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Abstract
Some high-risk Avian Pathogenic Escherichia coli (APEC) clones have been associated with increased economic losses 
caused by avian colibacillosis. They may represent an additional food consumption concern due to the potential zoonotic 
role causing urinary tract infections mainly related to E. coli ST73 and ST95 lineages. This study aimed to characterize 
APEC isolated from slaughterhouse carcasses presenting lesions compatible with avian colibacillosis. We analyzed about 
6500 broilers carcasses, and 48 showed lesions consistent with colibacillosis. Forty-four strains of E. coli were isolated, 
with 77.27% (n = 34/44) classified as APEC. The isolates belonged to the phylogenetic groups B2 (41.17%, n = 14/34), G 
(20.59%, n = 7/34), A (17.65%, n = 6/34), B1 (8.82%, n = 3/34), and E (5.88%, n = 2/34). Determining the phylogenetic 
group of 5.88% (n = 2/34) of the strains was impossible. Moreover, 20.59% (n = 7/34) were positive to the clonal groups 
ST117, 8.82% (n = 3/34) to ST95, and 8.82% (n = 3/34) were classified as belonging to serogroup O78 by PCR screening. 
Strains of APEC from O78 serogroup and ST117 are considered high-risk clones for poultry, and our data reinforced the 
need for surveillance of these pathogens in poultry farms and slaughterhouses.
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Introduction

Colibacillosis can be associated with opportunistic infec-
tion by commensal strains due to improper management of 
the poultry environment. Still, it can also occur as a pri-
mary disease when the birds are infected by strains of Avian 
pathogenic Escherichia coli (APEC). Avian colibacillosis 
leads to significant economic losses due to high carcass con-
demnation rates and the cost of treatment [1, 2]. The most 
common injuries related to carcass condemnation are peri-
carditis, perihepatitis, airsacculitis, and cellulitis [3].

APEC belongs to the extra-intestinal E. coli (ExPEC) 
pathotype presenting a population with a wide variety of 
genotypes [2]. There are no definitive specific virulence 
markers for diagnostic purposes to classify APEC, but some 
protocols have been proposed for differentiating between 

commensal strains and virulent lineages. Johnson and 
collaborators [4] described a quick tool for the classifica-
tion of APEC related to the presence of minimum predic-
tive virulence factors, namely, iroN, ompT, hlyF, iss, and 
iutA, encoding for salmochellin receptor, outer membrane 
protease, putative avian hemolysin, serum resistance, and 
presence of aerobactin, respectively. The determination of 
serogroups, based on the serologic or molecular detection of 
the somatic antigen O, can also be helpful for the identifica-
tion of high-risk strains since most colibacillosis outbreaks 
are frequently related to serogroups O78, O2, and O1 [5–7].

Furthermore, E. coli can also be classified into phyloge-
netic groups and sequence types (ST). Clermont and col-
laborators [8] described seven different phylogenetic groups 
according to the presence of the genes arpA, chuA, yjaA, 
and TspE4.C2, which define the phylogenetic groups (A, 
B1, B2, C, D, E, and F). A new phylogenetic group, named 
G, was described by Clermont and collaborators [9], which 
includes both virulent and resistant lineages characterized 
by the presence of the ybgD gene, coding for a putative fim-
brial protein.

Significant relationships exist between the phylogenetic 
groups and multi-locus sequence typing (MLST), a typing 
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method for ST determination based on seven housekeeping 
genes and fumC, gyrB, icd, mdh, purA, and recA [10]. The G 
group is often related to ST117 and may, to a lesser extent, 
be related to ST657, ST454, ST738, and ST174 [9].

APEC can be classified as a high-risk clone or clonal 
complex, with the ability to colonize, persist, and spread 
antimicrobial resistance determinants and increase patho-
genicity. APEC ST131, ST23, ST428, ST355, and ST117 
are high-risk clones [11]. Some additional lineages of 
APEC can also be related to the zoonotic-related ExPEC 
clonal groups ST73 and ST95, suggesting that APEC 
could play a role in human urinary tract infection and 
sepsis [12, 13].

Although sequence type is considered the main pre-
dictor of bird or human infection risk, the MLST only be 
performed by partial or total genome sequencing. How-
ever, these tools still need to be available as a routine 
diagnostic at avian diseases laboratory in Brazil, result-
ing in a lack of epidemiologic data. Some protocols have 
been using specifics primers for screening the high-risk 
clones by the polymerase chain reaction (PCR), allow-
ing the generation of diagnostic data quickly and with 
a lower cost, although with less precision compared to 
the standard gold techniques, such as the whole genome 
sequencing (WGS) [6, 14, 15].

