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Abstract:  Seventy  five  eye  drops  samples  were collected from different pharmacies in Cairo, Egypt. Out of
75  tested  samples,  58  (77.3%)  are  contaminated  with  bacterial  growth  when  cultured  on  MYP  medium.
The  bacterial  count  ranging  from 1.0 CFU/ml to 6.0x10  CFU/ml. The microscopic examination indicated that2

57 out of 133 isolates are Gram positive, spore forming bacilli. From 58 positive samples 32 samples were found
to be contaminated with Bacillus spp. (55.1%). So, the contaminated samples with Bacillus spp. represent
42.6% of the total eye drops samples. Out of 57 Bacillus isolates, 41 (71.9%) isolates produced different levels
of hemolysins. Two Bacillus isolates (MAM-9 and MAM-40) produced large quantity of phospholipace C
around their colonies in addition to hemolysin production. These two isolates were also lethal to mice. Bacillus
spp are resistant to gamma radiation, ceftazidime, cefuroxime and colistin. Ten kGy reduced the viable count
of Bacillus strain MAM-40 by 4.17 log cycles.
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INTRODUCTION [16]. The disinfectant 75% alcohol was found to be

The genus Bacillus consists of heterogenic group of Gamma radiation and electron beam can be used to reduce
Gram positive, endospore-forming, facultative anaerobic the spores of the Bacillus species and sterilize the third
bacteria that are widely distributed in nature. Due to their generation of cephalosporins [18, 19, 20]. Also radiation
endospore forming abilities, these bacteria tolerate can be used for sterilization of antibiotic liposome
adverse conditions more than the non sporulating formulations [21]. Radiation can be used for sterilization
bacteria [1, 2, 3]. Bacillus spp. Produces many toxins and of  medical  and  pharmaceutical  products,   but  in  case
causes a serious case of infections [3, 4, 5, 6]. Bacillus of wet products, addition of preservative or antibiotics is
species can cause out- breaks and systematic infections the choice, especially for a product sensitive like eye
and they well known cause of food poisoning [7-11]. drops. Contamination of eye drops with the genus
Many  cosmetic  formulations  are  now available in the Bacillus may cause severe eye infection and could
form of wet wipes packaged in sealed sachets or packets. develop  complete  panophthalmitis  or endophthalmitis
Like the majority of cosmetic products having an aqueous [22, 23]. Endophthalmitis caused by Bacillus spp often
phase, wipes are susceptible to microbial contamination result in poor outcome [24].
and require the addition of preservatives [12]. Bacillus Therefore,  the  aim  of  this  study is to investigate
cereus contaminate non sterile disposable gloves [13]. the  ability  of  eye  drops  to be contaminated with
Bacteria also contaminated contact lenses. The restriction bacteria in general and the genus Bacillus in particular.
in the use of contact lenses is associated with the cost of Also  to  evaluate   the   virulence   factors   of  the
acquisition and maintenance of the lenses especially of Bacillus isolate and effect of gamma radiation and
the disinfecting solutions [14]. Also, Donzis et al. [15] antibiotics on these isolates. Then determining the most
reported a case of B. subtilis eye infection related to efficient  antibiotics  against  the  isolated  Bacillus  spp.
contamination of contact lenses. The most group of drugs to be added to eye drops as a solution for Bacillus spp.
contaminants is members of the genus Bacillus (34.4%) contamination.

contaminated  with  Bacillus   amyloliquefacin  [17].
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MATERIALS AND METHODS Mouse Lethal Test: One half (0.5 ml) volume of culture

Samples:  Seventy  five samples  of eye drops samples (20-22 gram). Five mice are used for each filtrate. Positive
were purchased from different pharmacies in Cairo, Egypt. control is B. cereus ATCCII778 filtrate and negative
They collected at random and marketed as pharmaceutical control is BHIG. The mice were observed for lethal effects
products, contained antimicrobial agents. for one hour at least [2].

