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To evaluate the microbiological sterility of selected Foley catheters as disposable medical
devices. Random new packed samples of selected articles were obtained from open market and
hospital pharmacy, and used samples from disposal waste of tertiary care hospitals in Peshawar,
KPK. The Pharmaceutical sterility of these randomly sampled articles was assessed using United
States Pharmacopoeia’s standards for the sterility tests. The tests for evaluation of sterility were
carried out in controlled aseptic environment using standard procedures and equipment. In
case of newly packed Foley catheters collected from market and hospital pharmacy, microbial
growth was observed in 20%, 24%, 44%, 31% and 22% of samples of sizes 8 Fr, 12 Fr, 18 Fr, 18
Fr, and 24 Fr respectively. While in case of Foley catheters collected from hospital disposal
waste microbial growth was observed even after re-sterilization.  Both bacterial and fungal
growths were detected. Chances of microbiological contamination in disposable articles available
in market are quite ample. It is therefore recommended that pharmaceutical manufacturers of
such articles must strictly comply with GMP guidelines especially for sterilization, and standards
established for Single use devices like Foley catheters, and the re-sterilization of these medical
devices is not safe and effective, so the hospital waste management should be make effective, so
that the recollection and re-sterilization of such articles do not take place in practice.
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Disposable medical devices or single use
medical devices such as electro cardio graphic
pads, catheters, glucose test strips, syringes, are
meant are to be used upon single patient and for a
single procedure1. As per guidelines of centre for
disease control (CDC) for infection control in health
care personnel, 1998; the medical devices that enter
normally sterile tissues or the vascular system or
through which blood flows should be sterilized
before use. Sterilization is the use of physical or
chemical means to destroy all microbial life,
including highly resistant bacterial endospores2.

Catheters are thin flexible tube extruded
from medical grade materials that can be inserted
in body tissues (cavity, duct or vessel) for multiple
functions, for example, for drainage and

administration of fluids or access by surgical
instruments/procedure3. Due to this reason they
have become an essential part of hospital based,
outpatient and home healthcare settings. Foley
catheters are generally used to access the urinary
tract, in both hospital and pre-hospital services.

Ethylene oxide (EO) and ionizing
radiations are the common methods of sterilization
of medical devices sensitive to heat and moisture4,5.
However, in Pakistan, especially KPK, mostly EO
sterilized catheters are available in open market,
although some gamma irridiated imported brands
are also available6.

Since catheters are necessity of
healthcare settings and most frequently used
disposable devices; but if these devices are not
properly sterilized, their use can put patients at
risk for local and systemic complications; including
local site infection, CRBSIs (catheter related blood
stream infections), septic thrombophlebitis,
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endocarditis, lung abscess, osteomyelitis;
depending on the body site where it is used; beside
this the presence of  rackets in pharmaceutical
market of Pakistan also have been reported, who
dealing with collection of disposable wastes from
hospitals and clinical setups, and reprocessing it
for the purpose of re-selling these articles as new
in the market7.

Epidemics of device-related infectious
diseases appear to have increased in number since
1965, and most often have been related to Foley
catheters, intravenous infusion devices. Foley
catheters and intravenous infusion devices
represent major sources of nosocomial
septicemia8,9.  Since disposable medical devices
like catheters and needles which are in direct
contact with human tissue and organs and they
must be sterile prior to use in order to prevent
related infectious consequences.

In Peshawar (KPK), various types of
catheters are available in poly bag and blister
packaging, with different sizes for adult and
pediatric patients and used in hospital and
outpatient healthcare settings6. The purpose of
this study is to evaluate the microbial sterility of
these articles used in hospital and outpatient health
care settings.

MATERIALS AND METHODOLOGY

Sampling
Samples Collected From Market & Hospital
Pharmacy

Samples of commonly used Foley catheter
were randomly purchased from open market and
hospital pharmacies of all manufacturers available
in Peshawar, KPK from Dec 2014 to mid of Jan
2015. Both poly bag and blister pack available
samples were collected that were either EO sterilized
or gamma irridiated, details summarized in Table
01.
Samples Collection From Hospital Disposal Waste

Collection of used disposable foley
catheters from waste disposal of a tertiary care
hospital of Peshwawar, of above mentioned critaria.
The details have been summarized in Table 02.
Media & other chemical substances

