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Objective: The objective with this study was to determine and follow antimicrobial resistance in faecal
bacteria over time in hospital wastewater pipe sediment. A further aim was to determine bacterial growth
rates of sensitive, intermediate and resistant intestinal enterococci in different ciprofloxacin concentrations as
a measure of bacterial fitness.

Methods: A system enabling the collection of settled particles over time was installed at Kalmar County
Hospital. Samples were collected bi-monthly for a 14-month period. Coliform bacteria and enterococci were
isolated from the sediment with standard methods and investigated for resistance to ciprofloxacin (CIP),
imipenem (IMI), trimetroprim-sulfamethoxazole (TS), ampicillin (AMP) and vancomycin (VAN) by the disc
diffusion method. Resistant isolates were further typed with the PhenePlateTM system. Growth assessments
were performed with an automated spectrophotometer.

Results: The rate of intestinal enterococci resistance was <0.6, 1.3, 1.9 and 13% to VAN, IMI, AMP and CIP
respectively. Coliform resistance frequencies were 1.1, 2.2 and 2.2% to CIP, IMI and TS respectively. At two
sampling occasions, significantly higher rates of ciprofloxacin resistant enterococci were found and the
establishment of a resistant clone in the sewer was indicated by the PhP-analysis. Ciprofloxacin resistant
intestinal enterococci had a significantly longer lag-phase time than sensitive isolates, but from 500 pug ml ="
(half MIC) resistant isolates had a competitive advantage in terms of significantly faster generation time.
Discussion: Despite high concentration of antimicrobials in the sediment, resistance frequencies were
generally low. This can depend on limited growth possibilities for faecal bacteria. However, the establishment
of a resistant clone shows that hospital sewers can serve as a reservoir for antibiotic resistant bacteria.
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CCACTION

fter ingestion, oral antimicrobials are excreted

mainly into wastewater. Some are excreted com-

pletely unchanged, whereas others are more or
less modified by chelate bindings, degradation or inacti-
vation by metabolic systems inside or outside the host (1).
Antimicrobial excretion in combination with high micro-
bial biomass and an abundance of nutrients makes
wastewater a potential habitat for horizontal gene
transfer and selection of antimicrobial resistant bacteria.
Although due to dilution in wastewater, concentrations

of antimicrobials in general are too low to inhibit growth,
susceptible bacteria can be affected, leading to selection
of resistant bacteria (2, 3). Some studies have detected an
increase in resistance in wastewater, for example over
treatment (4-7), while others have detected a decrease
(2, 5, 8, 9). However, sewage pipes also contain settled
particles. This sediment of settled particles forms a
dynamic ecosystem in which hydrophobic chemical sub-
stances are enriched. In a study by Petersen et al. (10),
antimicrobial resistance increased in Acinetobacter and
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enterococci in the sediment-water interface in integrated
fish farm ponds receiving poultry and pig manure as a
fertiliser. The manure originated from livestock routinely
fed antimicrobials as growth promoters. The increase in
resistance was explained by either the introduction of
resistant bacteria or the selective pressure of antimicro-
bials in the pond environment. In another fish farm
study, oxytetracycline resistance initially increased in
sediment bacteria before declining again between 33
and 73 days after the end of antimicrobial treatment
(11). If the sediment is constantly exposed to antibiotics,
like for example in hospital wastewater systems, the risk
of resistance development is likely to increase since
enrichment of antimicrobials in sewer sediments can
form microniches for a selective pressure on bacterial
populations. A study of the degradation and genotoxicity
of antimicrobials showed that none of the compounds
tested (ciprofloxacin, ofloxacin and metronidazole) were
biodegraded (3). Hospital sewers may thus act as an environ-
mental reservoir for antibiotic resistant bacteria (12, 13).

Therefore a system was developed to enable studies of
the dynamics of resistance development and antimicro-
bial concentrations in hospital wastewater (Fig. 1). The
specific aim of the reported study was to determine
resistance of faecal indicator bacteria to some of
the commonly used antimicrobials at the hospital and
to follow resistance development over a period of 60
weeks. A further study determined the generation and
lag-phase times of bacterial isolates classified as resistant,
sensitive and intermediate.

