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The effect of variable incubation temperatures and variable salt concentration in the sensitivity agar on
susceptibility testing of MRSA was evaluated. For this purpose 58 MRSA strains were tested. For each MRSA
strain mine Mucller-Hinton agar plates, three plates each with 2%, 5% and 7.5% sodium chloride (NaCl)
supplement were inoculated. One plate from each of the salt concentration was incubated at 30°C, 37°C and
40°C. It was found that with increase in temperature of incubation the size of inhibition zones increased. In the
presence of 2% NaCl supplement in the sensitivity agar, S MRSA appeared falscly intermediate sensitive on
incubation at 40°C. While on incubation at 37°C although all MRSA remained methicillin resistant, statistical
analysis revealed the effect on inhibition zone size to be approaching significance level (0.1>P>0.05). The effect
of incubation temperature on inhibition zone size was statistically insignificant (P>0.05) if 5% or 7.5% NaCl was
incorporated in the sensitivity agar. Therefore we recommend the use of 5% NaCl supplemented sensitivity agar
and incubation temperature of 37°C for the accurate detection of mecthicillin resistance in Staphylococcus

aurcus.

Key words: MRSA, Staphylococcus aureus, salt, temperature

Staphylococcus aurcus is a common pathogen
encountered in nosocomial infections'?. It is involved in
a wide range of discases varying from infections to
toxaemia’, AcqulllOﬂ of antibiotic resistance by
Staphylococcus aurcus is a major health problem. In the
1940s and 1950s penicillins* and cephalosporins® were
available for the effective treatment of these infections®.
However continued use of these antibiotics lead to
emergence of resistance to these beta-lactam drugs™®.
Bacteria developed resistance to them via production of
plasmid mediated enzyme, pencillinase.” Pencillinase
inactivates lhe beta-lactam drugs by splitting the beta-
lactam ring'®,

To solve the problem of inactivation by
pencillinase, pencillinase resistant encﬂlins (PRPs)
such as methicillin were introduced''. However with
continued usc of these PRPs there has beeﬂ an alarming
increase in the proportion of infections caused by MRSA
worldwide'*". Infections caused by MRSA are
generally also resistant to many other antibiotics’.
Therefore it poses serious therapeutic difficulties.

In the standard disk diffusion antibiotic
susceptibility methods, organisms are tested against
different antibiotics at incubation temperature of 37°C.
Use of this mcubahon temperature fails to detect all the
MRSA strains'!, Therefore to determine methicillin
resistance among Staphylococcus  aureus  isolates
incubation temperature of 35°C and/or incorporation of
sodium chloride in the sensitivity agar is
recommended'*'®, In Pakistan the ambient temperature
in most parts of the country remains above 30°C for
more than six months of the year. Thus it is sometimes
difficult to keep the temperature inside incubators at

<35°C. The present study was carried out to evaluate
different incubation temperatures and sodium chloride
cocentrations in the sensitivity medium for accurate
determination of methicillin resistance among
Staphylococcus aureus.

Materials and Methods

Fifty-eight MRSA strains were tested under wvariable
temperature and salt conditions. These strains were
isolated from a wvariety of clinical speccimens from
patients admitted in Services Hospital, Jinnah Hospital
and Shaikh Zayed Hospital, Lahore. Before
determination of methicillin sensitivity, the organisms
were confirmed as Staphylococcus aureus on the basis of
colony morphology on blood agar positive catalase,
DNase and tube coagulase tests'’. All the strains were
kept stored at room temperature as stab cultures in
nutrient agar'®. The isolates were labelled as methicillin
resistant based on results of methicillin susceptibility
tests by Kirby-Bauer method on medla containing 2%
sodium chloride and incubation at 30°C'”.

Sensitivity pattern of these MRSA isolates against
methicillin at variable temperature and salt conditions
was determined using Stokes method'® In the present
study ATCC 25923 was used as control methicillin
sensitive Staphylococcus aureus strain.

