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We report the first case of human infection due to Pseudomonas fulva. P. fulva caused acute meningitis
following the placement of a drainage system in a 2-year-old female. Additionally, the isolate displayed a VIM-2

carbapenemase in a class 1 integron context.

CASE REPORT

A 2-year-old female was brought to our center after 30 days
of treatment in another center due to a history of fever, mal-
aise, and partial food rejection. A sample of urine was taken
for a bacteriological culture, and empirical treatment with
amoxicillin was begun. The urinalysis showed pathological sed-
iment with more than 25 leukocytes per field, pyuria, and
bacteriuria. The urinary culture yielded >10° CFU of Proteus
penneri per ml. Based on the susceptibility test result, amoxi-
cillin was discontinued and a 1-week course of trimethoprim-
sulfamethoxazole (TMP-SMX) therapy was prescribed. Since
she did not recover, she was hospitalized in the same center for
evaluation. After 48 h, she presented a poor general state with
signs of meningismus. Therapy with ceftriaxone (150 mg/kg/
day) was started. A computerized axial tomography (CAT)
test, performed after lumbar puncture, revealed ventricular
dilatation. The cerebrospinal fluid (CSF) cytochemical analysis
was normal, and the CSF culture was negative.

Due to a torpid evolution and because the patient presented
facial paralysis, she was referred to Ricardo Gutierrez Chil-
dren’s Hospital, where a new brain CAT was performed show-
ing progressive hydrocephalus. In order to drain the CSF, an
external catheter was placed in the lateral ventricle. A pre-
sumptive diagnosis of meningitis with a bad evolution or tu-
berculous meningitis was made. Empirical treatment with van-
comycin (60 mg/kg/day) (intravenous [i.v.]), cefotaxime (220
mg/kg/day) (i.v.), and tuberculostatic drugs (isoniazid, 5 mg/
kg/day; rifampin, 10 mg/kg/day; streptomycin, 15 mg/kg/day;
pyrazinamide, 20 mg/kg/day) was started. Since the lumbar
puncture was traumatic, CSF chemistry and cell count were not
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carried out; however, the CSF culture obtained by lumbar
puncture (for bacteria, fungi, and mycobacteria) was negative.

After 9 days of having the catheter drainage in place, the
patient showed no neurological sign improvement. The cathe-
ter was changed, and a CSF sample for bacterial culture was
taken with negative results. The CSF cell count was 8 leuko-
cytes/mm?>, and protein and glucose contents were 17 mg/dl
and 70 mg/dl, respectively. Vancomycin was suspended, and
the patient continued with ceftriaxone, and despite a negative
result for the detection of Mycobacterium tuberculosis by PCR,
the patient continued on tuberculosis drugs until the culture
was finished.

As indicated by neurosurgery, a nuclear magnetic resonance
test was carried out, showing a lesion that occupied the mid-
brain and pons consistent with a probable ependymoma.

On the eighth day after the new drainage system was placed,
the patient was in very poor condition; therefore, internal
ventriculoperitoneal shunting and performing a brain biopsy of
the mass were considered. A new CSF sample was taken and
sent for bacterial culture. The CSF cell count was 218 leuko-
cytes/mm?>, with 98% neutrophils, and protein and glucose
contents were 52 mg/dl (glycemia, 112 mg/dl) and 63 mg/dl,
respectively.

The CSF Gram stain showed no bacteria. After 24 h of
incubation, nonfermenting Gram-negative bacilli grew in the
CSF culture. The microorganism grew well on Columbia agar
with 5% sheep blood and chocolate agar. It was oxidase neg-
ative, motile, arginine dehydrolase positive, lysine decarboxyl-
ase negative, and nitrate reduction negative and did not grow
at 42°C. It was identified as Pseudomonas putida (99%) by the
Vitek 2 system. With the preliminary report of nonfermenting
Gram-negative bacilli and after the patient had been submitted
to 27 days of treatment with third-generation cephalosporins,
the antibiotic therapy was changed to meropenem (120 mg/kg/
day) (i.v.) plus TMP-SMX (20 mg/kg/day) (i.v.).

The drainage system was removed, and the ventricular tip
was sent for culture. It was cultured by using a semiquantitative
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TABLE 1. Biochemical identification of Pseudomonas fulva isolate
Result” for:
Test
Our isolate P. fulva P. putida P. oryzihabitans P. luteola
Oxidase activity - +b + - -
Motility + + + + +
Production of water-insoluble yellow + + — + +
pigment on tryptic soy agar
Production of water-soluble - - + - -
fluorescent pigment on King B
Nitrate reduction - - - - v
Arginine hydrolysis + + + A% +
Esculin hydrolysis - - — - +
Oxidation of:
Glucose + ND + + +
Xylose + ND + + +
Mannitol - ND \'% + + or (+)
Maltose - ND \% + +
Lactose - ND \% \% \'%

