

Social Sciences (SPSS) software version 16.

Results: Of the 372 patients, 250 received green tea and 122 received placebo. Multidrug-resistant S. aureus

was isolated in 89.1% in green tea group and 81.1% in placebo group, respectively. Methicillin-resistant S. aureus

was isolated in 24 patients. Cure was seen in 86% in green tea group and 6.6% in placebo group which was

statistically very significant. The number of days for comprehensive cure in green tea group was 9.2 + 6.4 days.

All patients with methicillin-resistant S. aureus infection in the green tea group were cured. Minimum inhibitory

concentration of green tea against S. aureus was 0.0265 + 0.008 pg/ml and against methicillin-resistant S. aureus

was 0.0205 £ 0.003 pg/ml.

Limitations of the Study: Comparative trial was not conducted in the same patient with different lesions; children

less than seven years were not considered as the school authorities did not permit for younger children to be included

in the study and true randomization and blinding of investigators were not done.

Conclusions: Green tea has a significant antibacterial effect against multidrug-resistant S. aureus. Minimum

inhibitory concentration of green tea is established and is promising in methicillin-resistant S. aureus infections.
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Introduction

The development and rapid escalation of multidrug-resistant
Staphylococcus  aureus worldwide 1is worrisome. This is
compounded by the emergence of methicillin-resistant S. aureus
in both hospital- and community-acquired infections along with its
increased rate of nasal colonization. S. aureus is a versatile pathogen
capable of causing a variety of human infections. The capacity of
S. aureus to colonize, produce several virulence factors, acquire
drug resistance and spread has contributed to its pathogenicity.!
It is believed that poor patient compliance and misuse or abuse
of antibiotic play important roles in resistance development.
New paradigms for the treatment of bacterial infections are badly
needed as the utility of conventional antibiotics is being eroded by
the spread of multiple drug resistance. In view of the rapid spread
of multidrug-resistant S. aureus worldwide, search for a newer
antimicrobial agent which is effective and prevents the development
of resistant strains of S. aureus is essential. Catechin-mediated
effects may serve as useful indicators for the development of novel
modalities for the treatment of infection.?

Recent data suggest that green tea contains polyphenols
predominantly catechins (flavo-3-ols) which has antimicrobial
activity against wide range of pathogenic bacteria including
methicillin-resistant S. aureus both in vitro and in vivo.*¢ Its
antimicrobial effects are reported to be the result of the disruption
of bacterial cell membranes by triphenols. Our study is based on
this hypothesis, as effectiveness of green tea against S. aureus as
antibacterial agent has not been studied extensively in human cases.
This study was conducted to evaluate the effectiveness and safety of
topical green tea on primary pyoderma caused by S. aureus in human
cases. We also determined the minimum inhibitory concentration of
green tea against S. aureus and methicillin-resistant S. aureus.

Methods

This was an open-labeled, prospective, placebo-controlled study for
a period of 1 year from August 2014 to July 2015.

Study group

Primary pyoderma cases caused by S. aureus from schools near
Rajarajeswari Medical College and Hospital, Bengaluru, India, were
inducted. Inclusion criteria included positive bacterial culture and
history of being untreated during the past 30 days. Clinical severity
grading was done on a scale of 1-5 according to the presence of
erythema, vesiculopustular eruption, scaling and crusting, discharge
and edema due to inflammation. Patients having all five elements
on day 1 were labeled as having score 5. Only patients with score 4
and 5 were included in the study. Patients with hypersensitivity to
green tea were excluded from the study. Complete hemogram and
urine examinations were done before initiating treatment. Written
informed consent was obtained before study enrollment.

Green tea extract

Green tea prepared in ointment base at a concentration of 3%
was used. Green tea was extracted by continuous hot percolation
method.” One hundred grams of shade dried powdered material was
packed in the Soxhlet apparatus. Active constituents were extracted
using absolute alcohol at low heat. Extract was concentrated by
evaporating the solvent at low temperature and semisolid extract was
concentrated further by drying it over sodium sulfite in a desiccator.
Final extract was dark in color with semisolid consistency with the
yield of 21% w/w. Three grams of the extract was incorporated
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in 100 g of simple ointment and used for clinical evaluation and
antimicrobial activity.

Constituents of green tea ointment (3%)

. Green tea extract: 3 g

. Wool fat: 5 g

. Hard paraffin: 5 g

. Polyethylene glycol 400 USP: 5 g

. Yellow soft paraffin: 82 g (for 100 g of ointment).

