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Introd uctitﬁl

The possibility of using heat in
combination with irradiation was firstly
suggested in the 1950’s when synergistic
effect was observed with a variety of
biological systems including bacteria. There
is still some debates about whether
irradiation should be applied simultaneously,
prior to, or after heating, but it is generally
agreed that a significant synergistic effect on
the destruction of vegetative bacterial cell
and spores can be achieved by the
combination (1,2). Thayer et al, investigated
the effect of heat and ionizing radiation on
Salmonella typhimurium, and reported that
irradiation to a dose of 0.9 KGY caused heat-
sensitization in this organism (2).

Lage and Menezes suggested an
antagonistic effect between heat-shock and
UV radiation when they found that prior
heat-shock treatment of Escherichia coli
increases its resistance to 254 nm radiation.
The same heat-shock induced resistance was
observed after 280 nm radiation with UV
light (3). The present study was suggested to
assess the effect of heat-shock without
photochemical agents for the killing of
Staphylococcus aureus isolated from the
wounds of hospitalized patients in Saddam
teaching hospital of Tikrit City.

[Materials and Methods|

Samples were taken from patients
residented in Saddam teaching hospital of
Tikrit City. Swabs were taken from wounds
of patients on the third postoperative day.
The samples were transported in test tube
containing 2 ml nutrient broth (4).

The samples were enriched in
nutrient broth at 37 C°  for 18 hrs. Each
sample was subcultured on blood agar and
mannitol salt agar. The inoculated plates
were incubated at 37 C°  for 24 hrs. The
suspected colonies of Staphylococcus aureus
were purified in duplicate nutrient agar
plates. The purified colonies were further
identified using the conventional methods

(5).

Four strains of Staphylococcus
aureus before and after laser irradiation were
exposed to heat- shock according to method
described elsewhere (3). For experimental
purposes, each strain was grown in nutrient
broth at 37 C° for 3 hrs in a shaker. Heat-
shock treatment were administered by
transferring 5 ml of the culture to a sterile
test tube and placed in a water bath at 65 C°
for 30 min. The organism then was harvested
by centrifugation for 8000 rev. min for 5 min
and resuspended in an equal volume of 0.9%
(w/v) saline. 10-fold serial dilution of the
contents of each tube was prepared in sterile
nutrient broth and duplicated 50 ml aliquots
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were spread over the surface of blood agar
plates and incubated for overnight at 37 C°.
The resulting colonies were counted. Control
tubes identical to those described above,
were prepared and incubated at 37 C° for 30
min. The test was repeated at 60, 55, 50 and
45 C° for all strains. The heat-shocked
strains were kept on nutrient agar slants at 4
C® for further investigations.

Exposure of Staphylococcus aureus to
disinfectants:

Strains of Staphylococcus aureus

were exposed to a series of dilution of
hebitane, dettol, cetrimide, savlon and
providine-iodine according to methods
described elsewhere (6).
Effect of laser-providine-iodine combination
on Staphylococcus  aureus Lethal
photosensitization of S. aureus was done
according to the method described by Al-
Jebouri and Al-Obaidi (7).

Results

Tables (1,2,3 and 4) showed the
effect of heat-shock on total viable counts
(TVC’s) of four strains of S. aureus isolated
from the wounds of patients. It was found
that there were no significant decreases in
TVC’s among all firstly and secondly-
disinfectant exposed strains (P>0.05) using
Dancan’s test when these strains were
exposed to 44 C°. But one strains were
showed a significant decrease in TVC’s
(P<0.05) using the same statistical tast (Table
1). It was found that there was no significant
decrease in TVC’s (P>0.05) among all non-
disinfectant exposed strains except for those
exposed to laser-providine-iodine and laser-
toluidine blue O combination which showed
a significant decreases in TVC’s (P<0.05)
when exposed to 50 C° for 30 min (Table 2).

