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evaluated. Thirteen of the 60 marcescenstrains produced a cyto- * Plasmids

FCFRP, USP toxic effect on Vero cells. These strains were isolated from distiricterratia marcescens
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producingS. marcescerstrains were transferred o coliK12/711.

The transconjugants did not exhibit cytotoxicity, indicating that the
cytotoxic effect is not plasmid-mediated among these strains. Al-
though a cytotoxic activity was demonstrated in filtrates of sBme
marcescenstrains, further studies should be performed to assess the
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Introduction lence of this bacterium have shown charac-
teristics such as resistance to serum bacteri-
Serratia marcescensas beenrecognized cidal activity (8), cell-bound hemolysin
as an important nosocomial pathogen caus®,10), presence of fimbriae and adherence
ing respiratory and urinary tract infections to uroepithelial cells (11,12), and produc-
(1), bacteremia (2), meningitis (3,4), perito-tion of extracellular proteases (13) and nu-
nitis (5), and other disorders (6,7). This bac-cleases (14). Cytotoxin production has been
terium has been considered to be an imporeonsidered to be an important virulence fac-
tant agent of nosocomial infections, particu-tor shown by several bacteria (15-18), but as
larly among newborns and patients submitfar as we know there are no data on cytotoxin
ted to invasive procedures at the Universityproduction byS. marcescenstrains.
Hospital of the School of Medicine of Bacterial toxins are currently detected
Ribeirdo Preto, SP, Brazil. according to action on mammalian cell lines,
Reports in the literature regarding viru- evidenced by changes in cell shape. These
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morphological changes are defined as cytddixic acid, tetracycline, sulfamethoxazole-

pathic effects and can be useful to classify imethoprim, carbenicillin and streptomy-

cytotoxin. Most bacterial toxins cause ini-cin) was determined by the method of Bauer

tially cytopathic effects but only those de-et al. (23).

nominated cytotoxin lead to death of cul-

tured cells (19). In addition, viability of the Clinical data

cell monolayer treated with a cytotoxin can

be determined using the neutral red assay The clinical records of all patients were

(20,21). reviewed. Only those patients who became
The purpose of the present study was tmfected 48 h after admission to the hospital

investigate the ability of clinical isolates ofwere considered to have nosocomial infec-

S. marcescenso produce cytotoxin. The tions. Colonization is defined as the situa-

correlation of cytotoxin production with clini- tion where isolation ofS. marcescensc-

cal source, serotype of strains and presencerred without evidence of overt disease.

of plasmids was studied. Characteristics of

the cytotoxic activity such as heat stabilityBacterial filtrates

and the type of cytopathic effect were also

evaluated. The strains were cultured in 10 ml of
Trypticase Soy Broth (TSB, Difco Lab., De-

Material and Methods troit, MI) at 3”C for 18 h, with shaking.
Bacterial culture filtrates were obtained by

Bacterial strains centrifugation (15,000 rpm for 10 min at

4°C) and the supernatants were sterilized by

A total of 60S. marcescenstrains sup- filtration through 0.2-um filters (Millipore).
plied by the Microbiology Laboratory of the
University Hospital of the School of Medi- Cytotoxicity assay
cine of Ribeirdo Preto, University of Sdo
Paulo, Brazil, were studied. The strains were The cytotoxicity assay was performed as
isolated from surgical wounds (11 isolates)described by Konowalchuk et al. (24). Vero
urinary infections (12 isolates), respiratory(African green monkey kidney) cells were
tract (4 isolates), catheter (3 isolates), ateultivated intissue culture flasks with Eagle’s
scesses (3 isolates), ocular secretions (4 iserodified essential medium (MEM; Gibco,
lates), bacteremias (7 isolates) and otlters. Grand Island, NY), supplemented with 10%
coli H30 (serogroup 026), which producedetal calf serum, 0.75 mM L-glutamine, 40
verocytotoxin, was used as a positive contrqhg/ml gentamicin and 1 pg/ml amphotericin
in cytotoxicity assays anét. coliK12/711 B. Confluent monolayers were removed with
(nontoxigenic) was used as a negative conrypsin EDTA, resuspended to approximately
trol and as a plasmid recipient in conjugatio x 1@ cells/ml in MEM and 0.1-ml samples

experiments. were pipetted into each well of a 96-well
microtiter plate. After incubation at 3Z in
Characterization of Serratia marcescens 5% CQ for 72 h, the medium was replaced