This study aimed to characterize APEC isolated from 
carcasses with lesions compatible with colibacillosis in a 
slaughterhouse in São Paulo, Brazil, and make a screening 
of high-risk clones by PCR.

Material and methods

Sample collection and processing

This research was conducted in a poultry slaughterhouse 
under the authority of the Federal Inspection Service in 
São Paulo, Brazil. We analyzed about 6500 carcasses, 
and 48 samples from condemned carcasses due to lesions 
compatible with colibacillosis were collected in Septem-
ber 2019. As described in Table 1, the lesions included 
cellulitis, perihepatitis, airsacculitis, carcass condemna-
tion triad (airsacculitis, perihepatitis, and pericarditis), 
salpingitis, fibrinous pneumonia, ascites, and abscess. 
The samples were collected with a sterile swab stored in 
a transport medium, sent to the Avian Medicine Labora-
tory of the School of Veterinary Medicine and Animal 
Sciences of the University of São Paulo (FMVZ-USP), 
streaked in MacConkey agar (Difco, Detroit, MI), and 
incubated at 37 °C for 24 h. Identification was per-
formed by matrix-assisted laser ionization and desorption 
(MALDI-TOF MS). The DNA used for PCR was extracted 
by boiling at 115 °C for 20 min.

Determination of APEC

APEC identification was performed by the pentaplex PCR 
method, detecting minimal predictive factors, iroN, ompT, 
hlyF, iss, and iutA genes, according to the method described 
by Johnson and collaborators [4]. The primers used are 
described in Table 2. APEC was determined by a minimum 
of three or more virulence genes. Amplification conditions 
consisted of 95 °C for 15 min, followed by 34 cycles of 
denaturation at 95 °C for 30 s, an annealing cycle at 60 °C 
for 30 s, an extension cycle at 72 °C for 60 s, and a final 
extension cycle at 72 °C for 5 min. Amplicons were visu-
alized under an ultraviolet light transilluminator in a 1.5% 
agarose gel electrophoresis.

Determination of the phylogenetic group

The determination of the phylogenetic group of the strains 
classified as APEC was performed according to Clermont 
and collaborators [8], consisting of a quadruplex PCR (chuA, 
TspE4.C2, yjaA, and arpA) classifying the strains into one 
of the seven phylogenetic groups (A, B1, B2, C, D, E, or 
F). The B2 and F strains were also subjected to PCR to 
detect the cfaB and ybgD genes, classifying the group G, 
as described by Clermont and collaborators [9]. Amplifica-
tion was performed under the following conditions: 95 °C 
for 15 min, followed by 34 cycles of denaturation at 95 °C 
for 30 s, an annealing cycle at 59 °C for 30 s, an extension 
cycle at 72 °C for 60 s, and a final extension cycle at 72 °C 
for 5 min. Primers and visualization followed the previously 
described methods.

Determination of ST73, ST95, and ST117

ST117, ST95, and ST73 were determined using a uniplex 
PCR for each group. The primers used are described in 

Table 1   Lesions observed in condemned carcasses in a slaughter-
house, São Paulo, Brazil, 2019

Lesion N° of carcass

Cellulitis 25
Perihepatitis 8
Airsacculitis, perihepatitis, and pericarditis 5
Airsacculitis 3
Ascites 2
Abscess 2
Pneumonia 2
Salpingitis 1
Total 48
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Table 2. Amplification was performed under the following 
conditions: 95 °C for 15 min, followed by 34 cycles of dena-
turation at 95 °C for 30 s, an annealing cycle at 56 °C for 30 
s, an extension cycle at 72 °C for 60 s, and a final extension 
cycle at 72 °C for 5min. Primers and visualization followed 
the previously described methods.

Serogroup O78

The serogroup O78 of APEC was determined using a uni-
plex PCR according to the methodology described by Liu 
and collaborators [15]. The primers used are described in 
Table 2. Amplification was performed under the following 
conditions: 95 °C for 15 min, followed by 34 cycles of dena-
turation at 95 °C for 30 s, annealing at 53 °C for 30 s, exten-
sion at 72 °C for 60 s, and a final extension cycle at 72 °C 
for 5 min. Primers and visualization followed the previously 
described methods.

