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RESUMO.- [Sorogrupos e genes de virulência em Escheri-
chia coli isoladas de psitacídeos.] Amostras de Escherichia
coli isoladas de 24 psitacídeos doentes foram sorogrupadas e
investigadas para a presença de genes que codificam os se-
guintes fatores de virulência: attaching e effacing (eae),

plasmídeo EAF (EAF), pili associado à pielonefrite (pap), fím-
bria S (sfa), adesina afimbrial (afa), cápsula K1 (neu), curli
(crl, csgA), hemaglutinina termosensível (tsh), enterotoxina
termo-estável 1 de E. coli enteroagregativa (astA), toxina
termolábil (LT) e toxina termoestável (STa e STb), Shiga-like
toxinas (stx1 e stx2), fator citotóxico necrotizante 1 (cnf1),
hemolisina (hly), produção de aerobactina (iuc) e resistência
sérica (iss). Os resultados mostraram que os isolados pertenci-
am a 12 sorogrupos: O7; O15; O21; O23; O54; O64; O76; O84;
O88; O128; O152 e O166. Os genes de virulência encontrados
foram: crl em todos os isolados, pap em 10 isolados, iss em sete
isolados, csgA em cinco isolados, iuc e tsh em três isolados e
eae em dois isolados. A combinação dos genes de virulência
revelou 11 perfis genotípicos distintos. Todas as amostras fo-
ram negativas para os genes que codificam EAF, EAEC, K1, sfa,
afa, hly, cnf, LT, STa, STb, stx1 e stx2. Estes resultados demons-
traram que algumas amostras de E. coli isoladas de psitacídeos
apresentam os mesmos fatores de virulência presentes nos
patotipos de E. coli patogênicas para aves (APEC),
uropatogênicas (UPEC) e E. coli enteropatogênicas (EPEC).
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Escherichia coli isolates from 24 sick psittacine birds were serogrouped and investigated
for the presence of genes encoding the following virulence factors: attaching and effacing (eae),
enteropathogenic E. coli EAF plasmid (EAF), pili associated with pyelonephritis (pap), S fimbriae
(sfa), afimbrial adhesin (afa), capsule K1 (neu), curli (crl, csgA), temperature-sensitive
hemagglutinin (tsh), enteroaggregative heat-stable enterotoxin-1 (astA), heat-stable enterotoxin -
1 heat labile (LT) and heat stable (STa and STb) enterotoxins, Shiga-like toxins (stx1 and stx2),
cytotoxic necrotizing factor 1 (cnf1), haemolysin (hly), aerobactin production (iuc) and serum
resistance (iss). The results showed that the isolates belonged to 12 serogroups: O7; O15; O21;
O23; O54; O64; O76; O84; O88; O128; O152 and O166. The virulence genes found were: crl in all
isolates, pap in 10 isolates, iss in seven isolates, csgA in five isolates, iuc and tsh in three isolates
and eae in two isolates. The combination of virulence genes revealed 11 different genotypic
patterns. All strains were negative for genes encoding for EAF, EAEC, K1, sfa, afa, hly, cnf, LT,
STa, STb, stx1 and stx2. Our findings showed that some E. coli isolated from psittacine birds
present the same virulence factors as avian pathogenic E. coli (APEC), uropathogenic E. coli
(UPEC) and Enteropathogenic E. coli (EPEC) pathotypes.
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TERMOS DE INDEXAÇÃO: Psitacídeos, Escherichia coli, fatores de
virulência, septicemia.

INTRODUCTION
The normal flora of psittacine birds is composed mostly or
exclusively of Gram-positive bacteria and includes bacteria of
the genera Lactobacillus, Bacillus, Corynebacterium, Gaffkya and
non-hemolytic strains of Staphylococcus spp. and Streptococcus
spp. For this reason, many authors have suggested that all Gram-
negative bacteria are abnormal inhabitants of the psittacine gut
and should be considered as pathogens (Hoefer 1997).

There is considerable controversy over the significance of
isolating Gram-negative bacteria, in particular Escherichia coli,
from the cloacae or feces of psittacine birds (Marietto-Gonçalves
et al. 2010). The prevalence rates of E. coli in feces or cloacal
swabs of healthy birds vary among the various psittacine speci-
es. For amazon parrots, the recovery rate of E. coli was 13.6%
according to Graham & Graham (1978), and 18% according to
Flammer & Drewes (1988). However, the highest incidence of E.
coli has been observed in samples collected from sick birds or
intestinal tissue at necropsy (Dorrestein et al. 1985).