with 180 pl MEM and 20 pl of the bacterial
The strains were serotyped at Institutdiltrate was added to each well. As negative
Adolfo Lutz, SP, Brazil, according to stan-controls, some wells received only MEM,
dard methods (22). Resistance to 10 antimiFSB orE. coli K12/711 filtrates ané. coli
crobial agents (amikacin, ampicillin, chlor-H30 filtrates were used as positive control.
amphenicol, gentamicin, kanamycin, naliEach sample was tested in triplicate. Vero
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monolayer morphology was observed undeure filtrates were incubated for 30 min in
the inverted microscope and checked fosealed tubes in a thermostatically controlled

cytotoxic effect for five days. water bath at 40, 50, 60, 70, 80 o?@Qprior
to the cytotoxicity assay. The cytotoxic ac-
Neutral red assay tivity of the filtrates was determined by cell

viability measured by the neutral red assay,
Cell viability was quantified by the neu- as described above.

tral red cytotoxicity assay (20). Briefly, after
the cytotoxicity assay (incubation with fil- Plasmid isolation and conjugation
trates for 24-96 h), the medium containing
the bacterial culture filtrates was removed The cytotoxin-producings. marcescens
and the cultures were washed with phosstrains selected for plasmid isolation and
phate-buffered saline, pH 7.4. Two hundredonjugation assays were susceptible to nali-
pul MEM containing 50 pug/ml neutral red dixic acid and resistant to ampicillin, chlor-
was added to each well and the plate waamphenicol and tetracycline, among other
incubated for 3 h at 3C. The media con- drugs. Plasmid DNA was isolated according
taining the dye were removed and each welb the extraction method described by Kado
was washed for 2-3 min with formol-cal-and Liu (25) and electrophoresed on 0.7%
cium (40% formaldehyde, 10% anhydrousagarose gel. The molecular mass of each
calcium chloride) to remove non-incorpo-plasmid was determined by comparison with
rated neutral red. Finally, 0.2 ml of an acetiplasmids of known molecular masses: pR27
acid-ethanol mixture (1.0 ml glacial acetic(110 MDa), pJPN11 (66 MDa) and pRK
acid in 100 ml 50% ethanol) was added t¢13.2 MDa). The conjugation experiments
each well and the plate was kept for 15 mimvere performed as described elsewhere (26)
at room temperature in order to remove thasingE. coliK12/711 as recipient. Briefly,
dye from the viable cells. Plates were transmating mixtures consisting of 1@onor cells/
ferred to a spectrophotometer (Titertekml sensitive to nalidixic acid and 4 fecipi-
Multiskan model 340) and read with a 540ent cells/ml were incubated at°87 After
nm filter. Two wells on the first row received incubation for 24 or 72 h, the bacterial mix-
medium without neutral red and served atures were plated onto MacConkey’s agar
blanks. Control cultures, 8 wells located in(Difco, Detroit, MI) containing nalidixic acid
different areas of the plate, received normgb0 pg/ml). Depending upon the antibiotic
medium without test filtrates. Cell viability sensitivity of the donor strain, the bacterial
was determined by comparison to the abmixture and appropriate controls were plated
sorbance values obtained for control wellonto MacConkey’s-nalidixic acid agar con-
(without toxin), which were taken as 100%taining one of the following antibiotics: chlor-
cell viability. The cytotoxicity assay and theamphenicol (20 pg/ml), carbenicillin (20 pg/
guantitative colorimetric assay were carriednl), tetracycline (20 pg/ml), streptomycin

out on the same cell culture plate. (25 pg/ml) or ampicillin (50 pg/ml). The
isolated transconjugants were submitted to
Heat stability plasmid extraction and electrophoresis on

agarose gels in order to confirm the plasmid
Filtrates that induced morphologicaltransfer. All transconjugants were analyzed
changes in Vero cells were tested for hedor antibiotic resistance and cytotoxicity.
stability. One-ml samples of bacterial cul-
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acteristic of normal Vero cells to round and
shriveled cells, and these changes were fol-
lowed by gradual destruction of the mono-
layer (Figure 1).