Table (3) showed a significant
decrease in TVC’s among all non-
disinfectant,  firstly  and secondly
disinfectant-exposed strains (P<0.05) when
they exposed to 55 C° for 30 min. The effect
of heat-shock at 60 C° for 30 min on TVC’s
for all strains (disinfectant exposed and
photochemical agent-exposed) of S, aureus
was statistically significant and the TVC’s
decreased (P<0.05) using Dancan’s test
(Table 4).

of Staphylococcus aureus isolated from wounds and
tant agenls

Tables (1,2,3 and 4) showed that S.
aureus is not a particular heat-resistant
bacterial pathogen and even high populations
would be completely destroyed with 60 C°
for 30 min. This result was almost similar to
that found by other workers, who found that
high population of S. aureus could be
completely destroyed by conventional
pasteurization treatment (8). Also, it was
found that exposure to photochemical agents
led to radiation induced heat-sensitization in
S. aureus strains. The same result was found
by Thayer et al. (2) who found that
ionizing radiation caused heat sensitization in
Salmonella typhimurium,

Moreover, it was found that
radiation-induced  heat-sensitization  was
occurred among Listeria monocytogenes
isolates (9). In contrast, Lage and Menezes
found that heat-shock enhanced the survival
of Escherichia coli after UV ( 254 or 280
nm) radiation, but the results indicated that
thermotolerance was not achieved after UV
irradiation of E. coli (3). The possibility of
using heat in combination with irradiation
was firstly suggested in the 1950’s when
synergistic effect were observed with a
variety of biological system including
bacteria. However, there is still some debates
about whether irradiation should be applied
simultaneously with, prior to, or after
heating, but it is generally agreed that a
significant ~ synergistic effect on the
destruction of bacteria can be achieved by
the combination (1).

The synergistic effect of irradiation
plus heat is due to the inability of cell to
repair radiation induced damage because
heating inactivates repair enzymes. The
longer the time period which elapses
between irradtion and heating, the more
likely it is that the cell will be able to repair
radiation damage and regain its original heat
resistance (10). It was found that a low dose
of gama radiation results in heat-sensitization
of Listeria monocytogenes and this
sensitization persist for up to 2 weeks at 2-3
C (9). However, the present results need
further  investigation particularly  on
molecular level.
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Table(1): The effects of heat-shock (44 C2 for 30 min.) on total viable counts (TVCs) for four
non- disinfectant-exposed, firstly-disinfectant-exposed and secondly-disinfectant-exposed strains
of Staphylococcus aureus isolated from wounds,

Type of £ -
Exposur | photoche TVCs & type of disinfectant-exposed strains
e to mical TVCs x 10 for TVCs x 10 for TVCs x 10 for
heat- | exposure non-exposed firstly-exposed secondly-exposed
shock* A strains strains strains
1 2 3 4 2 -3 4 1 2 3 4
48 149 [ 50|50 (49|50 51 49 49 [ 51 | 50 | 49
BH Do 15005 Laled s s 0ololo]o
48 | 46 (50 (49 | 47 [ 47| 41 | 35 49 1 49 | 49 | 49
el sl als o8l ol 51050
BH L 49 | 49 (50 (48 | 49 [ 49 [ 49 | 49 51 | 50 | 49 | 49
0 <] 5 5 0]0 5 0 0 0 0 5
AH L 47 |47 |47 | 46 | 48 | 47 47 | 43 | 48 | 47 | 47 47
5 I 0O|l]0[0] o0 5 0 5 0 5
48 |50 (51 (44505050 49 48 | 51 | 50 | 50
>l e olslolols |0
45146 | 47 |39 | 48 | 48 47 | 48 | 39 | 43 | 46 47
R0 F ol s Lal 5ot g s|slololols
5151505947748 50| 51|54 ] 527 51 53
i o o elat s et sl vl 1% s 1515 l%
45|47 |46 (33 ]| 46 | 47 42 | 48 | 47 | 45 | 45 | a8
i L+ 0jJ5lofjofjofs]|oflo]|5]|0]s 0

*, BH = Before heat-shock; AH = After heat-shock.
**, L = Laser; TBO = Toluidine blue 0; PI = Providine-iodine.
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Table (2): The effects of heat-shock (50 C°
non- disinfectant-

of Staphylococcus aureus isolated from wounds.