There is no easy way to distinguish between potentially
pathogenic and nonpathogenic E. coli isolates. A study on the
virulence traits could help in elucidating the clinical importan-
ce of infection for psittacine birds, and to determine the genetic
similarity between strains isolated from commercial and wild
birds (Ron 2006).

Avian pathogenic E. coli (APEC) causes several diseases in
poultry such as airsacculitis, septicemia, omphalitis, salpin-
gitis, cellulitis, swollen head syndrome and colisepticemia
(Monroy et al. 2005). Virulence factors associated with APEC
isolated from chickens, turkeys and ostriches include coloni-
zation factors (fimbrial and afimbrial adhesins), invasive
factors, serum resistance mechanisms, iron acquisition
systems, antiphagocytic activity and production of toxins
(Knöbl et al. 2001, Monroy et al. 2005, Nakazato et al. 2009).
Well-recognized virulence properties include Type 1 (F1) and
P fimbriae, IbeA proteases and aerobactin production, Iss for
serum survival, K and O antigens for anti-phagocyitc activity,
and a temperature-sensitive haemagglutinin of unknown
function. These factors do not occur widespread among APEC,
suggesting the presence of alternative mechanisms mediating
pathogenicity (Dziva & Stevens 2008).

APEC strains are a subset of extraintestinal pathogenic E. coli
(ExPEC), a pathogenic category associated with invasive
infections in mammals (animals and humans), which also
includes uropathogenic E. coli (UPEC) and newborn meningitis
E. coli (NMEC). APEC and UPEC pathotypes presents share viru-
lence associated traits, and have overlapping O serogroups and
phylogenetic types (Nakazato et al. 2009). Some of the genes that
were found to be widely distributed among both UPEC and APEC
have been localized to large transmissible plasmids and pathoge-
nicity islands (PAIs). This similarity supports the hypothesis
that birds may act as a reservoir for potentially zoonotic E. coli
strains (Ewers et al. 2007, Johnson et al. 2007).

The epidemiological link between human and animal disea-
se are well established in some instances but remain unclear in
others (Johnson et al. 2007). Recent isolation reports of diarrhe-
agenic Escherichia coli in wild birds reinforce the idea of bacterial

transmission from humans to birds (Saidenberg 2008, Knöbl &
Menão 2010). There are six patotypes of diarrheagenic Escheri-
chia coli, based on the genetic background and virulence
mechanism: enterotoxigenic E. coli (ETEC); enteropathogenic E.
coli (EPEC); enterohemorrhagic E. coli (EHEC); enteroinvasive
E. coli (EIEC); enteroaggregative E. coli (EAggEC) and diffuse
adherent E. coli (DAEC) (Vidal et al. 2005). The pathotypes ETEC
and EPEC have been identified in birds with enteritis (Parreira &
Yano 1998, Saidenberg 2008, Knöbl & Menão 2010).

Enterotoxigenic Escherichia coli (ETEC) are one of the most
prevalent causes of osmotic diarrhea in mammals. ETEC
adhere to the small intestinal microvilli and produce one or
more of heat labile (LT), heat-stable (STa and STb) and enteroa-
ggregative heat-stable (EAST-1) enterotoxins.

Enteropathogenic E. coli (EPEC) are characterized by pre-
sence of the large  EPEC adherence factor (EAF) plasmid, the
cluster of genes encoding bundle-forming pili (bfp) and genes
that encodes proteins that promote intimate cells adherence
leading the attaching and effacement lesions (Vidal et al. 2005).

There are a limited number of publications about the pre-
sence of virulence factors in psittacine birds in comparing with
commercial avian (Knöbl & Menão 2010). The mere detection
of virulence genes is not sufficient to establish a causal
relationship, because several factors (management,
concomitant infections, contact with humans and others mam-
mals) may alter the course of disease in these birds (Mattes et
al. 2005).  However, the virulence factors could be a first step
in elucidating the pathogenesis of colibacillosis in wild birds.
The purpose of this survey was to investigate the serogroups
and virulence factors present in E. coli isolated from sick psit-
tacine birds.

