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  ABSTRACT   Salmonella Heidelberg is one of the 3 most 
frequently isolated serovars from human Salmonella cas-
es in Canada, and the fourth most commonly reported 
Salmonella serovar in human foodborne disease cases in 
the United States. Since 1962, Salmonella Heidelberg 
has been isolated and reported in poultry and poultry 
products in Brazil. The poultry industry has focused ef-
forts on reducing salmonellae incidence in live produc-
tion in an effort to reduce Salmonella in the processing 
plant. A better understanding of the initial infection in 
chicks could provide approaches to control Salmonella
contamination. The objective of the present study was 
to evaluate 2 Salmonella Heidelberg strains that dif-

fered in the presence of virulence genes invA, agfA, and 
lpfA; antimicrobial resistance profiles; and epidemio-
logic profiles on aspects of pathogenicity and intestinal 
morphology. Newly hatched broiler chicks were inocu-
lated with 2 strains (SH23 and SH35) of Salmonella
Heidelberg and cecal morphometry, histopathology, 
electron microscopy, and bacterial counts in the liver 
and cecum were assessed. The SH23 and SH35 strains 
resulted in different changes in villi height and crypt 
depth and inflammatory cell infiltration in the cecum. 
The SH35 group had higher liver and cecum bacterial 
cell counts when compared with SH23 strains. 
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  INTRODUCTION 
Salmonella enterica serovar Heidelberg is one of the 

top 3 serovars most frequently isolated from human 
Salmonella cases in Canada and the fourth most com-
mon Salmonella serovar reported in human foodborne 
disease cases in the United States. In human cases, eggs 
and poultry were identified as the major sources of this 
serovar. Salmonella Heidelberg appears to be more 
invasive in humans than other nontyphoidal serovars 
(Chittick et al., 2006; PHAC, 2006). 

Salmonella Heidelberg has been isolated and reported 
from poultry and poultry products since 1962 in Brazil 
(Hofer et al., 1997). A study conducted in Southern 
Brazil in 1996 determined the prevalence of Salmonella

in chicken carcasses and parts as 15.1 and 26.1%, re-
spectively. The Heidelberg serovar was isolated from 
11% of the samples (Nascimento et al., 1996). In 3 dif-
ferent slaughterhouses in Southern Brazil, carcasses 
analyzed before and after chilling showed positive rates 
for Salmonella of 31.7 and 20%, respectively. In these 
carcasses, 63.9% of the salmonellas were identified as 
Heidelberg serovar (Dickel, 2004). Another study also 
conducted in Southern Brazil analyzed 180 refrigerated 
carcasses, with 32% positive for Enteritidis and 9% for 
Heidelberg (Borsoi et al., 2006). 

  Due to carcass contamination, the poultry industry 
has focused on reducing the salmonellae incidence in 
live production, in an effort to further reduce Salmo-
nella in the processing plant. In live production, para-
typhoid salmonellae can cause clinical disease, which 
results in economic losses (Barrow, 1993). Bacterial 
enteritis in newly hatched chicks caused by salmonel-
lae can result in intestinal damage, which is one of the 
principal factors that affects the development of the in-
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testinal mucosa, and this can result in reduced growth, 
reduced weight gain, poor feed conversion rates, and 
delayed maturation of the innate immune system (Ito 
et al., 2007). The objective of the present study was 
to evaluate the aspects of pathogenicity and intestinal 
morphology of 2 Salmonella Heidelberg strains that dif-
fered in virulence genes invA, agfA, and lpfA; antimi-
crobial resistance profiles; and epidemiologic profiles.

MATERIALS AND METHODS

Bacterial Strains
The sixty-five strains of Salmonella Heidelberg used 

in the genotyping assays in this study were isolated 
between 1995 and 2004 in Southern and Southeastern 
Brazil (Table 1). All strains were antigenically iden-
tified (Kaufmann-White system) by the Institute Os-
waldo Cruz (FIOCRUZ, Rio de Janeiro, Brazil). Sal-
monella Enteritidis ATCC 1980 and Escherichia coli 
ATCC 25922 were used as positive and negative PCR 
controls, respectively.

