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Genes encoding resistance to mercury and to antibiotics are often carried on the same mobile
genetic element and so it is possible that mercury-containing dental materials may select for
bacteria resistant to mercury and to antibiotics. The main aim of this study was to determine
whether the prevalence of Hg-resistant oral bacteria was greater in children with mercury
amalgam fillings than in those without. A secondary aim was to determine whether the
Hg-resistant isolates were also antibiotic resistant. Bacteriain dental plaque and salivafrom 41
children with amalgam fillings and 42 children without such fillings were screened for mercury
resistance by cultivation on a HgCl,-containing medium. Surviving organisms were identified
and their susceptibility to mercury and to several antibiotics was determined. Seventy-eight per
cent and 74% of children in the amalgam group and amalgam-free group, respectively,
harboured Hg-resistant bacteria; this difference was not statistically significant. Nor was there
any significant difference between the groups in terms of the proportions of Hg-resistant
bacteriain the oral microflora of the children. Of Hg-resistant bacteria, 88% and 92% from the
amalgam group and the amalgam-free group, respectively, were streptococci; 41% and 33%
were resistant to at least one antibiotic, most frequently tetracycline. The results of this study
show that there was no significant difference between children with amalgam fillings and those
without such fillings with regard to the prevalence, or the proportion, of Hg-resistant bacteriain
their oral microflora. The study also found that Hg-resistant bacteria were common in children
regardless of whether or not they had amalgam fillings and that many of these organisms were
also resistantto antibiotics.

I ntroduction

For many years, mercury amalgam has been one of the most
widely used materials for the restoration of carious lesions.
The typica filling in a human molar tooth contains c. 750—
1000 mg of mercury and studies have shown that the body
retention of mercury from dental amalgam fillingsisbetween
3and 17ug/day.1 A major concernintheuseof mercury amal-
gams, therefore, has been related to its toxicity towards both
the patient and the dental practitioner.23 A less-considered
side effect of the use of dental amalgamsis the promotion of
mercury resistance in oral bacteria. Mercury is known to be
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released from dental amalgams and a study in Canada has
shown that the level of mercury in plague taken from
amal gam surfacesranged from 0.5t0 1.3 ug/mg dry weight of
plague# A further study by the same authors subsequently
confirmed that oral bacteria such as streptococci and actino-
mycetes were resistant to mercury concentrations of between
5and40mg/L .5

Genes encoding resistance to antimicrobial agents are
oftenlinked genetically and can betransferred together 57 and
there are many reports of antibiotic-resistant bacteria also
being resistant to mercury.®-11 Hence, it is possible that the
constant exposure of oral bacteria to the mercury released
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from amalgam fillings could promote the development and
maintenance of mercury- and antibiotic-resistant bacteriain
the oral cavity. Only a few studies have looked at the
combined prevalence of mercury and antibiotic resistancein
oral bacteria and most of these have been carried out with
primates. Summers et al.1! have demonstrated a relationship
between the presence of amalgam fillings and the occurrence
of mercury- and antibiotic-resistant bacteria in monkeys. In
their longitudinal study they found that placement of amal-
gamfillingsresulted in asignificant increasein theincidence
of Hg-resistant bacteria. The Hg-resistant organismsisolated
included oral streptococci, members of the Enterobacte-
riaceae and enterococci. Most of these Hg-resistant isolates
were also resistant to one or more antibiotics. The study also
reveal ed that, in some of the enterobacterial isolates, determin-
ants for mercury resistance and antibiotic resistance were
carried on the same plasmid and, more importantly, in the
same integron. Only two studies appear to have been pub-
lished concerning the prevalence of antibiotic- and mercury-
resistant bacteria in human subjects,'213 and, of these, only
onehasexamined theoral microflora.l3 Thelatter study found
no associ ation between the presence of mercury amalgam fill-
ingsand the prevalence of Hg-resistant oral bacteria.