Sample size estimation
The sample size was calculated using the formula:

xp(-
== pg p)
C

Where z = 1.96, P = Prevalence of the primary pyoderma is 35%,*
¢ =10% of prevalence.

Hence, at confidence level of 95%, calculated sample size was 373.

Study design

The research protocol was approved by the institutional ethics
committee. Randomization was done on a ratio of 2:1 (green tea
vs. placebo). This ratio was approved by statistician based on the
literature.” The cross-sectional study was done for school children
between 8 and 16 years. The primary pyoderma cases were identified
and grouped into interventional groups, namely, green tea and
placebo group. Each interventional group was chosen from random
method based on which after for every two cases of green tea group
and third case was taken for placebo group. Green tea ointment 3%
and yellow soft paraffin as placebo were given to the patients in the
respective groups and were instructed to apply to the affected sites
twice daily for 15 days. The study was not blinded. No other topical
or systemic antimicrobials were allowed during the study.

Assessment

The patients were evaluated initially and every 3™ day. Serial pus
swabs were collected from pyoderma lesions and subjected to
Gram’s staining and culture. The bacterial isolates were identified
using standard procedure.!® S. aureus was identified on the basis
of colony morphology, Gram’s stain, catalase test, slide and tube
coagulase test and modified Hugh Leifson’s oxidation fermentation
test.!! Antibiotic sensitivity was performed on all S. aureus isolates
using Kirby-Bauer disc diffusion method."? S. aureus ATCC 25923
was used as control. Cefoxitin was used for initial screening
for methicillin resistance.”® Isolates found resistant was further
confirmed by oxacillin agar. The minimum inhibitory concentration
of oxacillin was determined using agar dilution.'* S. aureus ATCC
29213 was used as control. Cure was defined on the basis of negative
culture and clinical improvement. Patients with score 0—1 was
considered as cured, 23 as improved and 4-5 as treatment failure.

Minimum inhibitory concentration of green tea against S. aureus
and methicillin-resistant S. aureus was determined using agar
dilution method recommended by Clinical and Laboratory Standards
Institute.”* Minimum inhibitory concentration was defined as the lowest
concentration that inhibited growth completely. Minimum inhibitory
concentrations were recorded after 24 h of incubation at 35°C.

Data were analyzed by mean, standard deviation and Chi-square
tests at 95% confidence interval from Statistical Package for Social
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Sciences, International Business Machines Corporation, Armonk,
New York, United States, version 16 and Microsoft Excel software.

Results

Out of 395 patients observed, a total of 380 patients of primary
pyoderma caused by S. aureus were included in the study. Of the
372 patients who completed the study, 250 received green tea and
122 received placebo. Mean age and mean duration of lesions were
almost similar in both groups [Table 1]. The age group varied from § to
16 years. Sex distribution in both groups was almost similar, majority
being men [Table 1]. Statistically, there was no significant difference
between the age, duration and sex distribution of the groups.

Impetigo contagiosa was the most common form of pyoderma
in both groups [Table 2], followed by ecthyma and folliculitis.
Most common site was face (48.4%) followed by legs (32.6%).
S. aureus was isolated as single organism in 236 (94.4%) patients
and 110 (90.2%) patients in green tea and placebo group,
respectively [Table 3].

As per the antibiogram [Table 4], highest resistance was shown
to penicillin followed by erythromycin and co-trimoxazole.
Multidrug-resistant S. aureus was isolated in 89.1% patients in
green tea group and 81.1% in placebo group. Methicillin-resistant
S. aureus was isolated in 24 (6.5%) patients (18 patients in green tea
group and 6 patients in placebo group).

Efficacy assessment was done at 0, 3, 6, 9, 12 and 15 days. On an
average, the number of days for comprehensive cure with green tea

Table 1: Comparison of the two groups before therapy

Parameters GT group Placebo group
(n=250) (n=122)
Mean age (years) 12.31 11.01
Mean duration of lesions (days) 6.42 5.81
Sex (%)
Male 74.24 81.20
Female 25.76 18.80

P=0.6854. GT: Green tea

Table 2: Types of pyoderma

Type GT group (%) Placebo group (%)
Impetigo contagiosa 104 (41.6) 71 (58.2)
Ecthyma 55(22) 19 (15.6)
Folliculitis 49 (19.6) 20 (16.4)
Furunculosis 24 (9.6) 9(74)
Bullous impetigo 18 (7.2) 3(2.5)