MATERIALS AND METHODS
The study was conducted with Escherichia coli isolated from 24
psittacine birds with enteritis and septicemia, submitted to the
Veterinary Medical Teaching Hospital of Faculdades Metropolita-
nas Unidas (FMU), São Paulo, Brazil, during three consecutive years
from 2005 to 2008. Standard bacteriological methods were
employed for E. coli isolation and identification (Bangert et al. 1988).
Ten isolates were obtained from fresh fecal samples, collected by
cloacal swabs. Fourteen isolates were obtained from heart or liver
of dead birds, immediately collected at necropsy (Table 2).

All isolates were stored at -70oC in brain heart infusion broth
(BHI) (Difco/BBL, Detroit, MI, USA) to which 15% glycerol was
added after incubation.

Serogroups were identified by the method described by
Guinée et al. (1981) with all available O antisera (O1 to O185).
Antisera were obtained and absorbed with corresponding cross-
reaction antigens to remove nonspecific agglutinins. O antisera
were produced in the Laboratorio de Referencia in E. coli (LREC),
Universidad de Santiago de Compostela, Lugo, Spain <http://
www.lugo.usc.es/ecoli>.

Production of aerobactin was assayed by growing strains in LB
medium containing 200 μM of a-a-dipyridyl at 37oC for 24 h
(Monroy et al., 2005). The growth was spun for 3 min (12,000g),
the supernatants were filtered through a nitrocellulose membrane
(0.22μm) and 50 μL were added to orifices made in LB medium,
previously seeded with LG1522 strain. The strains were incubated
at 37oC for 48 h and the production of aerobactin was visualized
by the growth of strain LG1522 around the orifices.

The E. coli isolates were tested by colony blot hybridization as
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described previously by Maas (1983) using specific cloned probes
for: AA (aggregative adherence) (Baudry et al. 1990); eaeA (E. coli
attaching and effacing) (Jerse et al. 1990) and EAF (EPEC
adherence factor) (Baldini et al. 1983).  Specific DNA sequences
were labeled with [a-d-32P]-dCTP using the Ready-To-GoTM DNA
Labelling Beads (GE Healthcare, São Paulo, SP, Brazil).

The prototype wild-type strains from which DNA probes
are derived were used as positive controls of each probe. E.
coli K12 C600/pBR322 was used as negative control in all
hybridization tests.

The primer sequences were used to detect genes encoding pili
associated with pyelonephritis (pap), haemolysin (hly), aerobactin
(iuc), cytotoxic necrotizing factor 1 (cnf1), S fimbriae (sfa), afimbrial
adhesin I (afaI), heat labile (LT) and heat stable (STa and STb)
enterotoxins, Shiga-like toxins (stx1 and stx2), temperature-regulated
adhesin, curli (crl, csga) and temperature-sensitive hemagglutinin

(tsh), increased serum survival (iss) and K1 capsule (neu). Amplicon
sizes and the relevant literature are given in Table 1.

The DNA extraction was performed as described by Boom et al
(1990). The standard PCR amplification mixture consisted of 10mM
Tris-HCl (pH 8.3), 50mM KCl, 1.5mM MgCl2, 0.001% (wt/vol)
gelatin, 200mM each of the four deoxynucleoside triphosphates,
sets of primers, and 0.5 U of Taq DNA polymerase in a final volume
of 25ml. Amplified products were separated in 1.5% agarose gel
and examined after ethidium bromide staining. A 100-bp DNA
ladder was used as a molecular size marker.

RESULTS
As shown in Table 2, twelve different serogroups were detec-
ted: O7; O15; O21, O23; O54; O64; O76; O84; O88; O128; O152
and O166. Eight isolates did not react with the antisera used.