The fact that mercury from dental amalgams may be
promoting an increase in antibiotic resistancein oral bacteria
is obviously of concern to dental practitioners, as antibiotics
are used in the treatment of a number of oral infections e.g.
periodontitis and abscesses. Oral bacteria such asthe strep-
tococci are also amajor cause of bacterial endocarditis and
infections in immunocompromised individuals for which
antibiotic therapy is essential.l> Furthermore, the ingress of
thesebacteriainto the gut may resultinthe spread of antibiaotic
resistanceto thenormal gut microflora. Theaimsof thisstudy
were to determine whether the presence of mercury amalgam
results in an increase in the prevalence, or oral load, of
mercury-resistant oral bacteria and to investigate whether
such bacteriaal so exhibit resistanceto antibiotics.

M aterialsand methods

Patient selection and sampling

Healthy children aged between 5 and 16 years attending the
Department of Paediatric Dentistry at the Eastman Dental
Hospital wererecruited. Theseincluded onegroup of children
without amalgam restorations and asecond group of children
who had at | east two tooth surfacesrestored with amalgam. In
each child, the number of tooth surfaces restored with
amalgam was counted. Children with chronic medica
disorders, known viral carriage or who had been treated with
antibioticsduring the preceding 3 monthswere excluded.
Plaguewascollected from around the gingival marginsand
the surfaces of all the teeth using an alginate swab. The swab
was then placed into a sterile bijou bottle containing 4 mL of

Calgon—Ringer’ ssolution (Oxoid Ltd, Basingstoke, UK) and
five glass beads. One millilitre of saliva was collected from
each child by gently dribbling into a sterile universal
container. The samples were taken to the laboratory for pro-
cessing within 30 min of collection.

Sample processing

On arrival inthe laboratory, the swab from each patient was
vortexed for 30 sand then added to the salivasamplefrom the
samepatient and vortexed for afurther 30s. Serial 1in 10dilu-
tions (up to 107") of the sample were then prepared in Trypt-
one Soy broth (Oxoid). Preliminary screening of the samples
for the presence of Hg-resistant microbes was carried out as
follows. Duplicate 100 uL aliquots of the undiluted sample
and of dilutions (1071, 102, 107%) of the sample were spread
over the surfaces of Mueller—Hinton (MH) agar (Oxoid)
containing 40 uM HgCl,. These plates were prepared on the
sameday that the specimen wascollected and werekept out of
direct sunlight before use. Four plateswereused for each dilu-
tion: two were incubated at 37°C anaerobically for 48 h and
two aerobically for 48 h. Duplicate 100 uL aliquots of dilu-
tions (104, 105, 105, 107) of each sample were also inocu-
lated on to Hg-free MH plates and these were also incubated
under aerobic and anaerobic conditionsto determine, respect-
ively, thetotal aerobic and anaerobic viable counts. Anaerobic
incubation was carried out in an anaerobic chamber (Fred
Baker Scientific, Runcorn, UK). Following incubation,
colonies growing on the Hg-containing and Hg-free media
were enumerated. Representative colonies (at least four from
both the aerobically and anaerobically incubated plates) from
the mercury-containing plates were subcultured on to Hg-
containing MH and Hg-free MH plates to obtain pure
cultures. The MIC of mercury for each of the isolates was
determined using an agar dilution technique employing
MH medium containing a range of HQCl, concentrations
(1.0-1024 uM). Mercury-resistant strains of Staphylococcus
aureus NCTC 50581 and Enterococcus faecium 6641H1
(kindly supplied by Professor Anne Summers, University of
Georgia, USA) wereused as positive controls. TheMICsof a
range of antibiotics (penicillin, ampicillin, erythromycin,
vancomycin and tetracycline) for each isolate were then
determined using an agar dilution technique employing
| sosensitest agar containing 5% horse blood. The concentra-
tionsof antibi oticsused were: pencillin, ampicillinand erythro-
mycin, 0.008-8.0 mg/L; vancomycin, 0.0625-16 mg/L;
tetracycline, 0.016-128 mg/L. The MIC of HgCl, for each of
the control Hg-resistant strains under the test conditions
described abovewas 32 uM. Oral isolates able to grow on the
MH agar containing 16 uM HgClI, or greater wereregarded as
being mercury resistant and these were identified to genus
level on the basis of Gram'’ s stain, morphol ogy, atmospheric
requirementsand standard biochemical tests. Thevast mgjority
of mercury-resistant isolates were found to be streptococci
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Table 1. Identity of mercury-resistant bacteriafrom the two patient groups

