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Introduction

Abstract

Aims: To detect ESBL (extended-spectrum [-lactamase)-producing Klebsiella
pneumoniae present in the effluents and sludge of a hospital sewage treatment
plant, evaluating the treatment plant’s potential to remove these micro-
organisms.

Methods and Results: Twenty samples (crude sewage, UASB reactor effluent,
filtered effluent and sludge) were collected in the period from May to Decem-
ber 2006, in order to analyse antimicrobial susceptibility and to check ESBL
production, the disc-diffusion and the combined disc methods were used. Total
and faecal coliform concentrations were also determined. ESBL-producing
K. pneumoniae were detected in all samples analysed, representing 46:5% of the
total strains isolated. Among the non-ESBL-producing strains, 26% were
multiresistant and one strain resistant to eight of the nine antimicrobials tested
was detected in the treated effluent.

Conclusions: The hospital wastewater treatment plant did not show a satisfac-
tory efficacy in removing pathogenic micro-organisms, allowing for the dissem-
ination of multiresistant bacteria into the environment.

Significance and Impact of the Study: The inefficacy of hospital wastewater
treatment plants can result in routes of dissemination of multiresistant bacteria
and their genes of resistance into the environment, thus contaminating water
resources, and having serious negative impact on public health.

sewage (Reinthaler et al. 2003; Schwartz et al. 2003), sew-
age sludge (Guillaume et al. 2000; Reinthaler et al. 2003)

Wastewaters coming from health care institutions may
contain several toxic substances and pathogenic micro-
organisms, including radioisotopes, hormones, drugs,
heavy metals and antimicrobial-resistant bacteria (Kum-
merer 2001; Reinthaler et al. 2003). Failure to treat
these effluents and the lack of basic sanitation services
may contribute to the establishment of routes of dis-
semination of these micro-organisms and of their resis-
tance genes into the environment (Meirelles-Pereira
et al. 2002).

Many resistant bacteria and resistance genes have been
detected in environmental samples, such as domestic sew-
age (Heuer ef al. 2002; Tennstedt et al. 2003), hospital

coastal ponds (Meirelles-Pereira et al. 2002), underground
waters (Gallert et al. 2005) and sewage-contaminated river
waters (Costanzo et al. 2005).

The occurrence of strongly selective environments, such
as hospitals, where large quantities of these drugs are used
to prevent and treat infections, leads to an increase of
multiresistant bacteria frequency that are released in hos-
pital sewage (Meirelles-Pereira et al. 2002). Although
many resistant bacteria have been isolated from environ-
mental samples, there are only limited studies that have
addressed the detection of extended-spectrum B-lactamase
(ESBL)-producing bacteria from these types of samples
(Mesa et al. 2006).

© 2007 The Authors

136 Journal compilation © 2007 The Society for Applied Microbiology, Letters in Applied Microbiology 46 (2008) 136-141



T. Prado et al.

The emergence of multiresistance in the Enterobacteria-
ceae family, especially in Klebsiella pneumoniae, is a ques-
tion that needs attention, because these are important
causative agents of hospital infections, typically associated
with pneumonias, blood stream infections, urinary tract
infections, bacteremia and other intra-abdominal infec-
tions (Kotapati et al. 2005; Lopes et al. 2005; Grover et al.
2006; Sun et al. 2006). Additionally, studies have demon-
strated the ESBL-producing bacteria are isolated with
increasing frequency in many parts of the world (Pefia
et al. 1997; Araque et al. 2000; Seid and Asrat 2005; Gro-
ver et al. 2006; Kolar et al. 2006; Lee et al. 2006; Paterson
2006; Yu et al. 2006).

The aim of this study was to detect ESBL-producing
K. pneumoniae in samples from the effluents and sludge of
a hospital sewage treatment plant. Total and faecal
coliforms were also determined in order to evaluate the
efficiency of the plant in removing these micro-organisms.

Materials and methods

Characterization of the sewage treatment plant and
sampling

The sewage treatment plant services a hospital located in
the metropolitan area of the city of Rio de Janeiro (R]),
Brazil.

The treated sewage comes from the hospital’s units,
including laboratories, rehabilitation, dialysis, hospitaliza-
tion, and surgery units, clinics, laundry and the cafeteria.
The hospital serves an average of 2000 patients on a
monthly basis, and has 800 employees working on a daily
basis.