Table 2. Serogroup and virulence properties of Escherichia coli isolated from psittacine birds

E. coli Virulence factors
strains Avian specie sample serogroup eaeA pap crl csgA iuc iss tsh

01 Amazona aestiva feces ONT - - + + - + -
02 Amazona aestiva feces ONT - - + + - + -
03 Guarouba guarouba feces O88 - - + + - + -
04 Guarouba guarouba feces ONT - - + - - - -
05 Amazona amazonica feces O21 - - + - - - -
06 Amazona aestiva feces ONT - - + - - - -
07 Amazona amazonica feces ONT - + + + - + -
08 Amazona aestiva feces O84 - + + - - - -
09 Amazona aestiva feces O84 - + + - - - -
10 Amazona aestiva feces O84 - + + - - - -
11 Amazona amazonica feces O7 - - + + - - -
12 Amazona aestiva Liver ONT - + + - - + -
13 Amazona aestiva Liver O152 - - + - - - -
14 Amazona aestiva Heart O64 - + + - - + -
15 Amazona aestiva Heart O23 - - + - + + +
16 Amazona amazonica Liver O128 + - + - - - -
17 Amazona aestiva Liver O76 + - + - + - -
18 Amazona aestiva Liver O54 - + + - + - +
19 Amazona amazonica Heart O152 - - + - - - -
20 Aratinga aurea Liver ONT - + + - - - -
21 Ara ararauna Heart O15 - + + - - - -
22 Ara ararauna Liver O15 - - + - - - -
23 Ara chloroptera Heart ONT - + + - - - -
24 Melopsittacus undulatus Liver O166 - - + - - - +

Total  of positives 2 10 24 5 3 7 3

*All isolates were negative for genes encoding for EAF, neuS (kps), sfa, afa, hly, cnf, LT, STa, STb, astA, stx1 and stx2. ONT
= O not typeable.

Table 1. The primers used for detection of the various genes by PCR, amplicon size, and references

Gene Oligonucleotide primer pairs (5‘-3‘) Amplicon (bp) Reference

papEF GCAACAGCAACGCTG GTTGCATCATAGAGAGAGCCACTCTTATACGGACA 336 Yamamoto et al. 1995
sfa CTCCGGAGAACTGGGTGCATCTTACCGGAGGAGTAATTACAAACCTGGCA 410 Yamamoto et al. 1995

afaBC GCTGGGCAGCAAACTGATAACCTCCATCAAGCTGTTTGTTCGTCCGCCG 750 Yamamoto et al. 1995
hlyA AACAAGGATAAGCACTGTTCTGGCTACCATATAAGCGGTCATTCCCGTCA 1177 Yamamoto et al. 1995
iucD TACCGGATTGTCATATGCAGACCGTAATATCTTCCTCCAGTCCGGAGAAG 602 Yamamoto et al. 1995
cnf1 AAGATGGAGTTTCCTATGCAGGAGCATTCAGAGTCCTGCCCTCATTATT 498 Yamamoto et al. 1995

eltA(LT) GGCGACAGATTATACCGTGCCCGAATTCTGTTATATATGTC 696 Schultsz et al. 1994
sta TTAATAGCACCCGGTACAAGCAGGCTTGACTCTTCAAAAGAGAAAATTAC 147 Olsivik et al. 1993
stb ATCGCATTTCTTCTTGCATCGGGCGCCAAAGCATGCTCC 172 Blanco et al. 1997b

astA(EAST) ATGCCATCAACACAGTATAT GCGAGTGACGGCTTTGTAGT 110 Vila et al. 2000
stx1 GAAGAGTCCGTGGGATTACGAGCGATGCAGCTATTAATAA 130 Pollard et al. 1990
stx2 CCGTCAGGACTGTCTGAAACGAGTCTGACAGGCAACTGTC 726 Woodward et al. 1992
crl TTTCGATTGTCTGGCTGTATGCTTCAGATTCAGCGTCGTC 250 Maurer et al. 1998

csgA ACTCTGACTTGACTATTACCAGATGCAGTCTGGTCAAC 200 Maurer et al. 1998
tsh GGGAAATGACCTGAATGCTGGCCGCTCATCAGTCAGTACCAC 420 Maurer et al. 1998
iss GTGGCGAAAACTAGTAAAACAGCCGCCTCGGGGTGGATAA 760 Horne et al. 2000

neuS(kps) TATAATTAGTAACCTGGGGCGGCGCTATTGAATAAGACTG 927 Tsukamoto 1997
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The presence of pap genes was detected in 10 isolates in
the serogroups O84, O64, O54 and O15. Four pap+ strains
were not serotypable (Table 2). All isolates were positive for
curli (crl), although only five contained the csgA gene.