¢ +, positive; + or (+), positives and late positives together totalling 90% or more; —, negative; V, variable; ND, not done. Data for Pseudomonas fulva are from
reference 27. Data for Pseudomonas putida, Pseudomonas luteola, and Pseudomonas oryzihabitans are from reference 3.
® The positive oxidase test result is based on only three strains studied by Uchino et al. (27).

roll-plate method in addition to the qualitative method by
immersing the catheter tip in brain heart infusion (BHI) with
subsequent incubation at 37°C and subcultured on Columbia
agar with 5% sheep blood and chocolate agar. After 24 h of
incubation, the same organism that had been developed in the
CSF was isolated. With the report of resistance to carbapen-
ems, third-generation cephalosporins, gentamicin, and TMP-
SMX by the Kirby-Bauer method, meropenem and TMP-SMX
were discontinued and colistin (5 mg/kg/day) (i.v.) together
with piperacillin-tazobactam (300 mg/kg/day) (i.v.) therapy was
started to obtain the final result of antibiotic susceptibility by
MIC (Etest; AB Biodisk, Solna, Sweden).

With these MICs (piperacillin-tazobactam, 64 pg/ml; colis-
tin, 0.5 pg/ml; and ciprofloxacin, 0.25 pg/ml), it was decided to
increase the piperacillin-tazobactam dose to 400 mg/kg/day i.v.
and to continue with the same dose of colistin.

After 2 days of treatment, colistin was discontinued and
ciprofloxacin (40 mg/kg/day) (i.v.) was added.

A new external drainage system was placed. The CSF recov-
ered through the drainage system yielded a positive result for
the same microorganism, and the cytochemical analysis yielded
the following results: glucose, 42 mg/dl (glycemia, 101 mg/dl),
protein, 51 mg/dl, and 10,000 leukocytes/mm?, with 99% neu-
trophils.

The drainage system was removed, and the ventricular tip was
sent for culture. It was positive for the same microorganism.

Colonies on nutrient agar were smooth, entire, and flat to
convex and had a water-insoluble yellow pigment after an
incubation of 24 h at 35°C. The organism was identified using
standard biochemical tests (3, 27) and API 20 NE (bioM¢érieux,
Marcy L’Etoile, France). The biochemical tests of the isolate
and related microorganisms are shown in Table 1. The strain
was identified by API 20 NE as Pseudomonas putida (96.6%)
(biocode 0143451).

PCR amplification of the 16S rRNA was performed in order to
identify the correct species. The PCR product of the 16S rRNA
gene, using the primers described by Weisburg et al. (30), was
obtained with Tag DNA polymerase according to the manufac-

turer’s specifications (Promega). Sequencing was performed on
both DNA strands using ABIPrism 3100 BioAnalyzer equip-
ment at the Utah State University sequencing facility. The
sequences were analyzed with BLAST V2.0 software (http:
//www.ncbi.nlm.nih.gov/BLAST/). The sequenced analysis
revealed a 99% identity with the sequences corresponding
to the 16S RNA ribosomal genes of P. fulva (GenBank acces-
sion no. FJ972539), P. fulva NRIC 0180 (GenBank accession
no. AB046998), Pseudomonas sp. Acj 106 (GenBank accession
no. AB480754), and Pseudomonas sp. 3zhy (GenBank acces-
sion no. AM411621). With a lower score, but still with high
identity, the sequence revealed 99% identity with the sequence
of the 16S RNA ribosomal gene corresponding to P. putida
(GenBank accession no. AB294558). In order to achieve the
most accurate identification of the organism, and taking into
account the importance of the correct identification of the
isolate, the case being the first human infection due to P. fulva,
we decided to perform DNA-DNA hybridization.

DNA-DNA hybridization was carried out using the method
of Ezaki et al. (6). The level of DNA-DNA similarity of the
isolate showed a high value with P. fulva NRIC 0180" (100%)
and low values with strains of related Pseudomonas species,
ranging from 41 to 63% similarity (P. parafulva AJ 21297, 63%;
P. cremoricolorata NRIC 01817, 60%; P. putida 1IFO 141647,
41%).

