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ABSTRACT

The study was designed to determine the bioburden of locally manufactured
surgical gauzes. Seven surgical gauzes labelled as ‘sterile” were cultured
onto nutrient agar, MacConkey Agar, Mannitol Salt Agar and Sabourad
DextroseAgar for thedetermination of Tota ViableBacterid Counts(TVBC),
Total Coliform Count (TCC), Total Staphylococcal Count (TSC) and Total
Fungal Count (TFC), respectively. All sampleswere found to be contami-
nated at 10* to 10° CFU/g level with bacterial contaminants such as Bacil-
lus spp., Streptococcus spp., Micrococcus spp., and Staphylococcus
aureus. For quality improvement, samples were subjected to a series of
radiation doses of 2.0, 2.5, 5.0, 15 and 25 kGy. Among bacterial isolates,
species of Bacillus showed highest level of resistance to radiation dose. A
dose of 25 kGy wasfound suitablefor thetotal elimination of contaminants
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rendering the product sterile.

INTRODUCTION

Sterile surgical productsareaprerequisitefor im-
proving the public health service of any country. Inmany
devel oping countriesincluding Bangladesh, duetothe
unhygienic practicein production line, surgica prod-
uctsareoccasiondly found to beheavily contaminated
with pathogenic microorganisms. Theill-equipped sys-
tem and the use of unsterilized surgical productsused
during operation arethemgjor routes of hospital infec-
tion and crossinfection. Thiswould eventualy prolong
thesufferingsof apatient in hospita.

Microbiologica qudity control of different kindsof
sngleuse, prepacked medicd or surgicd products(e.g.
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syringes, catheters, surgica gauze, surgica glovesetc)
istherefore animportant aspect in public heathissue.
Sterilizationisthefind manufacturing operationthat can
sgnificantly affect the safety and effectivenessof afin-
ished product. Thereare severd methodsfor sterilizing
different kinds of medical productssuch asdry heat,
moist hedt, filtration, chemicds(e.g., ethyleneoxideand
formdin), radiation serilization etc..

Among these sterilizing methods, radi ation steril-
ization isaconvenient and cost effective method for
achievingahighlevd of sterility!>3. Theability of ioniz-
ing radiation to destroy microorganismshasbeen well
documented, and has been commercialy applied for
surgical purposes during the last few decades. This
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method hastheability toirradiatelarge volumeof prod-
ucts at the sametime. Moreover, beingacold pro-
cess(whereno or very negligible heat isgenerated), a
widearray of medica productsincluding thermolabile
plastic based products can be easily and safely steril-
ized by thismethod®. Radiosterilization of hedthcare
productsaready sedled in contai nersensurethat, once
anitemisgterilized, it cannot be contaminated before
use

Bangladeshisadeve oping country whichlacksster-
ilizationfacilitiesinmogt areas. Especidly, when aprod-
uct ischeap, the manufacturersarerel uctant to perform
radiation sterilizationto avoid extracost and often try
to escape such practice. Moreover, most of the manu-
facturersdo not comply with good manufacturing prac-
tice (GMP) and hazard analysis critica control point
(HACCP) and other standard code of practices. There-
fore, theselocally mademedical itemsavailableinthe
market arenot beyond suspicion of having contamina:
tionwith microorganismsincluding pathogens. Congd-
eringthispoint, aninitiativewastakentoinvestigatethe
microbiologica quality of locally manufactured cotton-
based medica products(surgica gauze) inand around
Dhakacity. Thestudy dsoamed to achieveserilization
and quaity improvement of thesesurgica productsusing
gammarays.