Results

Forty-four strains of E. coli were isolated, and 77.27% 
(34/44) were classified as APEC. The phylogenetic analy-
sis showed that 41.17% (14/34) belonged to the phylo-
genetic group B2, 20.55% (7/34) were classified as G, 
17.65% (6/34) as A, 8.82% (3/34) as B1, and 5.88% (2/34) 
as E. It was not possible to determine the phylogenetic 
group of 5.88% (n = 2/34) of the strains by the Clermont 
typing [8, 9].

ST screening evaluation showed that 20.59% (n = 7/34) 
strains were classified as ST117, and 8.82% (n = 3/34) 
were ST95. No ST73 strains were found.

Regarding the serogroup, 8.82% (n = 3/34) were clas-
sified as O78, with 66.67% (n = 2/3) strains belonging 
to phylogroup G and 33.33% (n = 1/3) belonging to B2. 
The distribution of phylogenetic groups of different lin-
eages and serogroups is described in Table 3.

Table 2   Primers used for 
PCR amplification of genes 
associated with virulence, 
phylogroup, sequence type, and 
serogroup

Gene Sequence (5’ – 3’) Amplicon (pb) Reference

ompT TCA​TCC​CGG​AAG​CCT​CCC​TCA​CTA​CTAT​ 496 [4]
TAG​CGT​TTG​CTG​CAC​TGG​CTT​CTG​ATAC​

iss CAG​CAA​CCC​GAA​CCA​CTT​GATG​ 323 [4]
AGC​ATT​GCC​AGA​GCG​GCA​GAA​

iroN AAT​CCG​GCA​AAG​AGA​CGA​ACC​GCC​T 55 [4]
GTT​CGG​GCA​ACC​CCT​GCT​TTG​ACT​TT

hlyF GGC​CAC​AGT​CGT​TTA​GGG​TGC​TTA​CC 450 [4]
GGC​GGT​TTA​GGC​ATT​CCG​ATA​CTC​AG

iutA GGC​TGG​ACA​TCA​TGG​GAA​CTGG​ 302 [4]
CGT​CGG​GAA​CGG​GTA​GAA​TCG​

arpA AAC​GCT​ATT​CGC​CAG​CTT​GC 400 [8]
TCT​CCC​CAT​ACC​GTA​CGC​TA

chuA GAC​GAA​CCA​ACG​TCA​GGA​ 288 [8]
TGC​CGC​CAG​TAC​CAA​AGA​CA

yjaA CAA​ACG​TGA​AGT​GTC​AGG​AG 211 [8]
AAT​GCG​TTC​CTC​AAC​CTG​TG

TspE4.C2 GAG​TAA​TGT​CGG​GGC​ATT​CA 152 [8]
CGC​GCC​AAC​AAA​GTA​TTA​CG

cfaB CTA​ACG​TTG​ATG​CTG​CTC​TG 384 [9]
TGC​TAA​CTA​CGC​CAC​GGT​AG

ybgD TAT​GCG​GCT​GAT​GAA​GGA​TC 177 [9]
TAT​GCG​GCT​GAT​GAA​GGA​TC

ST73 TGG​TTT​TAC​CAT​TTT​GTC​GGA​ 490 [14]
GGA​AAT​CGT​TGA​TGT​TGG​CT

ST95 ACT​AAT​CAG​GAT​GGC​GAG​AC 200 [14]
ATC​ACG​CCC​ATT​AAT​CCA​GT

ST117 ACC​TTG​TGA​AAT​TAG​AGA​GAC​ 360 [6]
CTC​TTT​ATC​ATT​GCT​CAT​CCA​CAT​T

O78 GGT​ATG​GGT​TTG​GTG​GTA​ 992 [15]
AGA​ATC​ACA​ACT​CTC​GGC​A
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Discussion

Colibacillosis is one of the most important bacterial dis-
eases in the poultry industry because it is exceedingly dif-
ficult to prevent infections. For many decades, colibacillo-
sis was controlled by adding antibiotics as a food additive. 
Nowadays, growth promoters are banned, and the challenges 
regarding husbandry in the industry are complex, particu-
larly in Brazil, one of the biggest producers and exporters 
of poultry products in the world. Here, we evaluated the fre-
quency of APEC in carcasses with common lesions related 
to colibacillosis in a Brazilian slaughterhouse and identified 
that 77.27% of strains were classified as APEC.