Antimicrobial Susceptibility Test

The antimicrobial susceptibility test was performed 
by the disk diffusion method on Müller-Hinton agar 
(Merck, Darmstadt, Germany), described by Bauer et 
al. (1966). The antimicrobial agents used were amoxi-
cillin (30 μg), ampicillin (32 μg), ceftiofur (8 μg), cip-
rofloxacin (5 μg), sulfadiazine (25 μg), doxycycline (30 
μg), streptomycin (64 μg), gentamicin (10 μg), nor-
floxacin (10 μg), and tetracycline (16 μg; Cecon, São 
Paulo, Brazil).

DNA Extraction with Thermal Treatment

Bacterial strains were retrieved from frozen stock cul-
tures and grown overnight at 37°C in brain heart infusion 
(BHI) broth (Difco, Franklin Lakes, NJ). One milliliter 
of bacterial culture was centrifuged at 12,000 × g for 
2 min (5415C Microcentrifuge, Eppendorf, Hamburg, 
Germany) and the supernatant was discarded. The pel-
let was suspended in 800 μL of sterile distilled water 
and the resulting mixture was centrifuged at 12,000 × 
g for 2 min. The pellet was again suspended in 200 μL 
of sterile distilled water. The sample was placed on a 
thermal block (Multi-Block Heater, Baxter, Deerfield, 
IL) at 95°C for 10 min. The mixture was centrifuged 
as described above and the supernatant was used as a 
template for PCR (adapted from Guo et al., 2000).

Primers
The sets of primer pairs used in the PCR assay were: 

invA (284 bp) forward (F) 5′gtgaaattatcgccacgttcg-
ggcaa3′ reverse (R) 5′tcatcgcaccgtcaaaggaacc3′ and 
sefA (488 bp) F 5′gatactgctgaacgtagaagg3′ R 5′gcg-

taaatcaggatctgcagtagc3′ (Oliveira et al., 2002), lpfA 
(250 bp) F 5′ctttcgctgctgaatctggt3′ R 5′cagtgttaacaga
aaccagt3′(Bäumler and Heffron, 1995), and agfA (350 
bp) F 5′tccacaatggggcggcggcg3′ R 5′cctgacgcaccattac
gctg3′(Collinson et al., 1992). Primers were obtained 
from Invitrogen Custom Primers, São Paulo, Brazil. 
Access numbers for the sequence data are, respectively: 
M90846, L11008, U18599, and U43280.

PCR Assay
Polymerase chain reaction amplifications were per-

formed in a final volume of 25 μL with 2 or 5 μL of 
DNA template. For duplex detection of invA and sefA, 
the PCR reaction contained 5 μL of DNA template, 
12.5 μL of reaction buffer mix 10× (10 mM Tris-HCl 
pH 9.0; 50 mM KCl), 2.0 μL of deoxynucleoside triphos-
phate mix (250 mM), and 3.0 mM of MgCl2, 1.75 U of 
Taq DNA polymerase (Invitrogen, Carlsbad, CA), and 
0.05 μL of each primer (20 pmol). The cycling pro-
gram was set in a Perkin-Elmer Gen Amp PCR System 
2400 thermocycler (Perkin Elmer Cetus, Norwalk, CT). 
Samples were denatured at 94°C for 5 min. Thirty-five 
cycles of amplification were run for 1 s at 94°C, 1 s 
at 55°C, and 21 s at 74°C, with the final extension at 
72°C for 7 min. Electrophoresis through 1.2% agarose 
gel (with the addition of 20% of ethidium bromide) 
was performed on 10 microliter aliquots of the reac-
tion mixtures, with a 100-bp DNA ladder (Cenbiot, Rio 
Grande do Sul, Brazil), as a molecular weight marker. 
Fragments were transilluminated with UV light. For 
the lpfA gene, the PCR reaction contained 2 μL of 
DNA template, 2.5 μL of reaction buffer 10× (10 mM 
Tris-HCl pH 9.0; 50 mM KCl), 2.0 μL of deoxynucleo-
side triphosphate mix (250 mM), and 2.0 mM of MgCl2, 
1 U of Taq DNA polymerase (Invitrogen), and 1.0 μL 
of each primer (20 pmol). The assay was run under the 
same conditions as described above. For the agfA PCR, 
the annealing temperature was 58°C, and all the other 
assay conditions were exactly the same as for the lpfA.