Susceptibility to 10 antimicrobial agents was determined
by agar dilution (Mueller-Hinton agar; Difco, BBL, United
States) in duplicate assays following the Clinical and Labora-
tory Standards Institute (CLSI) recommendations (4). The
MICs of imipenem (MSD, NJ) and meropenem (AstraZeneca,
United Kingdom) were determined in the absence and in
the presence of 0.4 mM EDTA-Na, (ICN, United States). A
=3-dilution decrease produced by the carbapenem/EDTA
combination compared with the result for unsupplemented
carbapenem was considered suggestive of the presence of me-
tallo-B-lactamase (MBL) (11) (Table 2). Other antibiotics
tested were ceftazidime (GlaxoSmithKline, United Kingdom)
and cefepime (Bristol-Myers Squibb, NJ), assayed both alone
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TABLE 2. Antibiotic susceptibility (MIC) of Pseudomonas fulva
clinical isolate

Antimicrobial agent (Egl) Interpretation®
Ceftazidime 32 R
Ceftazidime plus lithium clavulanate” 32 R
Cefepime 8 S
Cefepime plus lithium clavulanate® 8 S
Piperacillin/tazobactam 128 R
Imipenem 32 R
Imipenem plus EDTA® 0.5 S
Meropenem 32 R
Meropenem plus EDTA? 2 S
Amikacin 16 S
Gentamicin 128 R
Ciprofloxacin 0.25 S
Aztreonam 16 I
Colistin 1 S

¢ Clavulanic acid, 10 wg/ml (final concentration).
»EDTA, 0.4 mM (final concentration).
<8, sensitive; R, resistant; I, intermediate.

and in combination with lithium clavulanate (4 pg/ml) (Ro-
emmers, Argentina); aztreonam (Bristol-Myers Squibb, NJ);
gentamicin and amikacin (Richet, Argentina); ciprofloxacin
(Roemmers, Argentina); piperacillin-tazobactam (Wyeth,
United States); and colistin (Sigma, United States). The
inoculated agar plates were incubated overnight at 35°C.
The MIC results were interpreted using CLSI categories (5)
The MICs for the P. fulva isolate are shown in Table 2.

For metallo-B-lactamase (MBL) screening by the disk diffu-
sion assays, a double-disk assay using EDTA/SMA disks
(1,900/750 wg per disk, respectively) (Britania, Argentina)
placed 15 mm (center to center) from one disk of imipenem
was used (11). By means of this assay, synergism between
carbapenem and EDTA/SMA disks was observed and a puta-
tive MBL present in P. fulva was also indicated.

To detect carbapenem enzymatic activity, a modification of
the assay originally developed by Masuda et al. (16) and fur-
ther modifications (14, 15) was used. Crude B-lactamase ex-
tracts of this isolate displayed carbapenem hydrolysis in a bio-
assay. Addition of EDTA to the test (14) revealed the presence
of an MBL as responsible for the carbapenemase activity.

B-Lactamase preparation and analytical isoelectric focusing
(IEF) were performed as previously described (17). B-Lacta-
mase bands were visualized by the iodometric method de-
scribed by Labia & Barthélémy (9) using penicillins and ceph-
alosporins as substrates (17). Crude preparations from bacteria
possessing B-lactamases of known isoelectric points (pI) were
used as standards: TEM-1 (pI 5.4), PER-2 (pI 5.4), SHV-2 (pI
7.6), P99 (pI 7.8), CTX-M-2 (pI 7.9), and SHV-5 (pI 8.2). IEF
showed that the isolate produced a unique B-lactamase with
ESBL activity at pI 5.4.

Due to the EDTA inhibition observed by disk diffusion and
MIC, the strain was tested for MBL genes by PCR. Isolation of
total DNA was performed as described previously (17). The
strain was analyzed for the presence of the blayy, blayyp, and
blagpy, genes, using previously described primers (10, 23). Ad-
ditionally, according to IEF results, the strain was tested by
PCR for the bla gy, blages, and bla gy, B-lactamase genes (2,
17, 22). Thermal cycler T-gradient and MgCl,, deoxynucleo-
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side triphosphate, specific primers, and Taq polymerase were
supplied by Biometra, Gottingen, Germany, and Invitrogen,
United States, respectively. PCR elongation times and temper-
atures were adjusted to the expected size of the PCR product
and to the nucleotide sequence of the primers, respectively.
Nucleotide sequencing and sequence analysis of the amplicon
were performed as previously described.

P. fulva showed specific amplification for bla, ;. According
to the IEF results, putative overlapped B-lactamase bands
(such as PER-2, GES, and TEM) were ruled out by PCR.

Since almost all the blay,,, genes currently reported are
integron located (10, 24, 28), PCRs were performed using
primers directed against the 5’ and 3'conserved segments of
class 1 integrons (12). P. fulva was found to produce two class
1 integrons of 1.6 and 2.0 kb. When the primers 5'-CS/VIM-R
were used, an amplicon of 475 bp was observed, which is
indicative of the localization of the gene blay,,, as the first
cassette in the class 1 integron structure. Additionally, the
VIM-F/3'-CS primer combination produced a 1.5-kb amplicon,
suggesting that blay,, was part of the larger of the integrons
detected. Nucleotide sequences were completely homologous
to the blay, 1\, coding gene.

With antibiotic susceptibility results, colistin (5 mg/kg/day)
(i.v.) was added again.

Subsequently, biopsy of the tumor was performed; the diag-
nosis was a primitive neuroectodermal tumor.