Determination  of  the  Microbial  Load  of the Samples: Antibiotic Susceptibility Test: The isolated Bacillus spp.
The  collected  samples  were  used  from   the  original that have virulence factors were used to determine their
vials  and  serially  diluted  with sterile saline solution. susceptibility against 15 different antibiotics. One ml
Three successive  dilutions  were  plated   using  (100µl) (1x10  CFU/ml) of culture in L.B broth was spreaded on
on the surface of MYP medium [25] with the omission of the surface of Muller-Hinton agar medium [29] and
polymyxin B-sulphate. The inoculated plates were incubated for one hour before antibiotic discs were placed
incubated at 37°C for 24 hours. The microbial load was on the surface of inoculated plates. The following
determined. antibiotics were used azithromycin (AZM) 15µg, amikacin

Isolation  and  Characterization   of  Microorganisms: 5 µg, ceftazidime (CAZ) 30 µg, clarithromycin (CLR) 15 µg,
The bacterial colonies were isolated from the MYP plates clindamycin  (DA)  2µg,  chloramphenicol (C), 30 µg,
as separated single colonies and subcultured on L.B agar colistin (CT) 10 µg, Gentamicin (GN) 10 µg, levofloxacin
slants [26]. The bacteria isolates were examined by Gram (LEV) 5 µg, Imipenem (Imp) 10 µg, Ofloxacin (OFX) 5 µg,
and spore staining and the isolates of Bacillus spp. were amoxicillin/clavulanic acid (AMC) 20/10 µg and
identified by the criteria of Cowan and Steel [27] and vancomycin 30 µg. They were obtained from Bioanalyse,
Kramer et al. [28]. Each strain was examined by light LTD, Tibbi Malzemeler San. Ve Tic. Ltd Sti, Ankara,
microscope Leica LEITZ, LABOR, LUX, Germany. Turkey.

Production of Hemolysin: Each Gram positive endospore Effect of Gamma Radiation on Isolated Bacillus spp.:
forming Bacillus strain was streaked on the surface of
blood agar plates [29]. The positive control is Bacillus
cereus ATCC 11778 (American Type Culture Collection,
USA).

Determination of Phospholipase C Production: Each Gram
positive endospore forming Bacillus strain was streaked
on the surface of Tris-buffered saline medium [30]. The
positive control was B. cereus ATCC 11778.

Induction of Lethal Toxin: According to Shinagawa et al.
[31], the bacterial isolates under study were inoculated on
slants of brain heart infusion agar (BHIA, Difco) and
incubated at 32°C for 14-16 hours. From each slant
inoculate 10 ml brain heart infusion broth BHIB in 100 ml
conical flask and incubated for 16 hours at 32°C on
shaking  water  bath  at  100 cycles/minute.  One  ml from
16 hours culture of each strain was inoculated into 100 ml
BHIB supplemented with 0.1% glucose (BHIG) in 500 ml
conical flask for 6 hours at 32°C with continuous shaking
at 90 cycles/minute. Bacterial cells were removed by
centrifugation at 8000 rpm for 20 minutes at 4°C, followed
by filtration of the supernatants through disposable
Millipore (0.45µ) filter. The resulted filtrates were used as
crude toxins.

filtrate  was  injected  into  the veinus tail of adult mouse

5

(AK) 30 µg, cefuroxime (CXM) 30 µg, ciprofloxacin (CIP)

According to Abo-State [2] the selected Bacillus sp.
isolate were grown in L.B. broth for 24 hours on shaker
(150 rpm) at 30°C. The grown culture was centrifuged
(8000 rpm for 15 min). The supernatants were decanted
and the pellets were suspended in sterile saline. The
suspended Bacillus cells were collected in a sterile clean
flask to form a pool. The bacterial suspension was
distributed in clean sterile screw cap test tubes. Each tube
contains 5 ml of bacterial suspension, the tubes were
exposed to different doses of gamma radiation (0, 1.0, 2.0,
4.0, 6.0, 8.0, 10.0 kGy) form Indian cell Co-60 located at
National Center for Radiation Research and Technology
(NCRRT), Nasr City, Cairo, Egypt. The used dose rate is
1 kGy/12.5 min. The non irradiated control and the
irradiated cultures were serially diluted and plated on the
surface of L.B agar plates to determine their viable count
(dose response curve).