Pulsed Field Gel Electrophoresis Assay
Pulsed field gel electrophoresis (PFGE) was per-

formed according to the US PulseNet protocol (CDC, 
2000). Chromosomal DNA was digested with 30 U of 
XbaI (Amersham Bioscience, Piscataway, NJ), accord-
ing to the instructions of the manufacturer. Restriction 
DNA fragments were separated using the CHEF DRIII 
(Bio-Rad, Hercules, CA). Electrophoresis was conduct-
ed for 18 h (initial switch time: 2.20 s; final switch time: 
54.2 s) at 6 V/cm and 13°C in 0.5× Tris-boric acid-ED-
TA buffer. The PFGE profiles were visually compared 
and strains were grouped by genetic profiles. Gels were 
stained with 1 mg of ethidium bromide·ml−1, trans- 
illuminated with UV light, and the images were digital-
ly captured using a Kodak EDAS120 system (Eastman 
Kodak Co., Rochester, NY). Profile correlations were 
evaluated with restriction fragment migration profiles 
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Table 1. Sixty-five Salmonella Heidelberg (SH) samples and the sources, isolation year, antimicrobial 
profile, pulsed field gel electrophoresis (PFGE) patterns, and gene profile 

Sample  
(SH) Source

Isolation  
year

PFGE  
pattern

Antimicrobial  
profile1 Gene profile

1 Cloacal swab 2003 A1 DOX invA, agfA, lpfA
2 Broiler carcass 2003 A1 — invA, agfA, lpfA
3 Broiler carcass 2003 A1 — invA, agfA, lpfA
4 Cloacal swab 2003 A1 DOX invA, agfA, lpfA
11 Broiler carcass 2003 A1 DOX invA, agfA, lpfA
15 Broiler carcass 1995 A1 CEF, DOX, STR invA, agfA, lpfA
16 Broiler carcass 1995 A1 TET invA, agfA, lpfA
17 Broiler carcass 1995 A1 — invA, agfA, lpfA
19 Broiler carcass 1995 A1 — invA, agfA, lpfA
21 Broiler carcass 1995 A1 — invA, agfA, lpfA
27 Cloacal swab 2005 A1 — invA, agfA, lpfA
28 Cloacal swab 2005 A1 CEF, DOX invA, agfA, lpfA
31 Broiler carcass 1995 A1 — invA, agfA, lpfA
32 Broiler carcass 1995 A1 — invA, agfA, lpfA
33 Broiler carcass 1995 A1 STR invA, agfA, lpfA
34 Broiler carcass 1995 A1 DOX, STR, TET invA, agfA, lpfA
65 Broiler carcass 2006 A1 — invA, agfA, lpfA
23 Broiler carcass 1996 A1 CEF invA, lpfA
6 Broiler carcass 2003 A2 — invA, agfA, lpfA
7 Broiler carcass 2003 A2 — invA, agfA, lpfA
8 Broiler carcass 2003 A2 — invA, agfA, lpfA
9 Broiler carcass 2003 A2 — invA, agfA, lpfA
10 Broiler carcass 2003 A2 — invA, agfA, lpfA
12 Broiler carcass 2003 A2 — invA, agfA, lpfA
13 Broiler carcass 2003 A2 — invA, agfA, lpfA
14 Broiler carcass 2003 A2 — invA, agfA, lpfA
18 Broiler carcass 1995 A2 — invA, agfA, lpfA
20 Broiler carcass 1995 A2 — invA, agfA, lpfA
22 Broiler carcass 1995 A2 — invA, agfA, lpfA
24 Broiler carcass 1995 A2 — invA, agfA, lpfA
25 Broiler carcass 2004 A2 — invA, agfA, lpfA
26 Broiler carcass 2004 A2 — invA, agfA, lpfA
29 Broiler carcass 1995 A2 DOX invA, agfA, lpfA
36 Broiler carcass 1995 A2 AMO, STR invA, agfA, lpfA
37 Broiler carcass 1995 A2 — invA, lpfA