The sterility tests were carried as per
guidelines of United States Pharmacopoeia10 for

the evaluation of pharmaceutical sterility of
selected articles (for both new and used articles).
Briefly, two media types were used i.e. Fluid
Thioglycollate medium (FTM) and Soybean-Casein
Digest Medium (SCD). Media were sterilized as
per manufacturer guidelines and verified for
sterility prior to use. Articles divided in selected
parts were aseptically immersed completely in
prescribed media (FTM and SCD) simultaneously.
Immersed samples were incubated at 37’C and
observed for bacterial growth overnight and then
after 48 hours. Similarly, samples were incubated
at 25 oC  for 7 days to check fungal growth. Blank
media served as negative controls for both kinds
of tests. All the tests were done in triplicate. Tests
were repeated for the samples showing either
bacterial or fungal growth as per pharmacopoeia
guidelines.
Sterilization Technique for Lab Re-processed
Foley Catheters

For used devices collected from hospital
disposal waste, to be lab re-processed for the
purpose of sterility evaluation, 0.2% Peracetic acid
(PAA) Immersion was selected as sterilization
technique,  because FDA cleared  Peracetic acid as
sterilant for sterilization of medical devices, in
concentration of 0.2%, applied for a duration of 12
minutes at 50-56°C11.
Characterization of Microbial Growth

Gram’s staining and Endospore (Schaffer-
Fulton method) staining technique12 was carried
out on the samples showing bacterial growth after
24 or 48 hours incubation.

RESULTS

Results of New Samples
After immersion of the selected samples

in desired mediums and prescribed incubation
period, the samples were observed for microbial
growth, results are summarized in table 3.

Table 03 shows that from each
manufacturer 3 samples were taken for each
different type of item, each sample was subdivided
in to 3 parts which served as samples and these
parts includes most vulnerable parts of the device,
i.e. balloon, middle flexible tube and  bladder
opening part, for incubation and further studies.
Results of Used Samples
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Used foley catheters of size 18, 20 and 22
Fr were collected in triplicate from waste disposal
of a tertiary care hospital situated in Peshawar;
and were evaluated for microbial growth; results
are tabulated as given below.

Table 04 shows that bacterial growth was
observed in all samples of 18 Fr, while endospores
were found in two samples (out of three), and fungal
growth was present in two samples.

Table 5 shows that bacterial growth was
observed in all samples of 20 Fr, while endospores
were found in one sample (out of three), and fungal
growth was present in one sample

Table 6 shows that bacterial growth was
observed in all samples of 22 Fr, while endospores
were found in one sample (out of three), and fungal
growth was present in one sample.
Results of Lab Re-processed items

After the evaluation of microbial growth
in used disposable foley catheters collected from
waste disposable of a tertiary care hospital, were
re-processed (re sterilized) in lab using 0.2%
peracetic acid as sterilant and SOPs of sterilization
practice, and again evaluated for microbail growth.
Results are tabulated as given below.

Table 7 data shows that after sterilization
bacterial growth was found in only one sample,
similarly only one sample contains endospores,
no fungal growth was present and no changes in
physical consistency of product were observed.

Table 8 data shows that after sterilization
bacterial growth was found in only one sample,
similarly only one sample contains endospores,
fungal growth was not observed and changes in
physical consistency of product were observed.

Table 9 data shows that after sterilization
bacterial growth was found in only one sample,
similarly two sample (out of three) contains
endospores, no fungal growth was present in
samples and changes in physical consistency of
product were observed.

DISCUSSIONS

The results presented in table 3 illustrate
the microbial growth in sterilized disposable (single
use) Foley catheters that have been collected from
market and hospital pharmacy as new packed
sterilized items (claimed to be not previously used).
In under developed countries like Pakistan, there
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Table 2. Description of selected used samples for study, from hospital disposal waste

S.N Item description Number of selected Manufacturing Selected
manufacturers material samples

1 18 Fr (French size) N.A Silicon coated latex 3
2 20 Fr (French size) N.A Silicon coated latex 3
3 22 Fr (French size) N.A Silicon coated latex 3

