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SUMMARY

Two hundred and one strains of Staphylococcus aureus isolated from in-patients
and out-patients were examined for sensitivity to antibiotics, heavy-metal ions
and ethidium bromide and for phagc-typing pattern.

Heavy-metal ion resistance was less frequent than reported in previous studies
and was as frequent in penicillinase non-producing as producing strains.
'Mcthicillin-resistant' strains were resistance to ethidium bromide and mercury.
Resistance to heavy-metal ions, including cadmium, may bo becoming less
common amongst clinical isolates of S. aureus.

INTRODUCTION

Plasmids mediating penicillinase production by Staphylococcus aureus fre-
quently carry determinants for resistance to heavy-metal ions such as cadmium,
arsenate and mercury (Richmond & John, 1964; Novick & Roth, 1968). Resistance
to all three metal ions may be associated with multiple antibiotic resistance
(Dyke, Parker & Richmond, 1970; Nakahara el al. 1977). The high frequency of
heavy-metal ion resistance in S. aureus may follow co-selection of heavy-metal ion
resistance with penicillin resistance as a result of penicillin therapy. Alternatively
it has been suggested that environmental cadmium may select for resistant strains
(Kondo, Ishikawa & Nakahara, 1974). Rosdahl & Rosendal (1980) described a fall
in the frequency of heavy-metal ion resistance in Danish strains of S. aureus
between 1957 and 1974, but there are no recent reports from the United Kingdom
of the frequency of heavy-metal ion resistance in hospital isolates of S. aureus.
This study reports the frequency of heavy-metal ion resistance and of resistance
to antibiotics in recent hospital isolates from the Leeds General Infirmary.

MATERIALS AND METHODS

Strains of Staphylococcus aureus
Two hundred and one separate strains were isolated from patients attending the

Leeds General Infirmary as in-patients or out-patients between December 1985
and February 1986. All of the strains were stored on nutrient agar slopes at room
temperature for up to '3 months prior to testing for susceptibility to antibiotics
and heavy-metal ions. Multiple isolates from the same patient and of the same
phage type were included as one isolate.
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Identification of Staphylococcus aureus
All of the strains included in this study gave a positive tube coagulase (Cowan,

1938) and DNase (DiSalvo, 1958) test.

Susceptibility to antibiotics and heavy-metal ions
Susceptibility was determined using the disk diffusion method of Stokes &

Ridgway (1980) to penicillin 1 fig, erythromycin 10 /*g, tetracycline 10 fig, gon-
tamicin 10 fig, chloramphenicol 10 /ig, sodium fusidato 10 jig, cloxacillin 2*5 fig
and cephradine 30 jig. Strains of S. aureus were defined as sensitive if the zone
radius was equal to or within 2 mm smaller than that of S. aureus strain Oxford
(NCTC 6571). Methicillin resistance was determined by disk susceptibility testing
at 30 °C on Iso-sensitest agar (Oxoid Limited, Hampshire).

The minimum inhibitory concentration (MIC) for each strain was determined by
inoculation of 104 viable cells onto Iso-sensitest agar containing doubling con-
centrations of cadmium acetate from 10~6 to 10~2 M, mercuric chloride from 10~6 to
10~4 M or sodium arsenate from 5 x 10~6 to 10"2 M. S. aureus strains Oxford and
13136 (Jevons, 1961) were used as heavy-metal ion sensitive and resistant controls.

Phage typing
The majority of S. aureus isolates from hospital patients were phage-typed as

a routine procedure by a modification of the method of Blair & Williams (1961).
Five ml of peptone water was inoculated with the strain to be tested and
incubated for 18 h at 37 °C without shaking. The peptone water culture was used
to flood nutrient agar plates containing 5*5 mai calcium chloride. These plates were
drained and dried before application of phago preparations at RTD x 100 and then
were incubated at 30 °C for 18 h. Reactions were scored with + = 20-50 plaques
and + 4- = > 50 plaques.

RESULTS

Minimum inhibitory concentrations were bimodal for sodium arsenate and
mercuric chloride and trimodal for cadmium acetate. Resistance was defined as an
MIC exceeding 10"4 M for low level and 10"3 for high level cadmium resistance,
2*2 x 10"5 M for mercuric chloride and 1*28 x 10"3 M for sodium arsenate. The MICs
for resistant strains ranged from 10~4 to 5 x 10~3 M for cadmium acetate,
3*2 x 10~5 to 1*3 x 10~4 for mercuric chloride and sodium arsenate from 3*2 x 10~3