38 Cloacal swab 2006 A2 — invA, agfA, lpfA
39 Cloacal swab 2006 A2 AMO, AMP invA, agfA, lpfA
40 Drag swab 2006 A2 — invA, agfA, lpfA
41 Broiler carcass 2006 A2 — invA, lpfA
42 Broiler carcass 2006 A2 — invA, agfA, lpfA
43 Drag swab 2006 A2 — invA, agfA, lpfA
44 Cloacal swab 2006 A2 — invA, agfA, lpfA
45 Broiler carcass 2006 A2 — invA, agfA, lpfA
47 Cloacal swab 2006 A2 AMO, AMP, CEF invA, agfA, lpfA
48 Broiler carcass 2006 A2 — invA, agfA, lpfA
49 Broiler carcass 2006 A2 — invA, agfA, lpfA
50 Cloacal swab 2006 A2 — invA, agfA, lpfA
51 Broiler carcass 2006 A2 — invA, agfA, lpfA
52 Drag swab 2006 A2 — invA, agfA, lpfA
53 Broiler carcass 2006 A2 — invA, agfA, lpfA
54 Broiler carcass 2006 A2 TET invA, agfA, lpfA
55 Broiler carcass 2006 A2 — invA, agfA, lpfA
56 Broiler carcass 2006 A2 — invA, agfA, lpfA
57 Broiler carcass 2006 A2 — invA, agfA, lpfA
58 Cloacal swab 2006 A2 — invA, agfA, lpfA
59 Broiler carcass 2006 A2 — invA, agfA, lpfA
60 Cloacal swab 2006 A2 — invA, agfA, lpfA
61 Broiler carcass 2006 A2 — invA, agfA, lpfA
62 Cloacal swab 2006 A2 — invA, agfA, lpfA
63 Cloacal swab 2006 A2 — invA, agfA, lpfA
64 Drag swab 2006 A2 CEF invA, agfA, lpfA
46 Drag swab 2006 A3 AMP, CEF invA, agfA, lpfA
5 Broiler carcass 2003 A3 DOX invA, agfA, lpfA
30 Broiler carcass 1995 A4 DOX invA, agfA, lpfA
35 Broiler carcass 1995 A4 CEF, DOX invA, agfA, lpfA

1DOX = doxycycline; STR = streptomycin; TET = tetracycline; CEF = ceftiofur; AMO = amoxicillin; AMP 
= ampicillin; — = no resistance found.
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and compared by using the Bionumerics program (Ap-
plied Maths, Kortrijk, Belgium).

Chicks
For the in vivo assays, 168 newly hatched commercial 

Ross chicks were used, obtained from a Brazilian poul-
try company. All chicks were Salmonella-free, hatched 
from breeders unvaccinated against salmonellae, and 
were housed in battery cages. Water and feed free from 
antibiotics and animal protein were offered ad libitum 
and the environmental temperature was set to provide 
physiological comfort.

Bacteria Preparation to Inoculation
Two strains of Salmonella Heidelberg (SH23 and 

SH35) were selected among the 65 strains previously 
analyzed by PCR and PFGE (Table 1). The 2 samples 
were isolated from broiler carcasses in Southern Bra-
zil, in 1996 and 1995, respectively. The organisms were 
retrieved from frozen cultures and cultured overnight 
at 37°C in BHI broth (Merck). The culture was then 
streaked on xylose-lysine-deoxycholate (XLD) agar 
(Difco) and incubated at 37°C for 24 h. Five colony-
forming units were selected and transferred to BHI 
broth and incubated at 37°C for 24 h. The colony-form-
ing units were determined by 10-fold dilutions in buff-
ered peptone water 0.1% (BPW, Oxoid, Hampshire, 
UK) and streaked on XLD agar. The 108 cfu/mL sus-
pension was selected for inoculation.