NA = Not applicable

is lack of compliance to the international standards
of clinical waste management, where collections
of these single used articles take place, which then
recycled, packed and marketed by rackets in
pharmaceutical market7,13. So there may be the
possibility of collection of these disposable items
from hospital disposle waste then repaked and re-
selled. The Foley catheters in our study are single
use medical devices and the regulatory bodies
have clear cut guidelines on medical devices
intended for single use (disposable); because,
single use devices and specially devices with small
lumens like foley catheters could not be properly
sterilized and not safe to be resterilized and reused.
For example Federal Drug Administration (FDA)
said that “a single use device (SUD) is not intended
to be reprocessed (cleaned, disinfected/sterilized)
and used on another patient. The labeling may or
may not identify the device as single use or
disposable and does not include instructions for
reprocessing”1. FDA also mentioned that in case if
these SUDs are reprocessed by any hospital or
company, it must meet the same standards and
effectiveness as manufactured by the origional
manufacturer for the first time14.  Similarly Canadian
standard association and health Canada states that
medical devices labelled as single-use shall not be
reprocessed and re-used unless the reprocessing
is done by a licensed reprocessor, and still there is
no licensed reprocessor cleared by FDA in
developed country like canada, although USA have
few15,16, and one cannot imagine it in an under
developed country. Canadian standards
association also recommends that medical devices
with small lumens, like catheters, that make them
difficult to clean can put clients/patients/residents
at risk, and should be designated single-use and
not be reprocessed and re-used17.

Interestingly it was found in our study

that all samples, except one (which was gamma
irradiated) resulted in positive microbial growth,
were claimed to be ETO sterilized, as shown in
table 3. Mostly these Foley catheters are marketed
in our part of the world as ETO (ethylene oxide)
sterilized, and there may be the possibility of
ineffective ETO sterilization because this process
efficiency and effectiveness is highly dependent
on some of the factor like gas concentration,
temperature, relative humidity (as water molecules
carry ETO to reactive sites) and exposure time, if
any of the factor is compromised the whole process
is affected and ultimately the desired results (proper
sterilization) are not obtained, and their use can
put patients at risk for local and systemic infection
complications6,4; as mentioned earlier the Foley
catheters in our study consist of small lumens and
it has been previously demonstrated that the
effectiveness of ETO sterilization can also be
altered by lumen length, lumen diameter, presence
of inorganic salts, and organic materials18,19. For
example, several studies have shown failure of ETO
in inactivating contaminating spores in endoscope
channels20 or lumen test units18, and residual ETO
levels averaging 66.2 ppm even after the standard
degassing time21. Similarly CDC reported that all
medical devices having channels and small lumens
like catheters and endoscopic instruments could
not be disinfected or sterilized properly if the
disinfectant or sterilant contact is inadequate and
unreliable, because air pockets interfere with
sterilization and disinfection process22.

So the microbial growth observed during
our study in packed samples collected from market
and hospital pharmacy may be due to non-
compliance with international guidelines of
sterilization; as  multiple studies in many countries
have evaluated lack of compliance with established
guidelines for disinfection and sterilization; Lowry
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PW et al in 1988 detected Seventeen cases of otitis
media caused by Mycobacterium chelonae among
patients seen at a single ear-nose-and-throat (ENT)
office while using medical devices not properly
sterilized. They concluded that outbreak
underscores the need for high-level disinfection
or sterilization of ENT instruments between
examinations to prevent the transmission of
pathological microbes23. McCarthy et al in 1999
during a study “infection control practices across
the canada” concluded that improvements in
infection control are desirable for dentists in all
provinces and territories; infection control is
required through better compliance with current
recommendations for sterilization and
disinfection24; and failure to comply with
scientifically based guidelines has resulted in many
outbreaks of infection25.

Similarly regarding the results of lab
reprocessed items that were collected from hospital
disposal waste of a tertiary care hospital in
Peshawar and then re-sterilized in Lab (using 0.2%
PPA), both the viable  bacterial growth and
endospores were observed as shown in table 7, 8
and 9. The positive microbial growth may be due
to the formation of biofilms in the lumen of urinary
catheters because biofilms have been found and
reported in urinary catheters, central venous
catheters, and numerous medical devices26. The
microorganisms resides within these biofilms can
be resistant to sterilants by multiple mechanisms,
and microbes resides within these masses are up
to one thousand times more resistant to sterilants
than are the same bacteria in suspension27.David
Stickler et al in a study demonstrated that urease
producing bacteria’s biofilms colonise catheters,
and induce the deposition of calcium and
magnesium crystals during catheter indewlling
process, and then the biofilms starts to move down
the lumenal surfaces of the catheters causing
blockage of catheter’s lumen28. Some catheter
materials also have surface irregularities that
increases the chances of the microbial adherence
of certain species (e.g., S. epidermidis and C.
albicans)29. Catheters made of these materials are
especially vulnerable to microbial colonization. Due
to the formation of the fibrin sheath, silastic
catheters ( Latex Foley Catheter with smooth,
silicone exterior coating ) are associated with higher
risk of catheter infections than polyurethane
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Table 5. Microbiological attributes of 20 Fr (french size) Foley Catheters