RESULTS AND DISCUSSION

Determination  of  the  Bacterial  Load  Contaminating
Eye Drops Samples: Seventy five eye drops were
investigated to determine their bacterial contamination
and  microbial  load. The results in Table 1 revealed that
58  samples  (77.3%) out of the 75 eye drops samples were
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Table 1: Bacterial count of eye drops samples on MYP medium 
Sample No. Count Sample No. Count Sample No. Count
1 1x10 27 5x10° 54 3x10°1

2 1x10 28 1x10 55 - ev1 1

3 - ev 29 3x10° 56 4x101

4 2 x 10 30 - ev 57 3x10°1

5 2x10 31 - ev 58 2x10°1

6 2x10 32 -ev 59 1x10°1

7 1x10 33 - ev 60 5x101 1

8 - ev 34 1x10 61 5x10°1

9 36x10 35 - ev 62 - ev1

10 1x10 36 - ev 63 7x10°1

11 1x10 37 - ev - -1

12 1x10 38 15x10° 64 - ev1

13 2x10 39 1x10° 65 3x10°1

14 1x10 40 4x10 66 2x10°1 1

15 1x10 41 1x10° 67 3x101 1

16 60x10 42 2x10° 68 2x10°1

17 6x10 43 2x10° 69 1x10°1

18 3x10 44 3x10° 70 3x10°1

19 25x10 45 1x10 71 120x101 1 1

20 20x10 46 2x10° 72 1x101 1

21 2x10° 47 10x10° 73 3x10°
22 -ev 48 2x10° 74 - ev 
23 2x10° 49 - ev 75 - ev
24 2x10° 50 1x10° - -
25 2x10 51 12x10 - -1 1

26 - ev 52 8x10° - -
- - 53 6x10° - -

contaminated with bacteria. The bacterial count of the
positive sample ranging from 1.0 CFU/ml to 6.0x102

CFU/ml.

Identity of the Bacillus spp. Contaminating the Samples:
The  microscopic examination revealed that, 133 bacterial produce hemolysin on blood agar medium indicated that
isolates have been isolated from the fifty eight positive out of 57 isolates 41 isolates exhibited positive hemolysin
samples of eye drops. From these 133 isolates, 57 isolates production (71.9%), while 16 isolates (28.1%) failed to
are Gram positive, spore forming, Long chain, large bacilli produce hemolysin (negative) as indicated in Fig. 2.
(42.85%) as indicated in Fig. 1 where the results revealed Among the strains isolated from eye drops, Bacillus spp.,
that out of 58 positive eye drop samples, 32 samples were strains which produced hemolysin have been streaked on
contaminated with Bacillus spp. (55.1%). Sample No. 24 Tris-buffered saline. Strains MAM-9 and MAM-40
is  the  highest  sample contaminated with Bacillus spp. isolated from eye drop samples produced very large
five isolates were picked up from this eye drop sample quantity of phsopholipase C around these colonies on
(No. 24). Little have been recorded about contamination MYP  medium and  on   Tris-Buffered   saline  medium.
of pharmaceutical products especially eye drops. So, in This means that isolated strains MAM-9 and MAM-40
this study evaluation of the contamination of this critical produced hemolysin and phospholipase C in a large
product with Bacillus spp was conducted. Eye drops quantity. The other strains produced hemolysin in
used to cure patient’s eyes, when they were contaminated addition to phospholipase C but beneath the colonies
with  Bacillus  spp.  which cause serious eye infections, tested only not around the colonies as in case of MAM-9
the problem became very complicated. Gram-positive rods and MAM-40. For this reason, these two isolates were
and cocci are the most frequent bacterial contaminants in used for induction of their toxin and injection into the tail
pharmaceutical production environments and in raw vain of the mice. The injected mice with these two strains
materials  because  of  their resistance to a wide variety of were  die  after  one  hour  of  injection,  while  the  control

Fig. 1: Percentage of contaminating samples with
bacteria and with Bacillus spp.

destructive factors. It has been reported that the genus
Bacillus is the most frequent contaminant in oral drugs
with Bacillus cereus as common contaminant [32, 33].
This finding confirmed the present results and was
confirmed with the results of Garcia-Arribas et al. [16].
The  microbial  contamination  of  68  samples  of topical
and 324 samples of oral medicaments has been studied.
The most common group of contaminants is members of
the genus Bacillus (34.4%). Because of the pathogenic
significance of B. cereus 39 strains could be characterized
by morphology and biochemical properties [16].