No. (%) of isolatesfrom children:

Organism

withamalgam fillings

without amalgam fillings

Sreptococcussanguis

S mitis

Soralis
Sreptococcussalivarius
Sreptococcus parasanguis
Sreptococcusvestibularis
Sreptococcusanginosus
Other streptococci

S aureus

Coagul ase-negative staphylococci
Somatococcus sp.
Pseudomonassp.

Total

3(4) 1(2)

7(9) 9(14)
36(48) 17(27)
5(7) 8(13)
2(3) 6(9)
o) 23
13(17) 15(23)
1(1) 1(2)
3(4) 4(6)
4(5) 0(0)
1(1) 0(0)
75 64

and these were further identified to specieslevel on the basis
of their carbohydrate-fermenting profiles.16

Satistical analysis

The outcome measure to be analysed statistically was the
proportion of Hg-resistant microbes in the oral microflora
expressed as a percentage of both the aerobic and anaerobic
counts. Both outcomes were severely positively skewed and
could not be subjected to parametric statistical tests. Initially,
therefore, data were analysed using the non-parametric
Mann-Whitney test using SPSS software!” and checks were
therefore made that the overall shape and distribution of data
from each group did not significantly differ from each other
using the Kolmogorov—Smirnov test. In order to optimize
statistical power (i.e. to increase the likelihood of correctly
identifying a significant result), the alternative approach of
transforming the data into a near-normal distribution and
undertaking multivariate multilevel regression’® was also
implemented using MLWiN software.’® Any differences in
the proportion of Hg-resistant bacteria between the two
groupswasassessed using the 2 test. All statistical testswere
two-tailed, with the 5% level of statistical significance
adopted throughout.

Results

Forty-one children were recruited into the amalgam group;
mean age 10.7 years, S.D. 3.1 (range 6.3-16.8 years). The
minimal number of tooth surfaces restored with amalgam for
each child was two (mean number of surfaces 4.7, range
2-12). A further 42 children without amalgam restorations,

mean age 10.2 years, S.D. 2.9 (range 5.9-16.3 years), were
includedinthe control group.

Bacteria able to grow on MH medium containing 16 uM
HgCl, were considered to be mercury resistant, as the MIC
of HgCl, for the two control mercury-resistant bacteria
(S aureusand E. faecium) was32 uM.

Of those children who had amalgam fillings, 32 (78%)
harboured mercury-resistant bacteria. A similar number (30)
and proportion (71%) of children without amalgam fillings
also harboured bacteria resistant to mercury. There was no
significant difference between the two groupsin terms of the
number of i ndividualsharbouring Hg-resi stant bacteria.

Of the Hg-resistant bacteria isolated, 88% of those
obtai ned from the group with amalgam fillings were strepto-
cocci (Table 1). Streptococci comprised a similar proportion
(92%) of the Hg-resistant bacterial isolates from the group
without amalgam fillings. Of those streptococci that could be
identified to specieslevel, Sreptococcusoraliscomprised the
greatest proportion of Hg-resistant bacteria in both patient
groups. However, Hg-resistant strains of this organism were
isolated more frequently from children with amalgam fillings
than from those without (P < 0.05). No Hg-resistant obligate
anaerobes were isolated and only one Hg-resistant Gram-
negative bacterium (apseudomonad) wasfound.