For each test organism, nine Mueller-Hinton agar
plates were inoculated. Out of these, three plates had 2%
sodium chloride supplement, three plates had 5% sodium
chloride supplement, while three plates had 7.5%
sodium chloride supplement. Separate sterilized cotton
swabs dipped in suspension of test/control organisms
were used for inoculation of each plate.
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In the present study, the control organism was swabbed
on the middle third of the dried Mueller-Hinton agar
plate. While the upper and lower third portions of the
plates were inoculated with two different test organisms,
leaving a distance of not more than Smm between the
control and test organisms. The inocula were allowed to
dry for a few minutes. Then 5ug methicillin disks were
placed between test and control organisms with the help
of a sterile forceps. The disks were gently pressed. One
plate from each of the different salt concentration was
incubated at 30°C, 37°C and 40°C. Thus for each
organism three plates were incubated at 30°C, three at
37°C and the last three plates at 40°C. Next day, the
plates were examined and radius of zone of inhibition
was measured with the help of a ruler from the edge of
the disk to the edge of zone of inhibition of the growth.
Test organisms were considered as sensitive,
intermediate or resistant to methicillin according to the
radius of zone of inhibition in comparison with that of
the control organism. In sensitive strains (S) zone radius
was larger than, equal to or not more than 3 mm smaller
than that of control. In intermediate(I) the zone radius
- was more than 3 mm smaller than the control but not
less than 3mm. In resistant strains (R) there was no zone
of inhibition or zone radius was measuring 2 mm or less.

Results

The size of inhibition zones of MRSA increased with
rse in temperature of incubation. This effect was
observed irrespective of concentration of salt in the
medium. The zones of inhibition were significantly
larger (P<0.05) at 40°C as compared to 30°C and 37°C
(Table 1). The results showed that incubation at 40°C
lead to 5 MRSA strains to falsely appear as intermediate
-sensitive. While at 30°C and 37°C, all the MRSA
remained resistant (Table 2).

Table 1 Zones of inhibition of MRSA isolates at various temperatures
irrespective of salt concentration

Temperature of incubation Zones of inhibition (mm)

0 = 1 2 3
30°C 147 24 3 0
37°C 146 25 3 0
40°C 126 30 13 5

P<0.05 (Significant) between 30°C vs 40°C and 37°C vs 40°C at 0 and
2 mm zones of inhibition.

P>0.05 (Non-significant) - 30°C vs 37°C at 0 and 2 mm zones of
inhibition between different temperatures at 1 and 3 mm zones of
inhibition. )

"Zones of inhibition" indicates the size of inhibition around the
resistant test organisms

The effect of variable temperatures on size of inhibition
zones in the presence of variable sodium chloride
concentrations in the medium was also studied. In the
presence of 2%, sodium chloride in the medium, zones
of inhibition were larger when plates were incubated at
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40°C as compared to plates incubated at 30°C and 37°C.
Statistical analysis revealed that at 40°C significantly
(P<0.05) less number of isolates had 0 mm zone of
inhibition. Moreover, 4 isolates could be labelled as
intermediate sensitive on incubation at 40°C (T able 3).
However, temperature of incubation had no significant
(P>0.05) effect 6n the zones of inhibition when the
MRSA isolates were inoculated on plates containing 5%
and 7.5% sodium chloride (Tables 4-5).

Table 2 Resistance pattern of MRSA isolates at 30°C, 37°C and 40°C
irrespective of salt concentration

Temperature of incubation Resistant Intermediate
30°C 174 0
37°C 174 0
40°C 169 6]

P>0.05 but <0.1 (approaching significance level) between 30°C vs
40°C and 37°C vs 40°C
P>0.05 (non-significant) between 30°C vs 37°C

Table 3 Zones of inhibition of MRSA isolates at various temperatures
using 2% sodium chloride supplemented media
Zones of inhibition (mm)

Temperature of incubation

0* 14 - 2%e 3%
30°C 51 6 1 -
37°C 49 7 2 -
40°C 39 9 6 4

*P<0.05 (Significant) between 30°C vs 40°C at Omm zone of
inhibition

*p>0.05 but <0.1 (Approaching significance level) between 37°C vs
406C 0 mm zone of inhibition