to 10~2 M. Sensitive strains were inhibited by concentrations of 2 x 10"5 to
8 x 10"5 M for cadmium acetate, 4 x 10~6 to 1-6 x 10"5 M for mercuric chloride and
10"4 to 8 x 10"4 M for sodium arsenate. Of the 201 strains studied, 179 (89%) were
penicillin resistant (Table 1), but resistance to other antibiotics was less common.
Cadmium resistance was predominantly high level (MIC of < 10~3 M). Cadmium
resistance was as common amongst penicillin sensitive as resistant strains. Ninety-
six (47*8%) of the 201 strains were resistant to penicillin alone compared to 84
(41*8%) resistant to both penicillin and cadmium acetate (10~4 M). Seventeen
(8*5%) strains were resistant to cadmium (10~4 M) but sensitive to penicillin.
Mercury resistance was uncommon but the 9 mercury resistant strains included 2
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Table 1. Percentage of hospital isolates resistant to antibiotics and
heavy-metal ions

Resistant to

Penicillin
Erythromycin
Tetracycline
Chloramphenicol
Gentamicin
Sodium fusidato
Cephradine*
Cloxacillinf
Cadmium (10"4 M)
Cadmium (10"3M)
Mercury
Arsenate
Ethidium bromide

Hospital isolates (%)
(n = 201)

890
10-9
3-5
00
5-5
5-5
40
00
4-9

45-3
4-5

40-8
50

* Including seven 'methicillin-resistant' strains and one strain showing resistance to
penicillin and cephradine.

f All isolates including 'methicillin-resistant1 strains were sensitive to cloxacillin by disc
testing at 37 °C.

resistant to penicillin, erythromycin and tetracycline and 7 'methicillin-resistant'
strains (MRSA). Six of the seven MRSA strains were resistant to erythromycin,
gentamicin, sodium fusidate, cadmium and mercury. One MRSA strain was also
arsenato resistant.

One hundred and eighty-five of the 201 (92%) isolates were phage-typed.
Thirty-eight strains (20*5%) gave reactions in more than one phagc group, 67
(30*2%) gave reactions in one phage group only and 80 (43*2%) strains were not
typablc (NT) using the current range of phages at RTD x 100. No strain was
resistant to cadmium or arsenate or mercury alone, but resistance to penicillin
alone was frequent. This pattern was found with a frequency varying from 12*8%
in strains with phage group 1 reactions to 52*5 % in NT strains. The only other
pattern of resistance which was frequent was resistance to penicillin and cadmium
and arsenate, which was found in 71*08% of strains with phage group 1 reactions,
but in only 18*8% of NT strains. Only ten strains were resistant to ethidium
bromide, including MRSA strains and three NT isolates.

DISCUSSION
In several studies, the frequency of cadmium resistance in strains of S. aureus

has been reported to exceed 80% (Dyke, Parker & Richmond, 1970; Kondo,
Ishikawa & Nakahara, 1974; Rosdahl & Rosendal, 1980). Explanations for the
high frequency of cadmium resistance include co-selection of cadmium resistance
by penicillin therapy because determinants for penicillinase synthesis are usually
found between genes coding for cadmium and arsenate resistance in penicillinase
plasmids (Novick et aL 1979; Shalita, Murphy & Novick, 1980). Another
explanation involves selection of cadmium resistance by environmental
cadmium. Heavy-metal ions arc common environmental pollutants. There is a
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high content of cadmium in cigarette smoke (Shroeder, Balassa & Hogencamp,
1961; Nandi et al. 19G9) and cadmium accumulates in tissues with time (Lewis,
Jusko & Caughlin, 1972). The amount of cadmium that adsorbs to nasal hair and
epithelial lining in smokers has not been measured, but in this study cadmium-
sensitive strains of S. aureus were inhibited by cadmium concentrations as low as
2 x 10"5 M.

In this study, penicillin resistance, not associated with heavy-metal ion resist-
ance, was the commonest resistance pattern. Although associated with multiple
antibiotic resistance, as previously reported (Richmond & John, 19G4), mercury
resistance was uncommon and resistance to heavy-metal ions including cadmium
was no more common in penicillin resistant than sensitive strains. The findings of
this study may reflect the present frequency of cadmium resistance in other areas
of the United Kingdom. Ethidium bromide resistance has been reported as a
characteristic of Australian MRS A strains (Townsend, Ashdown & Grubb, 1985),
but was found in the seven MRSA strains included in this study. Six of the seven
MRSA strains showed cadmium and mercury resistance, with arsenatc sensitivity,
which is a pattern of resistance also reported in Australian MRSA strains (Grubb
et al. 1983). Townsend et al. (1987) have recently reported London hospital isolates
of S. rtwrews with similar characteristics to Australian MRSA strains.