Table 2 shows the proportions of Hg-resistant bacteria
(expressed as percentages of the total viable aerobic and
anaerobic counts) present in the samples. There wasno signi-
ficant difference between the two groups in terms of the
proportions of Hg-resistant bacteria present in the saliva/
plague samples. This was the case regardless of whether the
proportions were calculated on the basis of the total viable
aerobic count (P = 0.107) or the total viable anaerobic count
(P =0.256).
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Table 2. Proportions of mercury-resistant microbes in the oral microfloraof children with and without amalgam fillings

Proportion of aerobic count (%)

Proportion of anaerobic count (%)

withoutamalgam withamalgam withoutamalgam withamalgam

Range 0-15.00 0-14.88 0-17.32 0-9.28
Median 0.0083 0.085 0.0140 0.0550
Inter-quartilerange 0.2848 0.7978 0.3261 0.7948
Mann-Whitney P value (Kolmogorov—Smirnov P value) 0.101(0.225) 0.218(0.174)

Multivariateregression P val ue? 0.107 0.256

aMultivariate regression in thisinstance uses multilevel modelling to analyse the two outcomes (with respect to the amalgam groups) simultaneously in order to

optimize statistical power.

Table 3. Resistance to antibiotics of mercury-resistant bacterial isolates from children

No. (%) of Hg-resistant i sol ates exhibiting resistance

Antibiotic without amalgamfillings with amalgam fillings
Penicillin 5(8) 5(7)
Ampicillin 0(0) 0(0)
Erythromycin 9(14) 14(19)
Vancomycin 0(0) 1(1)
Tetracycline 11(17) 19(25)

Any antibiotic 21(33) 31(41)

Thirty-one (41%) and 21 (33%) of the Hg-resistant bac-
terial isolatesfrom the group with and without amal gam fill-
ings, respectively, werealsoresistant to at least oneantibiotic;
some of these isolates were resistant to more than one anti-
biotic (Table 3). None of the Hg-resistant bacteria exhibited
resistance to ampicillin and only one (a Pseudomonas sp.)
was resistant to vancomycin. The Hg-resistant bacteria were
most often resistant to tetracycline and, to alesser extent, to
erythromycin. Resistance to penicillin was not encountered
frequently among these bacteria. Table 4 shows that of the
Hg-resistant isolates from children with amalgam fillings, the
majority of isolates that were also resistant to one or more
antibioticswere strains of S. oralis. Thiswas in marked con-
trast with those isolates displaying resistance to both Hg and
an antibiotic from children without amalgam fillings (Table4).
Inthisgroup, the antibiotic-resi stant i sol ates showed agreater
speciesdiversity with no parti cular speciesbeing dominantin
termsof frequency of isolation.

Discussion

Inthisstudy we have compared the preval ence of Hg-resi stant
bacteria in the ora cavity of children with and without
amalgam fillingsand also the proportions of Hg-resistant oral

bacteria in these two groups. There was no significant
difference betweenthegroupsintermsof either the number of
children harbouring Hg-resistant bacteria or the oral load of
such organisms.

Thereare, unfortunately, few studieswith which theresults
of thisinvestigation can be compared directly and, to compli-
cate matters, there are many methodologica differences
between studies. One of the main problemswith regard to the
latter is that there is no internationally accepted criterion
defining what ismeant by ‘mercury resistance’ and a variety
of HgCl, concentrations have been used in mediato differen-
tiate between ‘sensitive’ and ‘ resistant’ strains. Theseinclude
7.4, 8.4, 18.4, 20, 37, 50, 59 and 100 uM 10-1320-26 The only
study in humansthat iscomparableto the present one appears
to be that of Edlund et al.,’® who also found that there was
no significant difference in the proportion of Hg-resistant
bacteriainthesalivaof individua swith and without amalgam
fillings. However, a number of differences in experimental
design between the two studies make direct comparison
difficult. First, the present study used children rather than
adults and four times as many individuals were included in
each group; thisincreases the reliability of the data analysis.
Secondly, the present study involved the processing of saliva
plusdental plagquerather than just saliva: theformer approach
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Table 4. Antibiotic resistance profiles of mercury-resistant bacteria from children with (+Am) and without (-Am)