The hospital sewage treatment plant uses an anaerobic
process (upflow anaerobic sludge blanket — UASB reac-
tor), with a hydraulic retention time of 8 h, followed by
post-treatment by three anaerobic filters arranged in a
series, with a fill support made of crushed stone number
four, with a hydraulic retention time of 4 h. In the pre-
treatment stage, the plant has a screen for the removal of
gross solids. Mean influent flow measured is 2:54 157",

During the study, 20 sewage and sludge samples were
collected in the period from May to December 2006. Five
samples (500 ml) were collected on each day from the
following: (i) influent (crude sewage); (ii) UASB reactor
effluent; (iii) final filtered effluent; (iv) sludge taken from
the UASB. All samples were transported to the laboratory
refrigerated for immediate analysis.

Determination of environmental parameters

The physicochemical and microbiological parameters eval-
uated were pH, BODs (biochemical oxygen demand over
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5 days), COD (chemical oxygen demand), as well as total
and faecal coliforms. The methodology used to assess the
physicochemical parameters was consistent with the meth-
ods described in the Standard Methods for Examination of
Water and Wastewater (APHA 1998). Samples were analy-
sed for fecal coliforms according to the five-tube Most
Probable Number (MPN) method (APHA 1998).

Isolation and Identification of Klebsiella pneumoniae

A volume of 10 ul from each sample and 10 ul of the fol-
lowing serial dilutions (107", 107> and 107°) in saline was
inoculated onto the culture media. The culture media used
were tergitol- 7 (Oxoid, Basingstoke, Hampshire, England)
agar with TTC (0-05% triphenyltetrazolium chloride), and
EMB (eosin methylene blue agar) (Oxoid). After inocula-
tion, the plates were incubated at 37°C for 24 h.

The mucoids and smooth colonies suggesting K. pneu-
moniae strains were inoculated onto the screening media
for biochemistry identification: TSI (triple sugar iron),
SIM (sulfate/indole/motility) and citrate agar, and incu-
bated at 37°C for 24 h. Further biochemical testing to
identify the species was performed as per the guidelines in
the Manual of Clinical Microbiology (Murray et al. 2003).

Antimicrobial susceptibility tests

The K. pneumoniae strains isolated were submitted to
antimicrobial susceptibility testing according to the rec-
ommendations of the Clinical and Laboratory Standards
Institute (CLSI 2007). The turbidity of the suspensions
used for sensitivity testing was adjusted to 0-5 McFarland
standard and inoculated onto Mueller-Hinton agar med-
ium. The following antimicrobial discs (Oxoid) were
used: ceftriaxone (CRO) (30 pg), ceftazidime (CAZ)
(30 ug), cefepime (FEP) (30 ug), gentamicin (GEN)
(10 pg), amikacin (AK) (30 pg), ciprofloxacin (CIP)
(5 pg), chloramphenicol (C) (30 pug), trimethoprime/sul-
famethoxazole (SXT) (1-25/2375 pug) and tetracycline
(TE) (30 ug). For quality control, the ATCC standard
strains Escherichia coli (ATCC 25922), Pseudomonas aeru-
ginosa (ATCC 27953) and Staphylococcus aureus (ATCC
25923) were used.

Isolates that exhibited a zone of inhibition of growth
for ceftazidime and ceftriaxone <22 mm and 25 mm,
respectively, were submitted to the combined disc test in
order to check for ESBL-producing strains.

ESBL detection

The combined disc methodology used to detect ESBL-
producing K. pneumoniae was performed in agreement
with the recommendations of the CLSI (2007). The
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Table 1 Mean physicochemical and microbiological parameters obtained on each sampling points from the sewage treatment plant

Parameters Influent medium/SD UASB effluent medium/SD Filtered effluent medium/SD
pH 6-:9/0-11 6:9/0:13 6:6/0:47

BODs (mg () 296/12:6 10:8/4-5 4-6/4'5

COD (mg () 161-4/42-7 67:7/14:5 27-7/16

112 x 108/7:1 x 10"
2% 107/9-8 x 108

Total coliforms (MPN 100 mI~")
Faecal coliforms (MPN 100 mI~")

2:8 x 10%/7:9 x 10°
35 % 10°/2:1 x 10°

2:3 x 108/82 x 108
63 x 10%/1 x 107

BOD, biochemical oxygen demand; COD, chemical oxygen demand; SD, standard deviation; MPN, most probable number; UASB, upflow anaero-

bic sludge blanket.

antimicrobials (Oxoid) used were: cefotaxime (30 pg) and
cefotaxime (30 ug) plus clavulanic acid (10 ug), and ceft-
azidime (30 pg) and ceftazidime (30 ug) plus clavulanic
acid (10 ug). For quality control, the standard K. pneu-
moniae strain (ATCC 700603) was used.