The Virulence Factors: The results of testing the ability
of Bacillus spp. isolated from eye drops samples to
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Fig. 2: Percentage of hemolysin production among the found to be highly sensitive to imipenem, amikacin and
contaminating Bacillus spp. isolates azithromycin and was resistant to ceftazidime cefuroxime

Fig. 3: Effect of different doses of gamma radiation on clindamycin, ofloxacin and clarithomycin as recorded in
the viable count of the isolated Bacillus strain Table 2. However, isolate MAM-28 isolated from eye
MAM-40 isolated from eye drops drops is susceptible to imipenem, amikacin, ciprofloxacin,

group which injected with BHIG broth exhibited no affect azithromycin, ceftazidime, amoxicillin + clavulanic acid,
(not die). The above results were confirmed by Abo-State cefuroxime and colistin. This isolate was intermediate in
[2] and Shinagawa et al. [34]. The results revealed that its susceptibility to vancomycin, clindamycin,
71.9% of the eye drops Bacillus spp., isolates were chloramphenicol and clarithromycin.
hemolysin producer. Two isolated strains from eye drops Also the presence of some aminoglycosides,
are hemolysin producer, phospholipase C producer and Gentamycin, tobramycin and neomycin are classified as
lethal to mice. These results are in agreement with those aminoglycosides which containing 2-deoxystreptamine in
obtained by Garcia Arribas et al. [16], Beattle and a diglycoslyated form and inhibiting protein synthesis in
Williams [35], Taylor et al. [36] and Sergeev et al. [37]. a triphasic way [38]. Ciprofloxacin, levofloxacin and

Determination of the Antibiotic Profile of Representative [39] and as second generation quinolones which inhibit
Isolates:  In  this  study  MYP  medium  which  was  used DNA gyrase and DNA topoisomerase IV according to
as  selective  medium  for  B.  cereus  and   related  strains Yao and Moellering [40]. The other antibiotics sulfamide,
(B.  anthracis,  B.  mycoides,  B.  thuringiensis  …etc), oxytetracyclines and chloramphenicol are classes of
with the omission of the antibiotic polymyxin B-sulphate antibiotics, sulfonamides, tetracycliens and
for two reasons was conducted. The first one, because chloramphenicols respectively according to Kayser et al.
some strains of B. megaterium can not grow on medium [39]. These antibiotics are broad spectrum antibacterial
containing polymyxin. The second reason because some antibiotics.  Tetrayclines  and chloramphenicol antibiotics

of the eye drop samples contain already antibiotics which
may be interfered with the presence of another antibiotic
in the medium (polymyxin). Samples of eye drops can not
sterilize by gamma irradiation, another solution for this
problem must be achieved. Determination of the antibiotic
profile of representative isolates from eye drop sample has
been conducted. The results presented in Table 2
revealed that, the most virulent Bacillus strains isolated
from  eye  drops  (MAM-9,  MAM-21, MAM-28 and
MAM-40)  were  tested  against 15 different antibiotics.
The results of Bacillus isolate MAM-40, which was
isolated from eye drops and produce hemolysin and
phospholipase C and was found to be lethal to mice was

and colistine. Bacillus isolate MAM-9 which also
possessed two virulent factors (hemolysin and
phospholipase C) and was found to be lethal to mice was
found to be susceptible to imipenem, ciprofloxacin,
levofloxacin, azithromycin, ofloxacin and clarithromycin,
while it is resistant to gentamycin, vancomycin,
ceftazidine  ( cefuroxime,  chloramphenicol   and  colistin.
It  is  intermediate  in  its susceptibility to amikacin.
Bacillus isolate MAM-21 isolated from eye drop is highly
susceptible to imipenem and amikacin and resistant to
azithromycin, ceftazidime, amoxicillin, cefuroxime and
colistin and intermediate in its susceptibility to
gentamycin, vancomycin, ciprofloxacin, levofloxacin,

gentamycin and levofloxacin and is resistance to

ofloxacin are classified as a broad spectrum Quinolones
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Table 2: Susceptibility of different isolates to different antibiotics 
Item Isolate code CN VA IPM AK CIP LEV AZM CAZ AMC CXM DA C OFX CLR CT
Eye drops MAM-9 13 17 41 23 33 36 39 -ev 11 -ev 29 13 33 40 -ev