amalgam fillings

Number of i solates displaying resi stance

tetracycline erythromycin penicillin vancomycin
Hg-resistantisolate +Am —Am +Am —Am +Am —-Am +Am —-Am
S oralis 12 1 9 2 0 1 0 0
S mitis 2 4 1 0 1 0 0 0
S.sanguis 0 0 1 0 0 0 0 0
S parasanguis 0 3 0 2 0 2 0 0
S salivarius 0 0 0 2 0 0 0 0
Other streptococci 4 3 2 2 1 1 0 0
Stomatococcus spp. 0 0 0 0 2 0 0 0
Pseudomonas sp. 0 0 1 0 1 0 1 0
S aureus 1 0 0 0 0 0 0 0
Coagulase-negative staphylococci 0 0 0 0 0 1 0 0

providesamorerepresentative sample of the oral microflora.
Thirdly, in the study by Edlund et al.13 the medium used for
isolation of Hg-resistant bacteria contained blood (unlike the
medium used in the present study), which is known to
neutralize the antibacterial activity of mercury com-
pounds.>2127 Finally, unlike the present study, Edlund et al .13
did not determine the MICs of mercury for the putative Hg-
resistant organisms detected on the primary plates, nor did
they use Hg-resistant organismsas controlsto ensure that the
oral isolatesweretruly Hg resistant. Interestingly, the propor-
tionsof ‘Hg-resistant’ bacteriain the saliva samplesreported
by Edlund et al .13 were extremely high (of the order of c. 50%)
regardless of whether or not the individual had amalgam
fillings. This is in marked contrast with the proportions of
Hg-resistant bacteriafound in the present study, which were
generally <1% of thetotal viable count, rai sing the possibility
that many of the organisms classified as Hg resistant in the
study of Edlund et al.13 were not truly Hg resistant. In the
present study, however, al of the putative Hg-resi stant organ-
isms isolated on the primary plates were retested and desig-
nated as Hg resistant only if their MIC on retesting in pure
culture was identical to, or greater than, that of control,
Hg-resistant, strains of S. aureus and E. faecium. Whilethere
are no other comparable studiesin humans, Summerset al.1t
carried out alongitudinal study of Hg-resistant oral bacteriain
monkeysbeforeand after placement of mercury amalgam fill-
ingsand found that the proportion of Hg-resistant oral strepto-
cocci (i.e. strains with an MIC > 50 uM HgCl,) increased
following amal gaminstallation.

A few studies have also reported on the effect of amalgam
fillings on mercury resistance in the intestinal microflora,
although the results are conflicting. Osterblad et al.12 found
that there was no difference between individuals with and

without amalgam fillings with respect to the proportion of
Hg-resistant Gram-negative aerobic bacilli, whereas Wire-
man et al .1 reported that installation of amalgam fillingsin
monkeys increased the number of faecal bacteria (including
aerobic Gram-negative bacilli) resistant to mercury. Edlund
et al.13 found a significant increase in the proportion of Hg-
resistant Bacteroides spp. (but not in the proportion of
Hg-resistant Escherichia coli or enterococci) inthe intestinal
microflora of adults with amalgam fillings compared with
those without.