S/N Article manf. material Bacterial growth Bacterial growth Gram Endospore Fungal
in 24Hrs in 48Hrs Staining Staining growth

1 20 Fr Silicon coated latex Mild Dense /Profuse +ive +ive Present
2 20 Fr Silicon coated latex Mild Dense /Profuse +ive -ive Absent
3 20 Fr Silicon coated latex Mild Dense/Profuse +ive -ive Absent

* Fr (French size)

Table 6. Microbiological attributes of 22 Fr (french size) Foley Catheters

S/N Article manf. material Bacterial growth Bacterial growth Gram Endospore Fungal
in 24Hrs in 48Hrs Staining Staining growth

1 22 Fr Silicon coated latex Mild Dense /Profuse +ive -ive Absent
2 22 Fr Silicon coated latex Mild Dense /Profuse +ive +ive Absent
3 22 Fr Silicon coated latex Mild Dense/Profuse +ive -ive Present

Table 4. Microbiological attributes of 18 Fr (french size) Foley Catheters

S/N Article manf. material Bacterial growth Bacterial growth Gram Endospore Fungal
in 24Hrs in 48Hrs Staining Staining growth

1 18 Fr Silicon coated latex Mild Dense /Profuse +ive +ive Present
2 18 Fr Silicon coated latex Mild Dense /Profuse +ive -ive Absent
3 18 Fr Silicon coated latex Mild Dense/Profuse +ive +ive Present

* Fr (French size)

catheters30. Similarly, biofilm formation by C.
albicans occurs more readily on silicone elastomer
catheter surfaces than polyurethane catheters31.
These arguments also supports our findings, as
the new samples selected from market that had
been shown microbial growth were either made of
silicon coated latex or silicon elastomers; similar
was the case of used disposable foley catheters
collected from hospital disposale waste; that’s why
cleaning of the items is always recommended before
processing for items intended to be reused,
because it reduces the bioburden and removes
foreign material (i.e., organic residue and inorganic
salts) that interferes with the sterilization process
by acting as a barrier to the sterilization agent32.
The presence of these biofilms can have serious
implications for immunocompromised patients and
patients who have indwelling medical devices; so
in the light of above mentioned references, the
sterilization will not be effective and these medical
devices would not be safe for use if these are being

collected from hospital waste disposal and
resterilized for the purpose of re-selling in market,
as shown by our results after reporcessing of these
articles collected from a hospital disposal waste.
Short Comings of Our Study

The shortcomings of this study include
the limited pool of sample selection.  Before this
report no such work had been conducted in this
regard in the region, so no comparison was made
to such other studies. So additional research is
needed for the evaluation of pharmaceutical
sterility of such disposable medical devices,
available in the market, which has been previously
claimed as sterilized; as the non-sterility of such
articles can lead to complicated infectious
consequences

CONCLUSION

It has been concluded that there are
chances of microbiological contamination in such



J PURE APPL MICROBIO, 9(2), JUNE 2015.

1345ZIA-UR-RAHMAN et al.:  STERILITY OF FOLEY CATHETERS USED IN PESHAWAR
Ta

bl
e 7

. M
ic

ro
bi

ol
og

ic
al

 at
tri

bu
te

s o
f 1

8 
Fr

 (f
re

nc
h 

si
ze

) F
ol

ey
 C

at
he

te
rs

S/
N

A
rti

cl
e

m
an

f.m
at

er
ia

l
St

er
ili

za
tio

n
B

ac
te

ria
l g

ro
w

th
B

ac
te

ria
l g

ro
w

th
G

ra
m

En
do

sp
or

e
Fu

ng
al

C
ha

ng
es

 in
m

et
ho

d
in

 2
4H

rs
in

 4
8H

rs
St

ai
ni

ng
St

ai
ni

ng
gr

ow
th

ph
ys

ic
al

co
ns

ist
en

cy

1
18

 F
r

Si
lic

on
 co

at
ed

 la
te

x
0.