Results were interpreted according to the criteria estab-
lished by the CLSI (2007). A 5 mm increase in a zone of
inhibition of growth for cefotaxime plus clavulanic acid
as compared with the zone around the cefotaxime disc,
and a 5 mm increase in the zone diameter for ceftazidime
plus clavulanic acid as compared with the zone formed
by the ceftazidime disc, were confirmatory for the result
of ESBL-producing strains.

Results

Environmental parameters

The results from the physicochemical parameters (pH,
BODs and COD) can be found in Table 1. The pH values
were within the expected range for values found in waste-
water treatment plants that use an anaerobic process, and
the BODs and COD values were below the values com-
monly found in domestic sewage effluents. High concen-
trations of total coliforms were detected in the influent:
112 x 10° £ 71 x 10'° MPN 100 ml™', and 2x 10" +
9-8 x 10 MPN 100 ml™" for faecal coliforms. The plant
did not show a good efficacy in removing the coliforms,
and  high  micro-organism  concentrations  were
detected in the UASB reactor effluent, with
23 % 10° + 82 x 10° MPN 100 mI™" of total coliforms
and 63 x 10° + 1 x 10 MPN 100 ml™" of faecal coli-
forms. Even after treatment by the anaerobic filters, high
concentrations of these micro-organisms were detected in
the treated effluent, with 2:8 x 10° + 79 x
10° MPN 100 ml™" of total coliforms and 35 x 10°
2:1 x 10° MPN 100 ml™! of faecal coliforms (Table 1).

Antimicrobial susceptibility tests

A total of 43 strains of K. pneumoniae were isolated from
the effluents and the sludge of a sewage treatment

Table 2 Frequency (%) of extended-spectrum p-lactamase (ESBL)-
producing Klebsiella pneumoniae isolates from the different stages of
the hospital sewage treatment plant

Site (n = number of
bacterial isolates)

ESBL-positive
isolates n (%)

ESBL-negative
isolates n (%)

Influent (n = 15) 8 (53:3) 7 (467)
Sludge (n = 6) 3 (50:0) 3 (50)

UASB effluent (n = 16) 7 (437) 9 (56-3)
Filtered effluent (n = 6) 2 (333) 4 (667)
Total (n = 43) 20 (46'5) 23 (53'5)

UASB, upflow anaerobic sludge blanket.

process. ESBL-producing strains (20/43) were found in
all the samples analysed (Table 2).

The ESBL-producing strains isolated also showed resis-
tance to other antimicrobials: 70% were resistant to gen-
tamicin, 35% to trimethoprime/sulfamethoxazole and
tetracycline, 15% to amikacin and 10% to ciprofloxacin
and chloramphenicol (Table 3). The 23 ESBL-negative
strains showed less resistance to the antimicrobials tested,
with 21-7% resistant to gentamicin, 17-3% to ceftriaxone
and to trimethoprime/sulfamethoxazole, 13% to tetracy-
cline and 86% to amikacin. The majority of the strains
(95:7%) were susceptible to ceftazidime, cefepime, cipro-
floxacin and chloramphenicol (Table 3).

Strains that expressed a phenotype of resistance to two
or more classes of antimicrobials were regarded as multi-
resistant. In this way, all ESBL-producing strains were
also considered multiresistant. Among the non-ESBL-pro-
ducing strains, six (26%) demonstrated multiresistance
(Table 3).

Multiresistant strains were detected in all the sewage
samples analysed, and one strain, isolated from the trea-
ted effluent, was resistant to eight antimicrobials
(Table 4).

Discussion

The introduction of sewage treatment plants that use an
anaerobic process, such as an UASB reactor, has been
increasingly encouraged in Brazil (Foresti 2001). These
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Table 3 Antimicrobial susceptibilities of Klebsiella pneumoniae iso-
lates

ESBL-negative ESBL-positive

(n=23) isolates (n = 20) isolates

Resistance  Susceptibility Resistance  Susceptibility
Antimicrobials  n (%) n (%) n (%) n (%)
CRO 4(17-3) 9 (827) 0 (100) (0)
CAZ 1(43) 2 (957) 0 (100) O (O)
FEP 1(4-3) 2 (957) 0 (100) (0)
GEN 5(217) 8(783) 4 (70) 6 (30)
AK 2 (86) 1(914) 3 (15) 7(85)
CIP 1(4-3) 2 (957) 2 (10) 8 (90)
SXT 4(17-3) 9 (82 7) 7 (35) 13 (65)
C 1(4-3) 2 (957 2 (10) (90)
TE 3(13) (87) 7 (35 ) 13 (65)
MR* 6 (26) 20 (100

CRO, ceftriaxone; CAZ, ceftazidime; FEP, cefepime; GEN, gentamicin;
AK, amikacin; CIP, ciprofloxacin; SXT, trimethoprime/sulfamethoxa-
zole; C, chloramphenicol; TE, tetracycline; MR, multiple resistance;
ESBL, extended-spectrum B-lactamase.