Materials and methods

In the main sewage pipe from a newly established section
of Kalmar County Hospital, containing 127 beds (72
general and urology surgery, 33 gynaecology and 22
paediatric), a device that allowed chemical and micro-
biological sampling of biofilms and trapped sediment
from wastewater at chosen intervals was installed in a
4-m deep manhole (14). Wastewater was pumped from a

sump placed laterally to the main pipe to a test tank,
where the content of solids settled into sampling tubes
(Fig. 1). Water supply data was continuously monitored
and the amount of antibiotics used at each ward
registered by the hospital pharmacy. Results from these
studies have been published by Jarnheimer et al. (14).

Sampling and isolation of bacteria

Bi-monthly sampling was carried out over a 14-month
period. Three tubes were collected and transported to the
laboratory. Ten grams settled sediment was mixed with 90
ml phosphate buffered saline (PBS) 0.5% Tween 80 in a
Stomacher as described by Léngmark et al. (15). The
extract was serially diluted and colonies of intestinal
enterococci and coliform bacteria were isolated by
standard methods (16, 17). Briefly, 0.1 ml from a suitable
dilution was spread onto m-Endo agar, LES (Difco;
Becton, Dickinson and Company; Franklin Lakes, New
Jersey) and incubated for 2143 h at 35°C. Typical
metallic colonies were further tested for oxidase produc-
tion and oxidase negative colonies confirmed as being
coliform bacteria. To isolate intestinal enterococci, 0.1 ml
was spread onto m-Enterococcus agar (Difco) and
incubated for 44 +4 h at 35 °C. Typical dark red colonies
were verified as intestinal enterococci by their ability to
ferment esculine at 44 °C.

Antimicrobial resistance determination

Twelve to fifty-eight colonies from every sampling date
were tested for resistance by the disc diffusion method on
paper disc media (PDM) agar (AB Biodisk; Solna,
Sweden) following the recommendations of the Swedish
Reference Group for Antibiotics (18). The coliform
bacteria were tested for resistance to ciprofloxacin (CIP),
imipenem (IMI), and trimetroprim-sulphamethoxasol
(TS). Intestinal enterococci were tested for resistance to
CIP, ampicillin (AMP), vancomycin (VAN) and IMI. The
following disc concentrations were used: CIP, 5 ug; AMP,
10 pug; VAN, 5 ug; IMI, 10 pg and TS, 25 (23.2+1.8) pg.

Fig. 1. Sampling arrangement in a sewage line at Kalmar county hospital. The sampling equipment was installed in a manhole.
Wastewater was pumped from a sump placed with the bottom lower than the main furrow in the manhole to ensure the continuous
presence of water in the sump. In the tank, settled particles were collected in tubes.
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Table 1. Breakpoints for sensitive (S), intermediate (I) and resistant (R) categorisation by the paper disc method and minimum
inhibitory concentration (MIC) breakpoints for resistance categorisation by the spread plate method

Zone diameter breakpoints (mm) MIC breakpoints (mg |~ agar)
Antimicrobial Paper disc concentration (ug) Coliforms Enterococci Coliforms Enterococci
Ampicillin 10 - 20/16 - 8
Imipenem 10 23/16 20/16 8 8
Vancomycin 5 - 11/9 - 4
Ciprofloxacin 5 24117 32/12 1 2
Trimetroprim—-Sulphamethoxasol 25 17/13 - 32 -

Zone breakpoints 23/16, i.e. clear zone with a diameter: S>23 mm, R <16 mm and 16 <l <23. MIC breakpoint 8: R can grow in

antimicrobial concentration >8 mg 1~ (18).

Inhibition zone diameters were measured after 24+3 h
incubation at 37 °C and isolates classified according to the
respective breakpoints as shown in Table 1.