Experimental Design with Birds
One hundred sixty-eight broiler chicks were divided 

in 3 groups identified as control, SH23, and SH35. Two 
groups were inoculated orally with 1 mL containing 
108 cfu/mL of SH23 and SH35, respectively, whereas 
the control group was inoculated with a saline solution. 
Eight chicks per group were killed by cervical disloca-
tion at 6, 12, 18, 24, 36, 48, and 72 h postinoculation 
(pi). At necropsy, the cecum and the liver were collect-
ed for bacteriological counting of Salmonella. Cecum 
samples were collected 3 cm from the colon for histo-
logical evaluation by scanning electron microscopy. The 
trial was conducted with the approval and according 
to the recommendations of the ethics committee of the 
School of Veterinary Medicine, Federal University of 
Paraná.

Bacterial Isolation
Two organ pools (1 pool containing liver samples and 

another containing cecum samples) from 4 birds per 
group were homogenized in BPW 2% (10 times the vol-
ume of the weight of organs). Buffered peptone water 
cultures were diluted 10-fold in BPW 0.1% up to 10−3 
and then streaked in duplicate on XLD agar plates, 
incubated for 24 h at 37°C, and then submitted to col-

ony-forming units counting (adapted from Desmidt et 
al., 1998). All of the organ samples were also incubated 
for 16 to 18 h at 37°C. One hundred microliters from 
each BPW were inoculated in 10 mL of Rappaport-
Vassiliadis broth (Merck) and maintained at 42°C for 
24 h. The Rappaport-Vassiliadis samples were streaked 
on XLD (24 h at 37°C). The Salmonella colony-forming 
units were counted and the results expressed according 
to the Plate Count Proceedings recommended by the 
Normative Instruction No. 6 from the Brazilian Minis-
try of Livestock and Food Supply (MAPA, 2003). One 
typical colony per plate was biochemically and anti-
genically screened to confirm Salmonella identification.

Histological Examination, Intestinal 
Morphology, and Electron Microscopy

Cecum samples were fixed in a 4% phosphate-buff-
ered formaldehyde solution, paraffin-embedded, and 
5-μm sections were stained with hematoxylin and eosin. 
The samples were analyzed for the presence of inflam-
matory cell infiltration and for intestinal morphology. 
Microscopic fields with presence of inflammatory cell 
infiltration were quantified with an Olympus BX41 mi-
croscope with a magnification 40× (Olympus America 
Inc., Hauppauge, NY).

Villus height and crypt depth were measured in the 
cecum samples processed for histological examination. 
Villus height was measured from the tip of the villus 
to the valley between individual villi, and crypt depth 
measurements were taken from the valley between indi-
vidual villi to the basolateral membrane. Fifty villi and 
50 crypts were measured per group at each sampling 
date, with a total of 350 villi and crypts measured per 
group (Thompson and Applegate, 2006). The morpho-
metric study was carried out using an image-analyzing 
system (Motic Images Plus 2.0, Motic China Group 
Co., Hong Kong), coupled to a microscope (Olympus 
BX41 Olympus America Inc.).

The cecal sections were submitted to scanning elec-
tron microscopy analysis. These sections were processed 
as described by Maiorka et al. (2003).

Statistical Analysis
Data were submitted to variance analysis using Stat-

View SAS software (SAS Institute Inc., Cary, NC), and 
the means were compared by using Tukey’s t-test at a 
5% significance level (P < 0.05).