MATERIALSAND METHODS

The product sample empl oyed was cotton gauze
from seven different manufacturers. Sampleswere col-
lected from different places of Dhakacity and its ad-
joining areasi.e. Nabinagar, Savar and Mitford road
and were coded as S1, S2, S3, $4, S5, S6 and S7.
Each sample(10g) wasplacedin asterileconicd flask
containing 90 ml of gerilesdinesolutionandwasshaken
at 30°C for 30 min. In the next step, the microbial dis-
tribution of each sampleswere analyzed by seria dilu-
tionusing Nutrient Agar (NA), MacConkey Agar (Mac
Agar), Mannitol SaltAgar (MSA) and Sabouraud Dex-
troseAgar (SDA) for the determination of Tota Viable
Bacterial Counts (TVBC), Total Coliform Count
(TCC), Tota Staphylococcal Count (TSC) and Total
Funga Count (TFC), respectively. Bacterial isolates
from different surgical gauzessampleswereidentified
based on morphologica, cultura and biochemica char-
acterigticsfollowing the“Bergey’s Manual of determi-
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native bacteriology” 8™ editiont®.

Inorder toinactivaterdatively sendtivemicrobia
contaminants, al the sampleswereexposedto ascreen-
ing radiation dose (i.e. 2.0, 2.5, 5.0, 15.0 and 25.0
kGy) by Co*® gammaradiation source (50,000 Ci) at
the Ingtitute of Food and Radiation Biology, Atomic
Energy Research Establishment, Savar, Dhaka,
Bangladesh. At thistime, tota viablemicrobia counts
were determined for the dosed samples. All resultant
colonieswere picked up, subcultured and maintained
asstock culturesof isolatesin nutrient agar dantsat 4p
C. Bacteria susceptibility to antimicrobia agent such
aschloramphenicoal (C), erythromycin (E), penicillin (P),
tetracycline(TC) etc. weredetermined invitro by Kirby
Bauer method® by preparing asuspension of theiso-
late and spreading evenly onto Muel ler-Hinton agar in
apetri dish. Disksimpregnated with various defined
concentrationsof different sandard antibioticsarethen
placed onto the surface of the agar. After incubation, a
clear circular zoneof nogrowthintheimmediatevicin-
ity of adisk indicates susceptibility to that antimicro-
bial. The cut-off valuesin respect to susceptibility or
res stance of the organismto each antibiotic tested were
determined by comparing recorded zonediameterswith
thezoneszeinterpretivechart givenintheClinica Labo-
ratory Standards Ingtitute Performance Standardsfor
Antimicrobia Susceptibility Testing: Seventeenth Infor-
mational Supplement[™ for strains assigned to
Saphylococcuse aureus and Sreptococcus sp. For
Micrococcussp. and Bacillusspp. strains, Kirby-Bauer
zoneinterpretivechart wasfollowed®.

RESULTSAND DISCUSSION

Microbiologica qudity assessment of seven gauze
sampleswascarried out both qualitatively and quanti-
tatively. None of the products werefound sterile and
TVBC ranged from 8.0x10° to 1.1x10° CFU/g
(TABLE 1). Thisvaueisconsidered very high when
compared with thereport of Yan et al.® and also Yan
and Tdlentire® where the bioburden of surgical gauzes
swabswereintherangeof 1.1x10%-1.23x102CFU/g
microorganisms. TSC wasnil for sampleno. 5which
a so showed lower TVBC. But for rest of the samples,
TSC ranged from 4.0x103 to 1.5x10* CFU/g. How-
ever, therewasno coliform and funga count foundin
thesesamples.
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TABLE 1: Quantitative analysisof microbial load of the
surgical product (gauze).

Sample TVBC TSC TCC TFC
code (CFU/qg) (CFU/qg) (CFUI/qg) (CFUIlg)
S1 2.4x10* 1.1x10* Nil Nil
2 3.3x10* 1.3x10* Nil Nil
3 2.5x10% 9.0x10° Nil Nil
1 8.0x10° 4.0x10° Nil Nil
S5 9.5x10° Nil Nil Nil
6 1.1x10° 1.5x10% Nil Nil
s7 4.7x10* 1.3x10* Nil Nil

Isolateswerestudied for their cultura characteris-
tics on nutrient agar to observe color, opacity, form
(whether circular, rhizoidal filamentous, or irregular);
elevation (whether flat, raised, convex or undulate) and

margin (whether entire, undul ate, filamentousor curled)
of thecolony. Thebiochemical testsincluded catal ase,
oxidase, indole, citrateutilizationtest, methyl red (MR),
Voges-Proskauer (VP), nitrate reduction, ureasetest,
garchhydrolys's, gelatinliquefaction and carbohydrate
fermentation test with lactose, dextrose and sucrose
(TABLE?2).