Total 250 122

GT: Green tea

Table 3: Pattern of isolates from pyoderma
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group was 9.2 £ 6.4 days [Table 5]. Up to 86% in green tea group
and 6.6% in placebo group were cured [Table 6]. This difference was
statistically very significant (P <0.01). Significantly, all patients with
methicillin-resistant S. aureus infection in green tea group were cured.
Duration for comprehensive cure was 3-9 (6 + 2.7) days. Clinical
cure of few cases are shown in Figure 1a and b (case 1 of folliculitis
on right forearm in 10 years old girl); and Figure 2a and b (case 2 of
Impetigo contagiosa on upper lip in 12 old years girl). In contrast,
none responded in the placebo group. The duration for cure was
less in methicillin-resistant S. aureus infections compared to that of
nonmethicillin-resistant S. aureus infections.

Minimum inhibitory concentration of green tea against S. aureus
was 0.0265 + 0.008 pg/ml (control S. aureus ATCC 25923) and
against methicillin-resistant S. aureus was 0.0205 + 0.003 pg/ml
(control S. aureus ATCC 29213). Interestingly, it was lower with
methicillin-resistant S. aureus compared to nonmethicillin-resistant
S. aureus strains.

Itching, burning and erythema were the adverse effects and were
noticed in only one patient in green tea group. It was well tolerated
and accepted by all other patients.

Discussion
Emergence of multidrug-resistant S. aureus both in hospital and
community level is a growing menace. Multidrug-resistant S. aureus

Table 4: Antibiotic resistance in Staphylococcus aureus

Antibiotics Number (%) of bacteria resistant
GT group Placebo group
Ciprofloxacin 6(2.4) 4 (3.3)
Co-trimoxazole 102 (40.8) 57 (46.7)
Erythromycin 168 (67.2) 80 (65.6)
Gentamicin 32 (12.8) 14 (11.5)
Oxacillin (methicillin) 18 (7.2) 6 (4.9)
Penicillin 209 (83.6) 108 (88.5)
Tetracycline 28 (11.2) 15 (12.3)
Vancomycin 0 0

P=0.9396. GT: Green tea

Table 5: Assessment of efficacy (comprehensive cure)

Days GT group, % (n=250) Placebo group, % (n=122)
Day 0 0 0

Day 3 30.3 2.31

Day 6 49.6 4.62

Day 9 82.5 5.34

Day 12 85.93 6.13

Day 15 86 6.56

GT: Green tea

Table 6: Assessment at the end of 15 days

Number of isolates GT Placebo
group (%) group (%) Outcome GT group, % Placebo group, %
Single (S. aureus) 236 (94.4) 110 (90.16)  Cured 86 6.56
Mixed (S. aureus + B-hemolytic streptococci) 14 (5.6) 12 (9.84) Improved 8.8 9.02
Total 250 122 Failure 5.2 84.42

S. aureus: Staphylococcus aureus, GT: Green tea

P<0.001. GT: Green tea
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Figure 1a: Folliculitis on the right forearm in a 10-year-old girl, baseline

Figure 1b: Response to topical green tea, day 9

Figure 2a: Impetigo contagiosa on the upper lip in a 12-year-old girl, baseline

is defined as those organisms that were resistant to one or more
therapeutic classes of antimicrobial agents.'

Emergence of multidrug-resistant bacteria is a threat to the
effective treatment of serious infections, especially in hospitals.'®
The present study clearly shows that multidrug-resistant S. aureus
has become a significant community pathogen (89.1% patients in
green tea group and 81.1% in placebo group). Methicillin-resistant
S. aureus in community-acquired pyodermas has been reported
previously as 9.6% and 10.9%, whereas in the present study, it was
lower (6.5%).'7"® This very high rate of multidrug-resistant S. aureus
in community-acquired pyodermas in the present study may be
because we considered strains resistant to more than one drug as
multidrug-resistant S. aureus based on literature.”> Indiscriminate
use and over-counter availability of different antibiotics may also
be the reason for such a high resistance in this community-acquired
pyoderma isolates.

According to legend, the origin of tea dates back to 2737 BC
when Chinese Emperor Shen Nung enjoyed the fragrant beverage
produced after dried tea leaves from a nearby bush blew into a pot of
boiling water. From its discovery in ancient China 5000 years ago,
tea has become the most widely consumed man-made beverage in
the world."*-??