Type of v
Exposur phyolt)o c(lll = TVCs & type of disinfectant—exposed strains
eto mical TVCs x 10 for TVCs x 10 for TVCs x 10 for
heat- | exposure non-exposed firstly-exposed secondly-exposed
shock* x% strains strains strains
w23l alaliT213T3
54 (5351 53 [49 (50|60 54 |53 [ 53 [ 49 [ 51
BH | Before sl sdisst sl Slol sl 6!0lol e
S1| 484550 (392331321829 [ 20 31
el a0 o 0 M ool Lt S S Bl N 5 |'s
L ; S1 |54 |54 58|53 (5955|4951 3948 30
sloflofs|olsloflo|s]|ols|’s
3234393020 23115 12 [ 16 | 15 ] 18
AH L oflslolsls|sla|Plols]0le
49 |51 (53 [53 |60 59|54 53 |51 149 |48 [ 30
BH ARG Ll oils b ed 5l o= | 510
20192010 21 22 10 [ 17 |20 | 13 [ 19
AN L LrtBO Bt s s b le 1Pty | e 5| s
51|53 (48 [49 5153|5350 49 50 35031
BH “H bslededsdalsiolals | kel
19] 15[ 14 18118 10|12 |19 14 | 18
AH Y Lol Lot s e l®™ s s | 6.l oeln

*, BH = Before heat-shock; AH = After heat-shock.

**, L = Laser; TBO = Toluidine blue 0; PI = Providine-iodine.
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Table (3): The effects of heat-shock (55 C° for 30 min.) on total viable counts (TVCs) for four
non- disinfectant-exposed, firstly-disinfectant-exposed and second ly-disinfectant-exposed strains

316

of Staphylococcus aureus isolated from wounds.

Exposur | Type of
eto photoche TVCs & type of disinfectant-exposed strains
heat- mical TVCs x 10 for TVCs x 10 for TVCs x 10 for
shock* | exposure non-exposed firstly-exposed secondly-exposed
i strains strains strains
1 2 85141132 13]l4]l 1172314
52|51 |51 (48 (483950 51 |48 |49 | 51| 51
BH Before |01 5 15s MEAFISINERER AN Y
51149149 144 (141210 13 [95 [ 18 | 10 | &2
AH Before 10 10| s 511130 8 01| o0
Bit L S1[51|54153|51([51[49[50 3942|4748
0154101815001 |ls516lo|ls]s
15[ 1431 10 1910 5 [29
AH L s|slpl62fis s 4|15 o
5251|4841 (48|51 [48] 40 |41 |51 |48 | 43
BH L-TBO 010 Lkslolsiols)lolsiols|s
AH | L-TBO 140 '63 80| 0 |66[53]24] 0 | 60 100 LR
48 139 | 41 | 41 [ 49 |48 [ 41| 41 |42 [ 39 | 40 | 41
BH PR Jololslelats]slsls 5|55
AH L-PL |91 [30|51]0|ss|37]0 | o |23 100 W10

*, BH = Before heat-shock; AH = After heat-shock.
**, L = Laser; TBO = Toluidine blue 0; PI = Providine-iodine.
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Table-4. The effects of heat-shock (60 C° for 30 min.) on total viable counts (TVCs) for four non-
disinfectant-exposed, firstly-d isinfectant-exposed and secondly-disinfectant-exposed strains of
Staphylococcus aureus isolated from wounds.

Exposur pTh);l:; ::; TVCs & type of disinfectant-exposed strains
eto mical TVCs x 10 for TVCs x 10 for TVCs x 10 for
heat- | exposure non-exposed firstly-exposed secondly-exposed
shock* ok strains strains strains

ek dERESEREIETN 1 2 3 4
5114948 (39(50(48 (5039 |48 [ 51 [ 50 49
01 8104510159015 0 0 5 0
AH Before iRl olofalolo 48] o 0 210
BH L 50|48 |49 (41 (31 |43[47( 45 | 46 | 48 | 50 48
Ol 010 FS 1045705 |.8 0 0 0 5

AH L 0OjojojojJofofof o 0 0 il
49 49

5 5

1 0

40 48

0 0

0 0

BH Before

39148 (45|44 |50 |48 42 ] 41 |40 [ 29
BH | L-TBO gipiolstizstolels|lola
AH L-TBO 01010710 1 0 0 0 0 0
51153[50(51(52(49] 50 | 41 43 | 41
o LeP] slistelstistolslolods
AH L-PI 0| 0] 0 1.0 ] 0 0 0 0 0
*, BH = Before heat-shock; AH = After heat-shock.
** L = Laser; TBO = Toluidine blue 0; PI = Providine-iodine.
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