In parallel, the frequency of resistant presumptive
enterococci and coliform bacteria was assessed by plating
sediment samples on selective media, with and without
antimicrobials in concentrations corresponding to the
MIC of the respective organism (Table 1), as described
above. The resistance frequency was expressed as the
ratio of CFU ml~! on agar with antimicrobials to
CFU ml ' on agar without antimicrobials.

Typing of resistant isolates

Intestinal enterococci isolates that were classified as
resistant with the disc diffusion method were typed using
the PhenePlate™ PhP-RF system (PhPlate; Stockholm,
Sweden) (19). Resistant coliform bacteria were typed with
PhenePlate™ PhP-RS system (PhPlate) (20). These
systems give each isolate a biochemical fingerprint based
on the fermentation kinetics of 11 carbohydrates. Isolates

were given an identity by comparing the PhP profile with
reference strains ran at the same time.

Growth assessment

Nine intestinal enterococci isolates, three each from the
groups CIP resistant (R), CIP intermediate (I) and CIP
sensitive (S) were chosen for growth assessments. Using
an automated spectrophotometer, Bioscreen C (Lab
Systems; Helsinki, Finland), the lag-phase and genera-
tion time during the log-phase at 37 °C were measured in
Luria Bertoni broth (Difco) at OD 600 nm (21). The
generation times were calculated in relation to a standard
curve validated with plate count.

Data analysis

The Simpson’s diversity index between resistant isolates
was calculated with the PhP system’s software and
similarities were illustrated with a dendrogram produced
by the same software (PhPlate). Statistical analyses were
performed in SigmaStat 3.0 (SPSS Inc.; Chicago, Illinois)

Table 2. Resistant coliform bacterial isolates (/total isolates) by the disc diffusion method on PDM agar and percentage resistant
coliform bacteria as determined by the ratio CFU ml~! on LES endoagar with and without antimicrobials (%) in concentrations

corresponding to Table 1

Ciprofloxacin Imipenem Trimetroprim—Sulphamethoxazole
Antimicrobial Medium PDM LES PDM LES PDM LES
Sampling date
13 December 2000 0/44 1.4 0/44 <0.1 0/44 0.7
15 February 2001 2/43 <0.1 1/43 <0.1 0/43 0.2
17 April 2001 0/58 1.1 3/58 <0.1 0/58 3.4
07 June 2001 0/16 ND 0/16 ND 0/16 ND
30 August 2001 0/46 ND 0/46 ND 0/46 ND
24 October 2001 0/34 <0.1 1/29 <0.1 1/29 5.4
24 January 2002 1/37 <0.1 1/37 0.1 5/37 3.8

3/273 6/273 6/273
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Table 3. Resistant intestinal enterococci isolates (/total isolates) by the disc diffusion method on PDM agar and percentage resistant
enterococci as determined by the ratio CFU ml~ ! on ES agar with and without antimicrobials (%) in concentrations corresponding to

Table 1
Ciprofloxacin Imipenem Ampicillin Vancomycin

Antimicrobial Medium PDM ES PDM ES PDM ES PDM ES
Sampling date
13 December 2000 2/12 0.2 2/12 0.2 2/12 0.1 2/12 <0.1
15 February 2001 0/24 3.5% 0/24 <0.1 0/24 <0.1 0/24 <0.1
17 April 2001 2/24 4.0% 0/24 1.0 1/24 <0.1 0/24 <0.1
07 June 2001 0/20 ND 0/20 ND 0/20 ND 0/20 ND
30 August 2001 9/242 ND 0/24 ND 0/20 ND 0/20 ND
24 October 2001 8/30% 0.4 0/30 0.3 0/30 <0.1 0/30 <0.1
24 January 2002 0/24 <0.1 0/24 <0.1 0/24 <0.1 0/24 <0.1

21/158 2/158 3/158 0/158

3P <0.05).

using the z-test for frequencies and ANOVA, all pairwise
multiple comparison procedures (Holm-Sidak method).