*Strains that were resistant to two or more antimicrobials were
regarded as multiresistant.

plants have a relative advantage concerning the opera-
tional, construction and maintenance costs. In addition, it
operates well at high temperatures, which is appropriate
to tropical climate countries (Van Haandel and Lettinga
1994). Post-treatment by three anaerobic filters is not
commonly reported. Therefore, it is important that the
efficiency of this process be validated, principally in order
to evaluate the capacity of the removal of pathogens.

The sewage treatment plant studied did not perform
well in removing pathogenic micro-organisms. Although

ESBL-producing K. pneumoniae in sewage

total and thermotolerant coliform concentrations were
reduced in the final effluent by two log units as compared
with the crude sewage concentrations, a high number of
total and thermotolerant coliforms were detected in the
filtered effluent, representing a risk for microbiological
pollution of water resources. This point should be consid-
ered in the use of similar plants.

The presence of ESBL-producing K. pneunoniae in all
analysed samples, showed the real possibility of bacteria
circulation in the wastewaters coming from hospitals as
well as in the sludge from the sewage treatment process
of these establishments.

One of the recurring concerns because of the presence
of ESBL-producing bacteria in these environments is asso-
ciated with the transfer of conjugative plasmids, which
also carry genes of resistance to aminoglucosides and sulf-
onamides, giving the bacteria multiresistance patterns
(Paterson 2006). Conjugative plasmids can be easily trans-
ferred to other bacteria (Heuer et al. 2002; Tennstedt
et al. 2003). This mechanism of gene transfer is particu-
larly important in hospital effluents, because in such envi-
ronments, the possibility of gene exchange is increased as
a result of higher density and greater contact between
these micro-organisms, which allows for an increased rate
of horizontal transfer of these genes.

The incorrect handling and disposal of the effluents
and the sludge of hospital sewage treatment plants into
inappropriate locations may compromise public health by
contaminating the soil, water supplies or recreational
waters, and facilitate dissemination of micro-organisms
and resistance genes into the environment.

It was demonstrated that the phenotypes found in the
samples collected from the sewage treatment plant may

Table 4 Distribution of multiple resistances of ESBL-producing and non-ESBL- producing strains according to the number of antimicrobials tested

Sampling site Influent Sludge UASB effluent Filtered effluent
Number of Positive Negative Positive Negative Positive Negative Positive Negative
resistances* ESBL n ESBL n ESBL n ESBL n ESBL n ESBL n ESBL n ESBL n
Number of
antimicrobials
0 0 1 0 2 0 6 0 3
1 0 5 0 0 0 0 0 0
2 0 0 0 1 0 3 0 0
3 2 1 0 0 1 0 0 0
4 2 0 2 0 2 0 1 0
5 2 0 0 0 2 0 0 0
6 1 0 1 0 1 0 1 0
7 0 0 0 0 1 0 0 0
8 1 0 0 0 0 0 0 1
9 0 0 0 0 0 0 0 0
*Number of isolates which were resistant against zero to nine antimicrobials.
ESBL, extended-spectrum B-lactamase; UASB, upflow anaerobic sludge blanket.
© 2007 The Authors
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be representative of the phenotypes circulating in the in-
trahospital environment (Guillaume ef al. 2000). In this
way, a high prevalence of resistant micro-organisms in
hospitals shows a potential risk for disseminating patho-
genic agents into the environment, particularly through
the wastewaters.

In conclusion, although the efficiency for the removal
of the organic burden by this system is not discussed, it
was demonstrated in this study that the elimination of
pathogenic micro-organisms failed. It is suggested that
other post-treatment processes or the application of final
disinfection processes for wastewaters be assessed for their
capacity to reduce the microbial burden and be imple-
mented with the intention of minimizing the impact from
the release of hospital wastewaters into water resources,
preventing dissemination of multiresistant micro-organ-
isms and their genes of resistance into the environment,
thus promoting prevention measures to protect public
health.
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