Depending ontheir morphologica, cultural and bio-
chemicd characterigtics, dl gram positiveisolateswere
provisionally identified as Bacillus spp., Saphyl ococ-
cus aureus, Micrococcus spp. and Sreptococcus spp.
Yan et d 1@ dsoreportedisolation of mostly sporeform-
ing bacteriafollowed by cocci and non-sporeforming
rodsfrom similar medica products.

TABLE 2: Resultsof biochemical testsfor selected isolatesfound in sur gical gauze samples.

. Fer mentation 5 < é L é > g 2 ,g .§
§ S5 252 f:gogotog
S 8 8 8 8 g 83 § § £ ©® B = 3 3 .
E % £ 5 & ° & & @ 3 % 3 = I Provisionally
3 © 8 3 9 S < 02: % © s = g = 3] identified as
r 2 B £ 5 8 86 » &
= @) o 0 O
S1-1 - A A - + - - - - + - + + Bacillussp
S1-2 A A A - + - + - - + - + - Saphylococcus aureus
S1-3 - - - - + - - - - + + - + - Micrococcus sp
21 A A A - + - + + - - + - + - Staphylococcus aureus
-2 - A A - + - - + - - + - + + Bacillussp
23 - - - - + - - - - + + - + - Micrococcus sp
S2-4 - - - - - + + - - - - + + - Streptococcus sp
31 - A A - + - - - - - + - + + Bacillussp
32 A A A - + - + + - - + - + - Staphylococcus aureus
33 - - - - + - - - - + + - + - Micrococcus sp
A1 - A A - + - - - - - + - + + Bacillussp
#4%42 A A A - + - + - - - + - + - Saphylococcus aureus
S5-1 . - + - - - - + + - + - Micrococcus sp
s5-2 - A A - + - - - - - + - + + Bacillussp
61 A A A - + - + - - - + - + - Saphylococcus aureus
$6-2 - A A - + - - - - - + - + + Bacillussp
63 - - - - + - - - - + + - + - Micrococcus sp
S7-1 - A A - + - - + - - + - + + Bacillussp
S7-2 - - + - - - - + + - + - Micrococcus sp
S7-3 A A A - + - + - - - + - + - Saphylococcus aureus

A= acid production; + = positive result; - = negative result

A doseof 2.0 kGy was applied to the various sur-
gical gauzeswhose presterilization microbial count
(CFRU/g) wasdetermined before (TABLE 1). Aradia-
tiondoseof 2.0kGy resultedinalto 2log reduction

in the microbial count. The survivors after having
subgterilization doseof 2.0 kGy wereisolated, purified
and identified. Survivor included mostly Bacillus sp.
and cocci. A doseof 5.0kGy resultedintheeimination
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of Gram positive non sporeforming rods. At higher
dosesof radiation up to 10 kGy, the survival ratewas
greatly reduced. At thedoseof 15kGy, only few spore
former bacilli were survived. When the gauzeswere
irradiated with 25 kGy, al kindsof viablemicroorgan-
ismsincduding sporeswerediminated. TABLE 3shows
thereduced microbial |oad after irradiation dose of 2.0
and compl ete elimination after 25 kGy. Theseresults
are supported by Johnson and Johnsoni*¥ and Mioara
and Engttl,

TABLE 3: Bacterial countsof different surgical gauze at
2.0kGy and 25 kGy radiation doses.