MAM-21 24 15 50 34 28 31 12 -ev 9 -ev 23 16 25 19 -ev
MAM-28 22 16 25 34 33 35 11 -ev -ev -ev 19 18 28 13 -ev
MAM-40 27 17 55 35 34 30 42 -ev ND -ev 20 31 30 38 -ev

inhibit protein synthesis of bactieral ribosomes. The serious infections were found to be sensitive to
bacteriostatic or bactericidal effect depends on the clindamycin, erythromycin, chloramphenicol, kanamycin
antibiotic concentrations [40]. Also, Rezk [41] isolated 14 sulfate and tetracycline hydrochloride and resistant to
antibiotic resistant bacterial isolates out of 45 bacterial oxacillin and cephalothin sodium and penicillin G [47, 48].
isolates which have been isolated from 117 pharmaceutical Bacillus spp are nearly always sensitive to
products. tetracycline, kanamycin, gentamycin and chloramphenicol.

The results revealed that imipenem and amikacin are Sensitivity  to  penicillin  and   cephalosporins   is   high
the most effective antibiotics against the majority of for   B.   subtilis,     intermediate     for    B.   pumilus   and
Bacillus spp. isolated from eye drops. The results B.  licheniformis  and  low  for  B. cereus [49]. B. cereus is
revealed also that each of the tested Bacillus isolated the   cause   of   fulminating   panophthlamitis  infection.
strains  had  its  own  pattern  for  antibiotic  resistance. All B. cereus isolates are resistant to penicillin,
The levels of susceptibility to antibiotics varied widely for semisynthetic penicillins and cephalosporins but
different species of the genus Bacillus and even among sensitive to gentamicin, clindamycin, vancomycin and
strains of the same species as indicated from the above chloramaphenicol  [50].  Bacillus  species   are  sensitive
results and confirmed by the results of other to  aminoglycoside,  tetracycline   and   chloramphenicol.
investigators. Laflamme et al. [42] reported that the B. cereus as rule is resistant to penicillin G, ampicillin,
majority of antibiotic resistance genes has a plasmidic or methicillin and cephalothin with other species of Bacillus
chromosomal origin and is present in low copy numbers having varying levels of sensitivity [51]. Bacillus cereus
in the cell. All strains of Bacillus cereus isolated from isolates are highly resistant to lincomycin, polymyxin B
open fractures in traumatology-orthopaedy were 100% and penicillin G. cephalosporin and are susceptible to
resistant to penicillin, ampicillin, amoxicillin, cefalotine, streptomycin,  erythromycin   and  chloramphenicol  [16].
cefotaxime and imipenem, while they are 100% susceptible B. cereus isolated from valvular heart disease endocarditis
to gentamicin, petimicin, tobramycin and 33% resistant to is susceptible to imipenem, vancomycin, chloramphenicol,
minocycin, 6% to erythromycin, 3% to pristinamycin, 12% gentamycin and ciprofloxacin while clindamycin is
to rifampicin. Also, they are sensitive to ciprofloxacin and variably effective [52]. Santini et al. [53] found that
vancomycin [43]. B. cereus strains isolated from topical Bacillus licheniformis taken intraoperatively from the
and medicaments drugs are highly resistant to lincomycin, aortic area is susceptible to cephalothin, gentamicin,
polyxin  B  and  penicillin-G,   cephalosporin  and are clindamycin, vancomycin and trimethoprim-
susceptible to streptomycin erythromycin and sulfamethoxazole; it is resistant to penicillin, methicillin,
chloramphenicol [16]. These antibiotics (imipenem and tetracycline and erythromycin. Seventy five Bacillus
amikacin) were not only effective against Gram positive strains   were    grouped    in  six    species,   B. subtilis,
but also against Gram negative bacteria. Itokazu et al. [44] B. licheniformis,  B.  pumilus,  B. cereus, B. megaterium
revealed that amikacin and imipenem are the most efficient and B. polymixa are tested against different antibiotics.
against 33.869 Gram negative Bacilli (GNB). These Most of these strains are resistant to lincomycin; low
antibiotics (Imipenem and amikacin) are not only effective susceptibility to polymyxin could be detected with strains
against Gram positive but also Gram negative, carbapenem related to B. megaterium while other species are
found to be the most active against Gram negative bacilli completely resistant to this antibiotic. The levels of
(GNB) in US. ICUs. Imipenem resistance rate with the susceptibility to methicillin and streptomycin varied
Enterobacteriacea remained at the level of 1% or less. widely for different strains considerable interspecific
Also amikacin is broadly active against the differences in susceptibility could be detected with
enterobacteriacea and P. aeurginosa [45]. Tetracycline oleandomycinacillin, chloramphenicol, ampicillin,
resistance was attributed to a small plasmid isolated from carbenicillin, ristomycin, tetracycline and benzyl penicillin
B. cereus Gp7 and this plasmid could be subsequently [54]. B. popilliae may have a precursor to or have
transformed in B. subtilis [46]. Bacillus spp. caused ancestral  gene  in  common  with  vancomycin  resistance
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genes in enterococci [55]. B. popilliae, the causative anticancer drugs were exposed to 30 kGy gamma and
organism of endocarditis is susceptible to penicillin but electron beam radiation to study the effect of irradiation
not to gentamycin [56]. Eye drop can be treated by the on the sterilization of drugs. Cyclophosphamide (CPH)
addition of imipenem or amikacin as a suitable antibiotic undergoes  less  than  2%  degradation at 30 kGy.
to confirm protection against contamination with serious However, Doxorubicin (DOXO) was found to be quiet
pathogens of the genus Bacillus. radiation resistant  failed  to undergo significant changes