Cytopathic effects were observed in 13Determination of cell viability

culture filtrates of S. marcescenstrains.
After incubation with culture filtrates there

Cell viability was determined for alb.

was a change from spindle-shaped cells chamarcescenstrains and the results obtained

Figure 1 - Cytopathic effect of S. marcescens filtrates on Vero
cells. A, Negative control (E. coli K12); B, cytopathic effect after

24 h. Magnification: 100X.
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Figure 2 - Determination of the viability of Vero cells treated with filtrates of the S.
marcescens strains numbers 1, 4 and 5, and negative control (E. coli K12) after different

incubation times.
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Incubation time (h)

were closely similar. Figure 2 illustrates the
results obtained for thre&. marcescens
strains, Serratial (serotype O19:NM, iso-
lated from urinary infectionjerratia4 (se-
rotype 06,14:H4, isolated from the respira-
tory tract) andSerratia5 (serotype O1:H7,
isolated from a surgical wound), and the
negative controE. coli K12.

Heat stability

Tests for heat stability showed that the
cell monolayer lost approximately 30% cell
viability when the bacterial filtrates were
heated to 6@, and no cytopathic effect was
observed at AC, as shown by maintenance
of the viability of Vero cells (Figure 3).

Clinical data

The clinical data correlating the patients
and the cytotoxin-producing§. marcescens
strains are shown in Table 1. The strains
were obtained from ocular infection (2
strains), pneumonia (2 strains), urinary in-
fection (3 strains), abscess (1 strain), surgi-
cal wound (3 strains) and catheter (2 strains).
The majority of these infections (92%) were
considered to be nosocomially acquired, and
one was only colonization. The age of pa-
tients ranged from newborn to 72 years.

Serotyping

The serotypes of th8. marcesceniso-
lates are shown in Table 2. Bacterial strains
that showed untyped flagellar antigen or that
were non-motile are referred to as NT and
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NM, respectively. The cytotoxin-producing of 60 (21.7%)Serratia marcescenstrains
strains were classified into 7 different seroshowed cytotoxic activity on Vero cells.
types: 06,14:H4 (7 strains), O1:H7 (1 strain)These strains were isolated from various
O4:NM (1 strain), O10:NT (1 strain), clinical sources, and from patients of differ-
019:NM(1 strain), 06,14:NM (1 strain) and ent ages. Although no association between

06,14:H1 (1 strain). cytotoxic activity and isolation source was
observed, most cytotoxin-producing strains

Plasmids and transconjugants (92%) were isolated from nosocomial infec-
tions.

Plasmids were found in 8 cytotoxin-pro-  The cytopathic effects of th®. marces-
ducing S. marcescenstrains, but only 5 of censisolates on Vero cells were character-
these strains transferred plasmid<€tacoli  ized by cell rounding and detachment. Cell
K12/711 (Figure 4)Serratiaisolates num- rounding without swelling can occur when
bers 15, 20 and 27 showed the same antib

ber 45 was resistant to ampicillin, carbeni
cillin, gentamicin, streptomycin, sulfameth-
oxazole-trimethoprim, kanamycin, tobramy-
cin and chloramphenicol and transferred ar 60 70
other plasmid of ~66 MDa that showed re TemperEiie (°L)

sistance to ampicillin, carbenicillin, kana-_ _ . .
i . d If h | Figure 3 - Effect of heat treatment of Serratia marcescens cytotoxin. The filtrates were
mycin, streptomycm, and sultamethoxazo €35ubmitted to different temperatures and tested on Vero cells. The viability of the cell culture

trimethoprim. Strain number 1 showed awas determined by the neutral red assay.

resistance pattern similar to that of number

45, with the addition of tetracycline. Only Table 1 - Clinical data of patients with cytotoxin-producing S. marcescens and sero-
this isolate transferred two plasmids Fo ~ types of the strains.

coli K12/711: one plasmid (~54 MDa) that HI = Hospital infection; CO = colonization; NT = untyped flagellar antigen; NM = non-
carries resistance to tetracycline and chlol  motile.

amphenicol and another (~66 MDa) carry

otic resistance pattern. These isolates we 10 " T sorara s %
resistant to ampicillin, carbenicillin, gen- W Serratia 2 é
tamicin, streptomycin, sulfamethoxazole- 80 =| D et %
. . . . — A Serratia 4 %
trimethoprim, kanamycin and tobramycinanc = %
all transferred one plasmid (~60 MDa) tha Z ©° Z
carries resistance to carbenicillin, ampicil: ‘§ 40 Z
lin, streptomycin and tobramycin. Strain num g é
%

/

.