2%
 P

PA
-v

e
-v

e
-v

e
-v

e
A

bs
en

t
N

o 
ch

an
ge

2
18

 F
r

Si
lic

on
 co

at
ed

 la
te

x
0.

2%
 P

PA
-v

e
+v

e
+v

e
+v

e
A

bs
en

t
N

o 
ch

an
ge

3
18

 F
r

Si
lic

on
 co

at
ed

 la
te

x
0.

2%
 P

PA
-v

e
-v

e
-v

e
-v

e
A

bs
en

t
N

o 
ch

an
ge

* 
Fr

 (F
re

nc
h 

si
ze

)

Ta
bl

e 8
. M

ic
ro

bi
ol

og
ic

al
 at

tri
bu

te
s o

f 2
0 

Fr
 (f

re
nc

h 
si

ze
) F

ol
ey

 C
at

he
te

rs

S/
N

A
rti

cl
e

m
an

f.m
at

er
ia

l
St

er
ili

za
tio

n
B

ac
te

ria
l g

ro
w

th
B

ac
te

ria
l g

ro
w

th
G

ra
m

En
do

sp
or

e
Fu

ng
al

C
ha

ng
es

 in
m

et
ho

d
in

 2
4H

rs
in

 4
8H

rs
St

ai
ni

ng
St

ai
ni

ng
gr

ow
th

ph
ys

ic
al

co
ns

ist
en

cy

1
20

 F
r

Si
lic

on
 co

at
ed

 la
te

x
0.

2%
 P

PA
-v

e
-v

e
-v

e
-v

e
A

bs
en

t
N

o 
ch

an
ge

2
20

 F
r

Si
lic

on
 co

at
ed

 la
te

x
0.

2%
 P

PA
-v

e
+v

e
+v

e
+v

e
A

bs
en

t
Su

rf
ac

e
st

iff
ne

ss
3

20
 F

r
Si

lic
on

 co
at

ed
 la

te
x

0.
2%

 P
PA

-v
e

-v
e

-v
e

-v
e

A
bs

en
t

N
o 

ch
an

ge

* 
Fr

 (F
re

nc
h 

si
ze

)

Ta
bl

e 9
. M

ic
ro

bi
ol

og
ic

al
 at

tri
bu

te
s o

f 2
2 

Fr
 (f

re
nc

h 
si

ze
) F

ol
ey

 C
at

he
te

rs

S/
N

A
rti

cl
e

m
an

f.m
at

er
ia

l
St

er
ili

za
tio

n
B

ac
te

ria
l g

ro
w

th
B

ac
te

ria
l g

ro
w

th
G

ra
m

En
do

sp
or

e
Fu

ng
al

C
ha

ng
es

 in
m

et
ho

d
in

 2
4H

rs
in

 4
8H

rs
St

ai
ni

ng
St

ai
ni

ng
gr

ow
th

ph
ys

ic
al

co
ns

ist
en

cy

1
22

 F
r

Si
lic

on
 co

at
ed

 la
te

x
0.

2%
 P

PA
-v

e
-v

e
-v

e
+v

e
A

bs
en

t
N

o 
ch

an
ge

2
22

 F
r

Si
lic

on
 co

at
ed

 la
te

x
0.

2%
 P

PA
-v

e
+v

e
+v

e
+v

e
A

bs
en

t
N

o 
ch

an
ge

3
22

 F
r

Si
lic

on
 co

at
ed

 la
te

x
0.

2%
 P

PA
-v

e
-v

e
-v

e
-v

e
A

bs
en

t
Su

rf
ac

e
st

iff
ne

ss

 F
r (

Fr
en

ch
 si

ze
)



J PURE APPL MICROBIO, 9(2), JUNE 2015.

1346 ZIA-UR-RAHMAN et al.:  STERILITY OF FOLEY CATHETERS USED IN PESHAWAR

disposable articles, so the pharmaceutical
manufacturers of such articles must comply to the
SOPs and GMP guidelines more precisely; and
before bidding for the bulk purchase of such
articles in hospital setups and even community
setups, the quality control testing of random
samples must be carried out to ensure the
sterilization of these disposable items, and so to
prevent the chances of local and systemic
infections. Similarly the hospital waste management
should be make effective, so that the recollection
and resterilization of such articles do not take place
in practice, as the resterilization of these medical
devices is not safe and effective, so their use can
put patient for the risk of infection complications,
and inturn can increase the economic burden on
health departments.
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