Effect of Gamma Radiation on the Representative irradiation (EBI) on B. cereus spores at doses 1.3, 3.1, 5.7
Bacillus sp. Isolated From Eye Drops: Also, eye drops kGy.
can not sterilized by gamma radiation, it is interested to
determine the effect of gamma radiation on the Bacillus
sp. isolated from eye drops, in general, Bacillus sp. were
resistant to gamma radiation and adverse conditions,
because  Bacillus  spp.  were  spore   forming  bacteria.
The tested Bacillus strain MAM-40 was exposed to
different doses of gamma radiation. As the gamma
radiation increased, the viable count decreased gradually.
Ten  kGy  reduced  the  viable  count by 4.17 log cycles.
The sterilization of thermolabile medical devices, such as
catheters or syringes with ionizing radiation is
successfully practized in many countries. The advantages
of sterilization by irradiation include high penetrating
power, low chemical reactivity, low measurable residues,
small temperature rise and the fact that there are fewer
variable to control [57]. The compounds on which
radiation sterilization studies have been reported include
vitamins [58], antiprotozoals [59], antibiotics [60-64],
steroids [65], bronchodilators [66], anti-hypertensive [67].
So, with the application of Co-60 radiation sterilization in
pharmaceutical industry, attention should be paid to the
possibilities of sterilizing traditional medicine drugs
produced  in  Vietnam  [68].  Abo-State [1, 2] found that
10.0 kGy Co-60 gamma radiations reduced the viable count
of Bacillus cereus by 1.97 log cycles. Abo-State and
Khalil [69] reported that 10 kGy gamma irradiation reduced
the viable count of B. cereus NRRL 569 and ATCC11778
by 5.5 and 2.7 log cycles respectively. The most promising
Gram +ve spore forming Bacillus isolate MAM-96 which
can on 8 mM of chloroniated compounds is highly
resistant to gamma radiation. Ten kGy reduced its viability
by 2.5 log cycles [70]. D  value of the two highly10

toxigenic strains of B. cereus after exposure to gamma
radiation is 2.2 and 1.9 kGy respectively. Gamma radiation
failed to exhibit any effect on B. cereus toxin lethality till
2.0 Mega [71]. De Lara et al. [18], studied the effect of
irradiation with accelerated electron beam on B. cereus
and B. subtilis spore counts. Spore counts reduced
approximately two log cycles for B. cereus and up to five
log cycles for B. subtilis after a radiation dose of 7.6 kGy
with D  values ranging from 1.5 to 3.8 kGy. Two10

[72]. Valero et al. [73] studied the effect of electron beam
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