%

ing resistance to ampicillin, carbenicillin, Strain (number) Clinical source Patient age (years) Type Serotype
streptomycin, kanamycin and sulfamethox urinary tract 72 HI 019:NM
azole-trimethoprim. Transconjugants are re 4 respiratory tract 34 HI 06,14:H4
ported as donor number/recipient number ° surgical wound 47 HI O1:H7
6 surgical wound 35 HI 06,14:H4

Culture filtrates obtained from transconju- 43

umbilical catheter newborn HI 06,14:H4
gants did not produce morphological change 14 subclavian catheter 21 HI 06,14:H4
of Vero cells and cell viability always reachec 15 SlE SR T BT il L i
100% 20 oculgr secretion newborn HI 06,14:H4
' 27 urinary tract 35 HI 04:NM
45 urinary tract 61 HI O10:NT
Discussion 47 subphrenic abscess 20 HI 06,14:H4
52 surgical wound 34 HI 06,14:NT
60 respiratory tract 39 CO 06,14:H1

In the present study, 13 culture filtrates
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Figure 4 - Agarose gel electro-
phoresis of plasmids from cyto-
toxin-producing Serratia marces-
cens transferred to E. coli K12/
711. A, E. coli K12/711 (recipi-
ent); B, Serratia1 (donor); C, 711/
1a (transconjugant); D, 711/1b;
E, Serratia15; F, 711/15; G, Ser-
ratia 20; H, 711/20; 1, Serratia 27,
J, 711/27; K, Serratia 45; L, 711/
45; M, pR27; N, pJPN11; O, pRK.
pR27, pJPN11 and pRK are mo-
lecular mass standards.
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the cytoskeleton is altered in the absence @fjury was the loss of cell culture viability
plasma membrane damage. Toxins that proreasured by the neutral red assay. The re-
duce this effect are classified as cytoskelsults showed that the monolayer of Vero
eton-altering toxins (18). cells treated witts. marcescensulture fil-
The criterion used here to define celltrates was completely damaged after 72-96
h, causing the death of the cell culture, when
compared to the negative control.
The cytotoxic activity of theés. marces-
censculture filtrates was inactivated att@)
NT = Untyped flagellar antigen; NM = non-motile. a result similar to that reported for soffe
Serotypes Numberof  Number of cytotoxin- coli cytotoxins such as verocytotoxins (27)
isolates producing strains and Shiga toxin (28).
In E. coli, some serogroups are generally

Table 2 - Serotypes and cytotoxin production of
the Serratia marcescens strains studied.

81;:‘7‘ ; ? isolated from verocytotoxin-producing
03:H1 2 0 strains (29). In the present studg,relation-
04:NM 1 1 ship betweerserotype and cytotoxin pro-
8‘;:;‘3 1 8 duction was demonstrableS. marcescens
05-H8 2 0 strains were classified into seven different
O10:NT 1 1 serotypes and the 06,14:H4 serotype was
013:H17 1 0 the most common among the isolates stud-
812% 1 ? ied, independent of the production of cyto-
O19:H1 1 0 toxin.

06,14:H4 34 7 Furthermore, other virulence character-
ggjlimz ; 8 istics such as hemolysin production (10) and
06,14:H12 1 0 resistance to serum bactericidal activity (8)
06,14:H8 1 0 were detected in 97% and 92% of the strains,
018, 14 ! ! respectively. However, no association with
06,14:NM 1 1

cytotoxin production was observed, since

MDa

-13.2
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these characteristics were also found in mostlated toxins produced byCitrobacter

of the non-producing strains. freundii (34). Thus, characteristics such as
Five cytotoxin-producing strains trans-source of isolation, heat stability and type of

ferred plasmids toE. coli K12/711. The cytopathic effect are preliminary tests that

transconjugants received plasmids carryingan be useful for differentiation of a cyto-

antibiotic resistance but they did not protoxin.

duce cytotoxins, suggesting that the genetic In conclusion, the present results describe

information for this activity is not carried on a cytotoxic activity on Vero cells induced by

these plasmids. clinical isolates ofS. marcescengnd may
Although most bacterial toxins seem toprovide impetus for subsequent work on the

be located on the chromosome, toxins suatharacterization of this cytotoxin.

as CNF2 and heat-labile (LT) and heat-stable

(ST) enterotoxins oE. coli(17,30,31) have Acknowledgments

been associated with plasmid presence. How-

ever, the controlling genes for verocytotoxin ~ We are grateful to the personnel of the

production are phage-encoded in several Laboratory of Microbiology, School of Medi-
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Some cytotoxins are homologous betweethe bacterial strains, to Rosa H.A.R. Gironi
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