Results

With the disc diffusion method, nine resistant coliform
isolates out of 273 tested were resistant and the fre-
quencies were 1.1, 2.2 and 2.2% to CIP, IMI and TS
respectively (Table 2). None of the isolates were resistant
to two or more substances. The five TS resistant isolates
from January 2002 were of the same phenotype, but
no close relationship between isolates could otherwise
be verified by the PhP-typing (Simpson’s diversity

index =0.972; data not shown). The screening method
gave resistance frequencies from <0.1 to 5.4% (Table 2).

Results from the disc diffusion method on intestinal
enterococci are presented in Table 3. No VAN resistant
enterococci were detected (N =158). The highest fre-
quency measured was to CIP with 21 of 158 (13%)
isolates being resistant. On two sampling occasions (30
August, 10 October 2001) significantly higher frequencies
of resistant isolates were found (P <0.05). Also with the
screening method significantly higher CIP resistance
frequencies were detected at two occasions (P <0.05),
however at different sample dates (Table 3).

Samples: 20 Co-phenetic corr: 0,906 Di: 0,942 (True Di: 0,947)
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Fig. 2. Dendrogram from PhP-typing of ciprofloxacin-resistant faecal enterococci at sample dates.
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£ 2 = - Phenotyping of CIP resistant isolates with the PhP
% .g El Y system for enterococci (19) produced a diversity index of
s ~| 523 0.947 (Fig. 2). However, two clusters could be identified.
2 £ ?E g
£ L24= One of these contained isolates from the same sampling
% 2 o occasion whereas the other cluster contained isolates from
g § £ © three different samplings, April, Aug and Oct (Fig. 2).
S S| 5|9 Three intestinal enterococci isolates each from the

= U
E 5 E N CIP resistance classes R, I and S (based on clear zone
2 FD: © diameter, Table 1) were further assessed for growth in
< . . .. . .
o different CIP concentrations. Sensitive isolates had sig-
§ o = . nificantly shorter lag-phase in medium without antibio-
2 SEI2R? tics and up to CIP concentration 1000 pg 1~ In 500 pg
-4 S = | + +H +H 1 .
o . g, 218258 17" S grew significantly slower (P <0.01) than R and I
=] [ B B respectively. At 1000 pg 1~ ' R had the fastest growth rate
% 2 o and at 4000 pg 1~ ' only resistant isolates could grow
9 =
= g | E g (Table 4).
= o = Q
= S | = g
g - -
o o —
& 5 E| A+ +H Di .
” 3 |egw IScussion
g g S Enterococci and coliform bacteria are commonly assessed
2 for various water quality analysis and both groups include
3 o = © 2 important opportunistic pathogens (22, 23). Resistance to
§ % E El 'J\r" % the antimicrobials tested among enterococci and coliform
g . g, 2132278 bacteria was low and no evidence of resistance develop-
L T 2E T ment was detected. Resistance against the tested anti-
g 2| o microbial substances varied between 1.1 and 2.2% of the
8 g | E % 8 o coliform isolates (N =273) (Table 2). The same figures for