Microbial Count

Microbial count
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Inthisstudy, four types of standard antibiotic discs
(i.e. chloramphenicol-30 pg, erythromycin-15ug, peni-
cillin G-10 pg, tetracycline-30 pg) were used to deter-
minethe susceptibility of radio-res stant Srainsisolated
from surgical gauze samples. Following thereference
charts, resultswererecorded aswhether the organism
issusceptible(S), intermediately susceptible(l), or re-
sstant (R) tothat antibiotic. AsshowninTABLE 4, dll
strainswerefound to beresistant to penicillin G (P).
Except Penicillin, fivestrainsof Saphylococcusaureus
werefound to be susceptibleto chloramphenicol (C),
tetracycline (TE) and erythromycin (E). Sreptococcus
strain was found resistant to tetracycline (TE),

Sample Code  ~r )0y at 20kGy CFU/gat 25kGy  internmediateto chioramphenicol and susceptibleto
S1 9.0x10° - erythromycin (E). Bacillus strainswerefound suscep-
2 8x10° - tibleto erythromycin (E) andtetracycline(TE) and were
3 4x103 - foundintermediateto chloramphenicol (C). Four strains
A 8.4x10* - of Micrococcus showed resistance towards chloram-
S5 2.0x10? - phenicol (C) and penicillin G (P). So, onthe basis of
S6 2.0x10° - thedata, majority of theisolatesfrom gauze samples
S7 6.0<10° - werehighly susceptibleto antimicrobia agents.
TABLE 4: Susceptibility testing of strainsisolated from sur gical gauze samples.
Strains Antibictics Zont_a diameter intaprgiveamdwds(mm) Inhibition zone S/
(No. of isolates) (and disc potency) Resistant ~ Intermediate  Susceptible  pjgmeter (mm)  I/R
(mm or less) (mm) (mm or more)
Chloramphenicol (30 ng) 12 13-17 18 26 S
Saphylococcus aureus (5)  Erythromycin (15 pg) 13 14-22 23 25 S
Penicillin G (10 ng) 28 29 18 R
Tetracycline (30 pg) 14 15-18 19 21 S
Chloramphenicol (30 ug) 17 18-20 21 19 I
Streptococcus sp (1) Erythromycin (15 pg) 15 16-20 21 23 S
Penicillin G (10 ug) 24 18 R
Tetracycline (30 pg) 18 19-22 23 12 R
Chloramphenicol (30 ug) 12 13-17 18 14 I
Bacillus sp (7) Erythromycin (15 pg) 13 14-22 23 25 S
Penicillin G (10 ng) 28 29 20 R
Tetracycline (30 pg) 14 15-18 19 28 S
Chloramphenicol (30 ug) 12 13-17 18 11 R
Micrococcus sp (4) Erythromycin (15 ug) 13 14-22 23 25 S
Penicillin G (10 ug) 28 29 10 R
Tetracycline (30 ug) 14 15-18 19 22 S

CONCLUSION

The present investigation was undertaken to deter-
minethemicrobiologica load and mgor microfloraaso-

ciated with sevenlocally manufactured surgica gauze
samples. Beforean effective sterilization dosecanbees-
tablished for surgical gauze, itisnecessary to determine
theinitia contamination level and res stance of the con-
taminantstoradiaion. Theultimateaim of thisstudy was



40 Radiosterilization of cotton based product for the improvement of microbiological quality

RRBS, 7(1) 2013

Reguler Peper ==

toachievederility of thesesurgicd productsusinggamma
rays. Although surgical products(gauzes) should nec-
essaxily besterile, themicrobiologica counts(especidly
TVBC and TSC) inthisstudy werevery high, indicat-
ing the productsnot safefor use. Some pathogenic mi-
croorganismse.g. Saphyl ococcusaureus, Sreptococ-
cus spp. werefound in the gauze samples. There may
be multiplereasonsfor the existence of high number of
microorganismsincluding pathogensintheproduct. In
Bangladesh, production and process control is not
strongly adheredto HACCPor GMP. Asaresult, hy-
gienic conditionsarenot awaysmaintainedinthepro-
ductionand processing Site. Treatment of sampleswith
aseriesof radiation dosesgradualy improved thequadity
of theproducts. 25 KGy gammaradiation wasfound
toeliminateall sporesand viablecellsrendering the
product sterile. Fromthisstudy it isconcluded that the
available surgical gauzesarenot safefor use without
derilizationandirradiation processcan S gnificantly mini-
mizethehealthrisk or chance of infection of users of
thissurgica product (gauze).
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