Tea is derived from the plant Camellia sinensis and is available
in three main varieties: green, black and oolong tea.”* The major
chemical constituents of tea are the polyphenols which make up to
30% of the dry weight of fresh leaf. The predominant polyphenols
in tea are catechins (flavon-3-ols), of which there exist four
major forms: epicatechin, epicatechin-3-gallate, epigallocatechin

Figure 2b: Response to topical green tea, day 6

and epigallocatechin-3-gallate.”> Of the three types of tea,
green tea has the highest catechin content, the main form being
epigallocatechin-3-gallate, constituting up to 60% and has the
strongest bactericidal effect.!*?* Epigallocatechin-3-gallate and
other catechins act as bactericidal agents by directly binding to
peptidoglycan and interfering with the integrity and biosynthesis
of cell membrane.?** Yam et al. have used 2% green tea extract
directly on clinical isolates available in their research collection.*
However, ours being clinical study, 3% alcoholic extract in 100 g
of ointment was used. When 2-4 g of ointment is used for topical
application, it makes up to 0.5%—1% of green tea extract because of
alcoholic extraction.

Only children studying in the third to tenth standard were considered
as the school authorities did not permit for younger children
to be included in the study. Hence, age group of 8-16 years was
considered in our study.

The cure rate of 86% in the present study is consistent with an
earlier study which showed a cure rate of 81.3% with tea ointment
and 37.5% with topical tea lotion.’ This efficacy of tea ointment
is comparable to fusidic acid ointment®® which has a cure rate of
87% and superior to soframycin ointment (framycetin sulfate and
gramicidin)® which has a cure rate of 72%.

Other noticeable fact is methicillin-resistant S. aureus specifically
expresses an additional penicillin binding protein termed penicillin
binding protein 2a from mecA gene.”” Epigallocatechin-3-gallate
has more affinity to penicillin binding protein 2a and hence is
more active against methicillin-resistant S. aureus. This is clearly
evident in the present study with respect to duration for cure and
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minimum inhibitory concentration, both of which were lower
compared to nonmethicillin-resistant S. aureus strains. Moreover,
all patients were cured. This is consistent with in vitro studies
which reported that all methicillin-resistant S. aureus strains were
sensitive to 2% green tea extract.® Earlier studies have reported
minimum inhibitory concentration of 0.3 g tea/100cc water for
tea lotion and 0.28 mg/ml for a crude extract of tea.** However,
the present study had a minimum inhibitory concentration of
0.0205 + 0.008 pg/ml. This difference in the minimum inhibitory
concentrations may be due to the usage of different concentrations
of the crude tea extract.

Other advantages of green tea as per published data include acts
synergistically with other B-lactams thus reducing the minimum
inhibitory concentration of B-lactams when used in combination.?!
Activity is stable under various physical conditions including boiling
and freezing, and it acts as an antimutagenic agent thus suppressing
the emergence of resistant strains.?

In a previous study, S. aureus in the anterior nares was observed
in 54.4% of patients.” The antibiogram of S. aureus from pus and
the anterior nares was similar in 49% of patients, suggesting that
the pathogen might have originated from the colonized site. Thus,
green tea may be suitable as topical agents for the treatment of these
colonized sites and reduce the incidence of endogenous infections.
However, clinical trials are required to confirm this.

In a study by Sharquie, no adverse effects to topical green tea were
observed in children.’ In our study, itching, burning and erythema
were the adverse effects and were noticed in only one patient in
green tea group.

Limitations of the study

A comparative trial of different agents for individual lesions in the
same patient would have been preferred. Children less than seven
years were not included in the study because of a logistic issue
of permission from school authorities. True randomization and
blinding of the investigators would have been ideal.

Conclusions

We were unable to find any previous clinical trial of green tea against
community-acquired primary pyodermas caused by S. aureus in
human cases. This study has clearly shown that green tea has a
significant antibacterial effect against multidrug-resistant S. aureus
and is well tolerated. Minimum inhibitory concentration of green
tea is established. It could be one of the potential drugs in future for
the treatment of methicillin-resistant S. aureus infections in cases of
primary pyoderma. Other infections caused by methicillin-resistant
S. aureus need to be evaluated with green tea extract as a possible
treatment option. Further comparative clinical trials are needed
involving a larger study population to support this study.
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