[sp) . .
E 0 §T| oo enterococci varied from less than 0.6 (VAN) to 13% (CIP)
E g Eld SLv_‘ 4 (Table 3). These frequencies are lower than what many
é S SRR other studies have reported. Enterococci faecalis and E.
-;: © faecicum isolated in Portuguese wastewater had a resis-
S 2 = o tance rate of 23 and 33% against CIP respectively and a
= -« . . "
£ SEITYS selection for resistance over treatment was confirmed (7).
8 g N85 From Polish wastewater, Luczkiewicz et al. (24) reported
= T =7 ] 29% CIP, 3.2% VAN, 7% AMP. On the other hand no
E 2 4 g,;\ g ‘g‘, carbapenem (IMI and Meropenem) resistant E. coli were
E) =] £ - g o 3 o found (N =153) but TS resistance was 11% compared to
= "1 52|99 N a N 2.2% in the present study.
3 BE| o< o oo Quinolones are not normally used for treating infec-
e [} o o o 2 s 2 . . . .
S 5 © S ¥ - :,:, - tions caused by enterococci due to their low affinity to
[0] [0] . .
-‘é © % % % enterococcal gyrase. Enterococci are resistant to many
g 2 = o 2 2o antimicrobials and have the ability to require new
2} T ©
+ ESE| Qo c« £ resistance traits (25). In the present study intestinal
Z S|+ +HH 5 ©%
8 3 2185 5 5 5 enterococci were used as model organisms to study
§ i 3= g g’ g bacterial growth rate in different antibiotic concentra-
Q —_ . = L = = . A
2 o o= tions. These growth assessments showed that CIP resis-
2| Z252: These e, nts showed that
fm 5’1 £ o c\:/' p C\>/' T e tance in intestinal enterococci is associated with a fitness
= S| T 0| o g o ;ctf g cost in terms of a significantly longer lag-phase in sub-
T~ g £ 3 2 g e g2 MIC concentrations. However at 500 pg 1~ ! equal to
=L S R ; = g "af) half the reported MIC value of 1 mg 1~ " (18), sensitive
% i:e’f © g 5 % 55 isolates had a significantly slower growth rate than
5z g SG5 060 resistant and intermediate isolates (Table 4).
> . .

S .% S _ % % % % E =§ In the hospital wastewater pipes where the present
¥ £ é S8 2| S35 %%3 study took place, the highest CIP concentration mea-
= § o § 2 qg, 2| §8 8 g g sured was 100 pg 1~ " in the water phase (26). However, in
S Solaced| 2PPPP the sediment phase, from which the bacteria were actually
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isolated, the CIP concentration was 151.4 pg g~ ' (~150
mg 17 ") (14). Why a consistent development of increased
resistance could not be demonstrated despite these high
concentrations of ciprofloxacin present may have several
reasons: (1) Reduced antimicrobial effect due to CIP
binding strongly to particulate matter (1); (2) bacteria
associated with biofilm being less susceptible to anti-
microbials (27); or (3) limited growth possibilities for
faecal bacteria within the studied system. The importance
of bacterial multiplication in the selection for resistant
bacteria has been shown, for example for oxytetracycline
resistance (28). It would appear that the growth possibi-
lities for faecal bacteria were not as good in this system
as has been shown in other wastewater installations
and sediments (29, 30). The Acinetobacter spp. used by
Guardabassi et al. (31-33), might have been a better
target bacterium for the purposes of this study. However,
most bacteria of clinical importance transmitted via
wastewater are gastrointestinal pathogens. Therefore
faecal indicators were considered to be the most suitable
organisms to study.

Twice, higher frequencies of CIP resistant enterococci
were isolated. This sudden rise may be explained by the
large temporal variation of antimicrobial concentrations
in the studied system (26), reflecting daily activities.
Though sludge should provide a more continuous
environment than water, it cannot be excluded that
isolates emanated from a single patient. However, evi-
dence for establishment of a CIP resistant clone of
Enterococcus faecium was obtained. Isolates from this
clone were detected on sampling occasions from April—
October 2001. Similarly, a VAN resistant Enterococcus
faecalis strain was isolated on several occasions from
Swedish sewage, indicating persistence in the system or
leakage from a reservoir, e.g. a hospital (12). Further
the finding of a clone of TS resistant E. coli in one
sample can be interpreted as an indication that growth
of resistant bacteria may have taken place within the
system.

The rate of antimicrobial resistance in the studied
system was lower compared to what has been reported
in several other European studies (7, 34, 35), reflecting the
general lower use and resistance to antimicrobials in the
Swedish society compared to these countries (36). Further
investigations quantified genes mediating resistance to
aminoglycosides, B-lactams and tetracyclines from DNA
extracted from the sediment in the studied system. A
higher concentration of all genes was found in the hospital
sewer compared to other studied environments (soil and
municipal wastewater) (37), indicating the hospitals role
as a resistome within the human society. Disinfection of
hospital wastewater, e.g. ozonation, could be considered
as a means to limit the further transmission of resistant
bacteria and active antimicrobials (38) in the environment.
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