Several CSF cultures (five samples) performed during a 14-
day course of treatment were negative, but the patient had a
poor clinical course and died.

During the taxonomic study of Pseudomonas strains isolated
from rice and petroleum fields and oil brine in Japan, lizuka
and Komagata (7) isolated a water-soluble-pigment- and a
water-insoluble-pigment-producing strain, included them in
the fluorescent group, and named them P. fulva and Pseudo-
monas straminea (7). Recently, seven P. fulva strains obtained
from culture collections were recharacterized by Uchino et al.
(27). Additionally, P. fulva was isolated from the gills of Geu-
kensia demissa, a freeze-tolerant salt marsh bivalve mollusc.
These bacteria could perform the same function as hemolymph
ice-nucleating proteins by limiting ice formation to extracellu-
lar compartments (13).

Only one report of P. fulva isolation from the sputum of a
patient with cystic fibrosis is mentioned in the literature; how-
ever, the authors did not report the clinical significance of this
finding (29).

P. fulva has been isolated from banana rhizospheric soil (19).
In addition, together with P. putida, it has been the most
frequently isolated species in rice seed samples obtained from
provinces in the Philippines (31). Interestingly, as P. fulva was
antagonistic to fungal or bacterial pathogens of rice, rice seed
is an important source of biological control agents (31).

Also, P. fulva is known to be involved in plant pathogenic
fungi elimination during the slow filtration process used in
soilless tomato cultures (25). However, P. fulva has never been
isolated from CSF. Furthermore, this isolate carried the
bla .- gene cassette.

Notably, during the year prior to the isolation of P. fulva,
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four P. putida isolates producing the bla ., gene in a class 1
integron context were detected at Ricardo Gutierrez Chil-
dren’s Hospital (21). The analysis of the integron structures
revealed the presence of the blay,, gene cassette as the first
cassette in all of them but with highly diverse variable regions.
These isolates were from different clinical samples (two from
CSF, one from peritoneal fluid, and one from urine), and all
of them exhibited different pulsed-field gel electrophoresis
(PFGE) profiles (21). Since the blay ., genes were found to
be on mobile gene cassettes inserted into integrons (8, 10, 24,
26), our findings suggest that the spread of these MBL genes at
Ricardo Gutierrez Children’s Hospital could have been due to
the movement of the resistant genes among different clones.
The occurrence of blay, ., in different clones and in different
Pseudomonas species is indicative of the presence of horizontal
gene transfer. Moreover, another study has revealed the pres-
ence of blayy.11, @ novel variant of the metallo-B-lactamase
bla, 1y, family which differs from bla. ., in a unique mutation,
in a Pseudomonas aeruginosa clinical isolate in the same med-
ical center (22).

Metallo-B-lactamase-producing P. putida isolates were first
detected in 2002 in Ricardo Gutierrez Children’s Hospital.
About 80% of the strains of P. putida isolated in the period
2002 to 2008 showed resistance to carbapenem due to the
metallo-B-lactamase production. PCR showed that all of the
metallo-B-lactamase producers had blay ., but none had
blayip-

Detection of blay ., in Pseudomonas spp. in South Amer-
ica was initially reported by the SENTRY Antimicrobial Sur-
veillance Program (18) and included one Pseudomonas fluo-
rescens isolate in Chile and three P. aeruginosa isolates in
Venezuela. In addition, we have reported the first occurrence
of blay- in P. putida in Latin America (1) and the first
blan.q; in a P. aeruginosa isolate worldwide (22).

Although the rest of the phenotypic characteristics were
identical to those of P. putida (Table 1), the oxidase-negative
reaction and the yellow pigment aroused suspicion that this
was another Pseudomonas species different from P. putida.
While these features are common to Pseudomonas luteola and
Pseudomonas oryzihabitans, other biochemical tests excluded
them (Table 1).

The positive oxidase test result in P. fulva is based on only
three strains studied by Uchino et al. (27); however, our strain
was oxidase negative.

In addition, a feebly negative oxidase reaction is cited in the
original description of P. fulva in the second edition of Bergey’s
Manual of Systematic Bacteriology (20).

Thus, the variable oxidase reaction may be a phenotypic
characteristic of this species.

The substrate utilization profile (malate positive, phenylace-
tate negative, malonate negative) was in agreement with that
specified by Uchino et al. for P. fulva (27). The system API 20
NE did not allow approaching the final identification because
P. fulva is not in the database, and the DNA hybridization was
definitive for organism identification.

The isolation of P. fulva represents the first case of human
infection by this organism and shows that a microorganism that
is part of the environmental microbiota can cause severe in-
fections and acquire resistance genes under selective pressure
in the hospital.
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Nucleotide sequence accession number. The sequence of the P.
fulva partial 16S rRNA gene has been submitted to GenBank
under the accession number GU244412.
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