**p>0,05 (Non-significant) between different temperatures atl, 2 and
3 mm zones of inhibition

“Zones of inhibition” indicates the size of inhibition around the
resistant test organisms

Table 4 Zones of inhibition of MRSA isolates at various temperatures
using 5% sodium chloride supplemented media
*7 ones of inhibition (mm)

Temperature of omcibatopm

0 1 2 3
30°C 46 12 - -
37°C 43 13 - -
40°C 40 13 5 -

*P>0.05 (Non-significant) between the different groups at 0,1,2and3
mm zones of inhibition
wZones of inhibition” indicates the size of inhibition around the
resistant test organisms

Table 5 Zones of inhibition of MRSA isolates at various temperatures
using 7.5% sodium chloride supplemented media
*Zones of inhibition (mm)

Temperature of incubation 0 1 2 3
30°C 50 6 2 -
37°C 52 5 1 -
40°C 47 8 2 1

*p>0.05 (Non-significant) between the different groups at 0, 1,2 and 3
mm zones of inhibition



Discussion
Antibiotic sensitivity testing in routine laboratories is
generally performed on media without salt supplement
followed by incubation at 37°C, irrespective of bacterial
species to be tested. Under these conditions methicillin
resistance in staphylococci may be missed.”® Accurate
detection of methicillin resistance can be done on media
without salt by incubation at 30°C?"® or at 35°C%%,
Incubation temperature of 35°C has an added advantage
that it can be used for sensitivity testing against other
antibiotics as well**?*. However successful detection of
methicillin resistance in Staphylococcus aureus requires
strict control of temperature inside the incubators at
35°C. Increase in the temperature of incubator above
35°¢ maoy result in resistant strains to appear as
sensitive®

In majonty of southern areas of Pakistan the
ambient temperature remains higher than 30°C for more
than six months of the year. Particularly in the months of
May to August, the mean maximum temperature remains
more than 35°C?. In the presence of such high ambient
temperature it is difficult to maintain the tempcrature
inside the incubators close to 30°C for about seven
months and 35°C for four months of the year. During
these months this problem can be solved by installation
of air-conditioners in the laboratories. To keep these air-
conditioners functioning round the clock, continous
power supply is required. In our couniry frequent power
failures are a regular occurrence. Therefore, keeping in
view all these facts it is difficult to maintain the
optimum temperature (<35°C) required for accurate
detection of methicillin sensitivity of Staphylococcus
aureus.

Methicillin resistant Staphylococcus aurcus are
multiple drug resistant organisms. The drug of choice for
treatment of infections with MRSA has been
vancomycin27 But recently low level vancomycin
rcsxstance in MRSA strains has been reportcd from
Japan®, France® and America®’ In this scenario accurate
1dcnt1ﬁcamn of methicillin resistance in Staphylococcus
aureus has acquired added importance.

In the present study, strains inoculated on 2%
sodium chloride supplemented media showed larger
zones of inhibition when sensitivity plates were
incubated at higher temperature. The result of the
present study are in agreement with results of studies
carricd out by other workers”°**2, In these studies
Kirby-Bauer method was used to see the effect of
temperature on inhibition zones of Staphylococcus
aurcus, They also concluded that the sensitivity of
methicillin resistant strains of Staphylococcus aureus
tends to increase with rise in temperature of incubation.

The effect of variable temperatures on inhibition
zones of MRSA isalates inoculated on media containing
5% and 7.5% sodium chloride supplement was also
studied. It was observed that on these salt supplemented
media different incubation temperatures (30°C, 37°C
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and 40°C) had no significant effect (P>0.05) on the sizes
of inhibition zones. In the light of these results we
conclude that in our environment 5% sodium chlonde
supplemented media should be used for accurate
detection of MRSA. On such media plates can be
incubated at routine incubation temperature of 37°C.
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