Although the reduced frequency of cadmium resistance reported in this study
may be a result of reduced levels of environmental cadmium and a reduction in the
incidence of smoking, a more likely explanation is that£. aurv.us is evolving such
that plasmids coding for both penicillin and heavy-metal ion resistance are
becoming less frequent. In support of this hypothesis is the finding that
cadmium resistance was no more common in penicillin-resistant that -sensitive
strains.

REFERENCES

BLAIU, J. E. & WILLIAMS, R. K. O. (1001). Phngo typing of staphylococci. Bulletin of the World
Health Organisation 24, 771 -784.

COWAN, S. T. (1038). Tho classification ofstaphylococci by precipitation and biological reactions.
Journal of Pathology and Bacteriology 46, 31-45.

DISALVO, il. W. (1058). Dcoxyribonuclease and coagulase activity of micrococci. United Stales
Armed Forces Medical Journal, Technical Bulletin 9, 101-100.

DYKB, K. G. H., PAKKKK M. T. & RICHMOND M. H. (1070) Penicillinase production and metal-
ion resistance in Staphylococcm minus cultures isolated from hospital patients. Journal of
Medical Microbiology 3, 125-1H0.

Gnunn, W. B., TOWNSEND, D. E., GHKHD, L. C, ASHDOWN, M. & MOMOH, M. (1083). Charac-
teristics of methicillin-rcsistant Staphylococcus aureus endemic in Australian hospitals. In
Proceedings of the VMh International Congress of Chemotherapy, Vienna (eds K. II. Spitzy,
K. Karrer), 23-20.

JEVONS, M. P. (1001). 'Celbenin' resistant staphylococci. British Medical Journal 1, 124-125.
KONDO, I., ISIIIKAWA T. & NAKAIIAKA II. (1074). Mercury and cadmium resistances mediated
4 by the penicillinase plasmid in Staphylococcus aureus. Journal of Bacteriology 117, 1-7.
LEWIS, G. P., JUSKO, \V. J., & CAUOIILIN, L. L. (1072). Contribution of cigarette smoking to

cadmium accumulation in man. Lancet i, 201-202.
NAKAHAUA, II., TSHIKAWA T., SAKAI, Y. & KONDO I. (1077). Distribution of resistances to

metals and antibiotics of staphylococcal Rtrains in Japan. Zentralblatl filr Bakleriologic A237,
470-470.

NANDI, M., SLONK, D., JICK, M., SIIAIMUO, S. & LEWIS, G. P. (1000). The cadmium content of
cigarettes. Lancet ii, 1320-30.

https://doi.org/10.1017/S0950268800067819 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268800067819


Antibiotic and metal ion resistance in S. aureus 347
NOVICK, R. P. & ROTH, C. (1968). Plasmid-linked resistance to inorganic salts in Staphylococcus

aureus. Journal of Bacteriology 95, 1335-1342.
NOVICK, R. P., MURPHY, E., GRYCAN, T. J., BARON, E. & EDELMAN, I. (1979). Penicillinase

plasmids of Slaphylococcus aureus: restriction-deletion maps. Plasmid 2, 109-129.
RICHMOND, M. H. & JOHN, M. (1964). Co-transduction by a staphylococcal phage of the genes

responsible for penicillinase synthesis and resistance to mercury salts. Nature 202, 1360.
ROSDAHL, V. T. & ROSENDAL, K. (1980). Resistance to cadmium, arsenato and mercury among

Danish strains of Slaphylococcus aureus isolated from cases of bacteraemia, 1957-74. Journal
of Medical Microbiology 13, 383-391.

SCHROEDER, H. A., BALASSA, J. J. & HOOENCAMP, J. C. (1961). Abnormal trace metals: cad-
mium. Journal of Chronic Diseases 14, 236-258.

SHALITA, Z., MURPHY, E. & NOVICK, R. P. (1980). Penicillinase plasmids of Slaphylococcus
aureus: Structural and evolutionary relationships Plasmid 3, 291-311.

STOKES E. J. & RIDOWAY, G. L. (1980). Clinical Bacteriology, 5th edition. London: Arnold.
TOWNSEND, D. E., ASHDOWN, N, & GRUIW, W. B. (1985). Evolution of Australian isolates of

methicillin-resistant Staphylococcus aureus: a problem of plasmid incompatibility ? Journal of
Medical Microbiology 20, 49-01.

TOWNSEND, D. E., ASHDOWN, N., BOLTON, S., BRADLEY, S., DUCKWORTH, G., MOORHOUSE,
E. C. & GRUBH, W. B. (1987). The international spread of methicillin-resistant Slaphylococcus
aureus. Journal of Hospital Infection 9, 60-71.

https://doi.org/10.1017/S0950268800067819 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268800067819