RESULTS

Samples of Salmonella Heidelberg  
and PCR, PFGE, and Antimicrobial 
Resistance Profiles

Sixty-five Salmonella Heidelberg samples were sub-
mitted to PCR and PFGE assays to identify the dif-
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ferences between these strains. Figure 1 shows 4 PFGE 
patterns from these samples. Among the patterns, A1 
and A3 had 1 additional band when compared with A2 
and A4 patterns, and among the 4 patterns, each one 
had at least 1 different band size. The 2 strains selected 
for inoculation belonged to the A1 and A4 patterns. 
Table 1 shows the profiles of the genes (invA, agfA, and 
lpfA) and the antimicrobial resistance patterns of these 
samples. In the present work, only 5 isolates (SH15, 
23, 28, 35, and 64) out of 65 isolates tested were re-
sistant to ceftiofur, found in samples taken from the 
carcasses, cloacal swabs, and drag swabs. According to 
the PCR results, 3 samples expressed the invA and 
lpfA genes and 62 samples expressed the invA, agfA, 
and lpfA genes. The strains SH23 and SH35 were differ-
ent, according to the PFGE patterns and gene profiles. 
The agfA gene was present in sample SH35 but absent 
in the sample SH23. All SH samples were negative for 
the sefA gene, and the Salmonella Enteritidis used as a 
control was positive.

Salmonella Heidelberg Quantification  
in Tissues and Intestinal Villi Height  
and Crypt Depth

Quantification of Salmonella per gram of cecum and 
liver, villus height, crypt depth, and villus height:crypt 
depth ratio were analyzed in 7 occasions during the 72-h 
pi period for 2 different Salmonella Heidelberg strains 
(SH23 and SH35), selected by molecular assays. The 
control group was not infected by Salmonella. From 6 
h postinfection on, both strains were present in cecum 
and liver samples.

The SH35 strain resulted in higher counts (cfu/g) at 
12 h postinfection in the cecum, and at 36 h postinfec-
tion in the liver (Table 2), when compared with the 
SH23 strain. The overall count of colony-forming units 
per gram of tissue in these 7 periods was higher for the 
SH35 strain in the cecum and the liver than for the 
SH23 strain (cecum means for SH23 and SH35 were 
3.11 and 3.35 log10 and liver means were 1.13 and 1.26 
log10, respectively).

The cecal villi height and crypt depth are presented 
in Tables 3 and 4 in chicks challenged with SH23 and 
SH35. The effects of these challenges on villus height 
are present in Table 3. At 6 h pi, the villus height was 
significantly decreased in the SH35-challenged birds 
compared with the control group, and the SH23-chal-
lenged birds were intermediate. At 12 h pi, there was 
no significant difference between the villus heights of 
the challenged birds compared with the control. At 18 
h pi, the SH23-challenged birds had significantly de-
creased villus height compared with the controls and 
the SH35-challenged birds. At 24 h postchallenge, the 
villus height was significantly higher from the control 
group in both SH23- and SH35-challenged birds, and 
the SH35-challenged birds had villus heights that were 
significantly higher than the SH23-challenged birds. 
Again, at 36 h postchallenge, the SH23 and SH35 villi 
were higher than the control group; however, at this 
time period, the SH23-challenged birds had the highest 
villus height compared with both the control and the 
SH35-challenged birds. At 48 and 72 h postchallenge, 
the villus height was significantly higher in the SH35-
challenged birds compared with both the controls and 
the SH23-challenged birds.

Figure 1. Dendrogram of Salmonella Heidelberg with 4 patterns generated by pulsed field gel electrophoresis using the restriction enzyme 
XbaI.

Table 2. Number of Salmonella Heidelberg (SH23 and SH35) per gram of ceca and liver tissue1 

Period  
postinoculation (h)

Control ceca 
(cfu/g)

SH23 ceca  
(cfu/g log10)

SH35 ceca  
(cfu/g log10)

Control liver 
(cfu/g)

SH23 liver  
(cfu/g log10)

SH35 liver  
(cfu/g log10)