In the present study the majority of Hg-resistant bacteria
isolated from both subject groupswere streptococci. Further-
more, in the case of the amalgam group, most of these were
S oralis. Eveninthe amalgam-free group, S. oraliscomprised
a high proportion of the Hg-resistant isolates. S. oralis,
together with Streptococcus mitis, are common members of
themicrofloraof severa oral habitatsincluding supragingival
plague, saliva and mucosal surfaces.® Unfortunately, very
little is known concerning the susceptibility of oral strepto-
cocci (or, indeed, any oral bacteria) to mercury. In astudy of
the susceptibility of oral streptococci and Actinomyces spp. to
mercuric chloride, Lyttle & Bowden® found that the former
were more resistant to mercury than the latter. All 10 of the
streptococci tested were ableto grow in amedium containing
5mg/L (18.4 uM) HgCl, but only eight and five strainswere
able to grow at 36.8 and 110.4 uM HgCl,, respectively.
Surprisingly, in the present study, no Hg-resistant species
from other genera encountered frequently in the oral micro-
flora of children were isolated. Although the MH medium
used for isolation of Hg-resistant organisms was not supple-
mented with blood (because of its neutralizing effect on the
HgCl,) it is able to support the growth of the predominant
organisms present in plague and saliva, i.e. Sreptococcus
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spp., Actinomyces spp., Haemophilus spp. and Veillondlla
Spp.2829

Many of the Hg-resistant isolates (41% and 33%, respect-
ively, in the amal gam-containing and amalgam-free groups)
were also resistant to one or more antibiotics. While no
similar study on human subjects has been carried out,
Summerset al.,**inananalysis of antibiotic resistancein Hg-
resistant oral streptococci from monkeys, also found that a
high proportion (59%) was resistant to one or more anti-
biotics; resistance to streptomycin was encountered most
frequently. In both groups of children in the present study,
resistance to tetracycline and erythromycin was encountered
most frequently. Resistance to these two antibiotics appears
to becommon, and occursat high frequencies, in oral strepto-
cocci. For example, loannidou et al .3 reported that 38.5% and
23% of 200 oral viridans group streptococci isolated from the
oropharynx of hedthy children were resistant to erythro-
mycin and tetracycline, respectively. Resistance to tetra-
cycline and erythromycin was found to be common among
viridansgroup streptococci responsible for avariety of infec-
tionsinasurvey carried out by Teng et al .3t Of the 207 isol ates
tested, 53% were resistant to tetracycline while 40% were
resistant to erythromycin. A number of other studieshavere-
ported similar high frequencies of resistanceto erythromycin
(38-53.3%),32-3 and to tetracycline (12—41%);32%inviridans
group streptococci isolated from patients with serious infec-
tions. Of particul ar interest, and concern, wasthe finding that
most of the Hg- and antibiotic-resistant isolates from the
amalgam group wereidentified asbeing strains of S. oralis, a
bacteriumthatisvery closely related to Sreptococcus pneumo-
niae, with which it shares over 99% sequence homology.3¢
This bacterium, as well as being associated with bacterial
endocarditis, has been shown to be the causative agent of a
variety of infections in immunocompromised patients (par-
ticularly neutropenic patients and individuals undergoing
transplants) and so may be regarded as a significant human
pathogen.16:37-39 | n keeping with theresults of thisstudy, other
investigations have shown that this bacterium is frequently
resistant to tetracycline and erythromycin. Hence, Teng et
al.%! found that 60% of 40 isolates were resistant to tetra-
cyclinewhile 55% were resistant to erythromycin. Wispling-
hoff et al .0 found that 26% of 19 strains of S oralisisolated
from blood samples from neutropenic patients were resi stant
totetracycline.

The results of this study have shown that there was no
statistically significant difference in the prevalence, or the
proportion, of Hg-resistant bacteriain the oral microflora of
children with and without amalgam fillings. Surprisingly,
mercury-resistant oral bacteriawereisolated frequently from
children regardless of their exposureto amalgam fillings and
many of these bacteria were found to be resistant to anti-
biotics, principally tetracycline and erythromycin. We are

currently undertaking studies to investigate the nature of the
genes encoding Hg resistance and antibiotic resistance in
thesebacteriaand possiblelinkage between them.
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