The frequency of APEC isolation described in this study 
(77.27%) was intermediate to the frequency (90%, n = 45/50) 
defined by Subedi and collaborators [16] in broilers with sus-
pected colibacillosis in Nepal between 2016 and 2017, and the 
frequency (57.25%, n = 79/138) described by De Carli and 
collaborators [17] in breeders, broilers and turkeys with sus-
pected colibacillosis in Brazil, between 2010 and 2011, sug-
gesting regional and temporal variations of APEC isolation.

Although seasonal and geographic variations exist, the 
average carcass condemnation rate for colibacillosis in Bra-
zil is usually less than 0.5%. However, between 2020 and 
2021, the carcass condemnation increased by about forty 
times in Paraná, Brazil. Some hypotheses for this increase 
include the circulation of a new variant of the avian coro-
navirus in Brazil, for which commercial bronchitis infec-
tious vaccine protection has not been proven, in addition 
to the local emergence of high-risk APEC strains detected 
by our group in 2018 [18]. So, the economic losses caused 
by the emergence of APEC and avian bronchitis infectious 
virus aroused great concern in other Brazilian states and 
highlighted the need to improve the diagnosis of high-risk 
APEC. We analyzed about 6500 carcasses, and 48 (±0,73%) 
were sampled due to macroscopic lesions. However, 77.2% 
of strains were considered virulent by the presence of mini-
mal predictive virulence genes, as Johnson and collaborators 
(2008) described.

APEC is considered the more heterogeneous category 
of ExPEC pathotypes, and the characterization of agents 

involves a set of diagnostic tools ranging from evaluating 
virulence genes present in ColV plasmid, serogroup, and 
phylogroups [1]. Pires-dos-Santos and collaborators [19] 
reported a high frequency of phylogroup B2-APEC (52.9%, 
n = 36/68) in broiler breeders with salpingitis and perito-
nitis. The authors also demonstrate a relationship between 
APEC from the phylogenetic group B2 and ST95. The phy-
logroup B2 was the most predominant in our study, with a 
frequency of 41.17%. Here, we identified 3/34 ST95 APEC, 
positive for the virulent profile (ompT, iss, iroN, hlyF, iutA) 
(Table 3). Mehat and collaborators [20] mention that strains 
from lineages B2-ST95, serogroup O2 or O1, must be con-
sidered primary etiological agents of colibacillosis and have 
a distinct genotype compared with strains isolated from inci-
dental or opportunistic infections in broilers. In addition, the 
authors highlighted the O78 serogroup found in the lineages 
ST23 (phylogroup C) and ST117 (phylogroup G).

Johnson and collaborators [6] described a relationship 
between the G group and ST117, also observed in this study. 
The phylogroup G is the second-most prevalent in our inves-
tigation, and ST117 represented 20.59% of APEC. However, 
only 2/34 isolates belonged to the O78 serogroup, suggesting 
the presence of other serogroups in São Paulo, Brazil. An 
outbreak of colibacillosis in 88 Nordic farms showed the 
high prevalence of ST117 O78:H4 strains. But some broil-
ers are infected by other lineages, including ST117 of the 
serotype O53:H4 [2].

Here, the frequency of serogroup O78 was 8.82%. These 
results differ from those obtained by Barbieri and collabora-
tors [21], which reported a 23% isolation frequency for the 
serogroup O78 in carcasses with colisepticemia in Brazil 
between 2007 and 2010. A similar frequency of O78 (26.2%) 
was reported by Newman and collaborators [22] in the USA. 
The high-risk clones of APEC included O78 but were also 
associated with other serogroups from lineages of ST117, 
ST95, ST131, ST23, ST428, ST428, and ST355 [6, 11, 20].

The next-generation sequencing and in silico analysis 
of APEC improved the knowledge of colibacillosis agents. 
But the use of more accessible screening PCR protocols is 
necessary and may contribute to the epidemiological studies 
because we currently have a lacune of information in Brazil. 
Here, the high frequency of APEC in broilers carcass in São 
Paulo and strains from B2-ST95 and G-ST117 present the 
current challenge for the poultry industry and reinforce the 
need to adopt new strategies for specific control and surveil-
lance of these high-risk clones circulating in Brazil.
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Table 3   Phylogenetic group, sequence type screening, and virulence 
profile of APEC isolated from broilers with colibacillosis, São Paulo, 
Brazil, 2019

Phylogenetic 
group

Sequence type screen-
ing (n° of strains)

Virulence profile

G ST117 (3) ompT, iss, iroN, hlyF, iutA
ST117 (3) iss, iroN, hlyF, iutA
ST117 (1) iroN, hlyF, iutA

B2 ST95 (3) ompT, iss, iroN, hlyF, iutA
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