Three isolates presented the gene encoding for aerobactin
siderophore (iuc), although growth on the iron-deficient
medium was observed for all isolates in biological assay. The
increased serum survival gene (iss) was present in seven
isolates and the temperature-sensitive hemagglutinin (tsh) gene
was detectable in three isolates.

Two isolates were positive for the eae gene. These isolates
belonged to serogroups O128 and O76, and were isolated from
liver of psittacine birds, at necropsy.

The strains were grouped into 11 distinct genotypic patterns;
according to the virulence factors presence (Table 3).

All E. coli isolates were negative when tested for the pre-
sence of genes encoding for EAF, EAST, LT, STa, STb, Stx1, Stx2,
Hly, CNF1, S fimbriae, afimbrial adhesion I and K1 capsule.

DISCUSSION
It is very difficult to differentiate potentially pathogenic from
nonpathogenic strains, because Escherichia coli are frequently
secondary invaders in birds, associated with stress, malnutrition,
poor hygiene and hypovitaminosis A (Mattes et al. 2005, Marietto-
Gonçalves et al. 2007). The potentially pathogenic E. coli strains
can be screened by different tests, like phenotypic assays as
Congo red binding (Styles & Flammer 1991), serotyping
(Schremmer et al. 1999), and genotypic assays (Pakpinyo et al.
2002, Knöbl et al. 2008, Nakazato et al. 2009).

Several surveys have revealed that many avian septicemic
E. coli belong to a limited number O serogroups (O1, O2, O18,
O35 and O78) (Menão et al. 2002, Dziva & Stevens 2008).
However, some studies showed that a wide antigenic diversity
exists among isolates from avian colibacillosis (Blanco et al.
1998). Furthermore, the involvement of a particular O
serogroup in disease appears to vary with geographic location.
The present study revealed that E. coli isolated from psittacine
was classified in 12 distinct serogroups: O7, O15, O21, O23,
O54, O64, O76, O84, O88, O128, O152 and O166.

The serogroup O15:H8 was reported as an important agent
of diarrhea in ostriches, due to type 2 heat-labile enterotoxin
(LT II) production (Nardi et al. 2005).  There are only a few
reports demonstrating that E. coli strains isolated from avian
can produce toxins (Tsuji et al. 1990, Blanco et al. 1997a, Par-

reira et al. 1998, Salvatori et al. 2001, Parreira & Gyles, 2003).
None of the isolates analyzed here possessed the genes that
encoded toxins LT, STa, STb, Stx1, Stx2, Hly or CNF.

Schremmer et al. (1999) examined E. coli isolated from
psittaciformes and emphasized the presence of seven strains
belonged serovars O63:H10, O110:H6, O131:H-, O153:H10 and
ONT:H6, that were positive for the eae gene, four of which
were also positive for the bfpA gene. The authors concluded
that EPEC should be considered as potential pathogens in
psittaciform birds, and may be a reservoir of human EPEC
infections. Likewise, in our study two isolates of serogroups
O128 and O76 were positive for eaeA gene, and thus were
considered atypical enteropathogenic E. coli (aEPEC), a diar-
rheagenic pathotype characterized by the absence of the stx
gene and EAF region.

Table 3 shows 11 distinct patterns with a predominance of
genes associated with systemic infections (pap, iss, tsh and
iuc). Among the various genotypes observed, only tsh and iuc
genes were restricted to isolated of organs. The others were
also found in stool samples. One should be cautious in
interpreting these results, because the clinical manifestations
of colibacillosis in psittacine birds are hyperacute and cannot
be ruled out sepsis in birds with diarrhea. Clinical studies with
a larger number of birds are needed to understanding the
infection in wild birds.

Among the virulence factors of extraintestinal strains, stands
out the presence of the pap gene that encoded P fimbriae, and
was found in 11 (45.83%) of 24 isolates (Table 2). P pili are a
mannose resistant adhesin, associated with human urinary tract
infections (cystitis and pyelonephritis) (Blanco et al. 1997c).

The prevalence of P fimbriae in human uropathogenic E.
coli (UPEC) is high. Among avian pathogenic E. coli (APEC) the
prevalence of P fimbriae varied between 18 to 30% (Janben et
al. 2001, Delicato et al. 2003). The role of P fimbriae in the
pathogenesis of avian colibacillosis is still controversial, but
the expression of P fimbriae has been associated with coloni-
zation of internal organs (Pourbakhsh et al. 1997).

Curli expression promotes bacterial adherence to the
laminin and fibronectin; plasminogen activation; and chicken
erythrocyte agglutination, but the role of curli in bacterial
adherence is polemic, although deletions in the crl genes do not
inhibit hemagglutination (Provence & Curtis 1992). In this
study the structural gene crl was present in all isolates (100%),
but csgA was detected only in five (20.83%). The csgA gene is
essential for the expression of the major subunit protein of the
fibre (CsgA subunit protein).

Another adhesin also detected in APEC, is the tsh protein
(temperature sensitive hemagglutinin). This protein possesses
a high homology with IgA proteases from Neisseria gonorrho-
eae and Haemophilus influenzae and has been regarded as a
virulence marker of APEC (Stathopoulos et al. 1999),
contributing to airsacs colonization. The prevalence of the tsh
gene may vary largely among APEC isolates. Percentiles of
49.7%, 85.3% and 39.5% of tsh positive strains were obtained
respectively by Dozois et al. (2000); Janben et al. (2001) and
Delicato et al. (2003).

In spite of the growth on the iron-deficient medium obser-
ved for all isolates in biological assay, only three E. coli isolates
(12.5%) were positive for the iuc gene that encoded aerobactin

Table 3. Genotypic profiles of psittacine Escherichia coli strains

Profiles Combination of genes Nº of Sample
trains

G1 crl+ 6 Feces/Liver/Heart
G2 crl+  csgA+ 1 Feces
G3 crl+  pap+ 6 Feces/Liver
G4 crl+  tsh+ 1 Liver
G5 crl+  eaeA+ 1 Liver
G6 crl+ csgA+ iss+ 3 Feces
G7 crl+ pap+ iss+ 2 Liver/Heart
G8 crl+ eaeA+ iuc+ 1 Liver
G9 crl+ iuc+ iss+ tsh+ 1 Heart

G10 crl+ pap+ iuc+ tsh+ 1 Liver
G11 crl+ csgA+ pap+ iss+ 1 Feces

Total 24
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(siderophore with high affinity iron uptake system). This result
suggests the existence of other iron acquisition systems.

The virulence of APEC has been attributed to the resistance
to action of complement and bactericidal effects of serum. This
resistance can be conferred by many cellular components like
the capsular antigen, lipopolysaccharide (LPS) and the outer
membrane proteins Iss and TratT (Monroy et al. 2005). In this
study only 7 (29.16%) iss+ isolates were detected.

The mere presence of virulence genes does not mean that
the strain is pathogenic, since some of these genes can be
found in asymptomatic carriers (Saidenberg 2008, Knöbl &
Menão 2010). According to Ngeleka et al. (2002) the virulence
of the E. coli strains in the extra intestinal infections depends
on the combination of virulence factors giving special attention
to tsh/ iuc and tsh/ pap/ iuc - genotypes considered highly
virulent. These genotypes were observed in isolates 15 (G9)
and 18 (G10), respectively (Tables 2 and 3). Both were isola-
ted from organs after necropsy.

Saidenberg (2008) compared the frequency of virulence
genes between strains isolated from sick and healthy groups.
The higher frequency in symptomatic psittacine birds was
founded for eight virulence genes (iss, tsh, sfa, pap, iuc, cnf,
pap and hly). The iss gene was detected in 51.7% in the symp-
tomatic group and 23.2% in asymptomatic ones, while the tsh
was presented in 8.6% and 1%, respectively.

In conclusion, our results support that a wide diversity of
serogroups and pathotypes among avian E. coli exists. E. coli
isolated from psittacine birds present the same virulence factors
as avian pathogenic E. coli (APEC), uropathogenic E. coli (UPEC)
and Enteropathogenic E. coli (EPEC) pathotypes. The detection
of virulence factors of E. coli strains isolated from psittacine
birds by molecular techniques may help to clarify the bacterial
pathogenesis. Future studies with new approaches for virulen-
ce determinants are needed to appoint the clinical importance
of these strains by psittaciformes, to establish the epidemiology
of colibacillosis among wild birds and to determine the
homology of psittacine birds E. coli with pathotypes APEC,
UPEC and EPEC.
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