0 — — — — — —
6 — 2.80 ± 2.98 3.11 ± 2.32 — 0.69 ± 0.00 2.69 ± 2.81
12 — 3.12 ± 0.02b 4.70 ± 0.03a — 0.69 ± 0.00 0.69 ± 0.00
18 — 2.65 ± 2.76 2.72 ± 2.85 — 2.38 ± 2.39 1.04 ± 0.49
24 — 2.19 ± 2.12 2.38 ± 2.39 — 1.04 ± 0.49 0.69 ± 0.00
36 — 3.85 ± 0.19 2.32 ± 2.29 — 0.69 ± 0.00b 1.00 ± 0.00a

48 — 2.58 ± 2.24 3.96 ± 0.70 — 1.67 ± 1.38 1.45 ± 1.06
72 — 4.48 ± 0.23 4.37 ± 0.36 — 0.69 ± 0.00 1.08 ± 0.55

a,bDifferent letters in the same line differ by Tukey test with 95% level of confidence (P < 0.05).
1Original count transformed into log10. Data are means for 8 animals collected in each period.
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The effect of these treatments on the ratio of villus 
height to crypt depth is presented in Table 4. There 
was no significant effect in the challenged birds com-
pared with the control birds on the villus height:crypt 
depth ratio at 6, 12, or 72 h postchallenge. At 18 h 
postchallenge, the villus height:crypt depth ratio was 
significantly decreased in the SH23-challenged birds 
compared with both the control and SH35-challenged 
birds. At 24 h postchallenge, the villus height:crypt 
depth ratio was significantly higher in both the SH23- 
and SH35-challenged birds compared with the control 
values, but not significantly different from each other. 
At 36 h postchallenge, the SH23-challenged birds had a 
significantly higher villus height:crypt depth ratio com-
pared with both the control and SH35-challenged birds. 
At 48 h postchallenge, the SH35-challenged birds had 
a significantly higher villus:crypt depth ratio compared 
with both the control and SH23-challenged birds.

Histopathological Analyses and Scanning 
Electron Microscopy

From the cecum preparations for histopathology used 
to measure morphometric data, 280 microscopy fields 
per group (40 fields were analyzed each time from 6 to 
72 h pi in each group) were analyzed and those with 
inflammatory cell infiltration were quantified (Table 5). 
The number of fields with inflammatory cell infiltra-
tion of the basal lamina of the cecum was higher in 
birds inoculated with SH35 when compared with SH23-
inoculated birds and control group when analyzed 6 to 

72 h pi (Table 5). Figure 2 shows the histopathological 
microscopy observation of the cecum of 72-h-old con-
trol group chicks (panel A) and 72-h-old SH35 group 
infected chicks (panel B), exemplifying inflammatory 
cell infiltration in the lamina propria. Figure 3 depicts 
the scanning electron microscopic image of the intesti-
nal mucosa of noninfected birds (panel A) and of birds 
infected with SH35 (panel B), showing areas of cellular 
extrusion.

DISCUSSION
In the present work, the 5 Salmonella Heidelberg-re-

sistant strains to ceftiofur were obtained from a variety 
of sample sites that include carcass, drag swabs, and 
cecal swabs; this demonstrates that its use in broiler 
production may cause resistance in salmonellae pres-
ent on the carcass with consequent risks to consumers. 
According to Shea (2004), ceftiofur resistance among 
Salmonella Heidelberg isolates is highly correlated 
with resistance to ampicillin, amoxicillin-clavulanic 
acid, and cefoxitin (A2C-AMP resistance pattern). It 
is also associated with reduced susceptibility (interme-
diate resistance) to ceftriaxone, another third genera-
tion cephalosporin used exclusively in humans, being 
the drug of choice for the treatment of extraintestinal 
salmonellosis in children and pregnant women. Hence, 
patients with extraintestinal infection caused by Sal-
monella Heidelberg strains with intermediate resistance 
to ceftriaxone are at risk of ceftriaxone therapy failure 
(PHAC, 2006).

Table 3. Cecal villi height (μm) in different periods postinoculation of 2 strains of Salmonella Heidel-
berg (SH23 and SH35) in chicks 0 to 3 d old 

Period  
postinocultion (h)

Villi height

Control SH23 SH35

6 209.44 ± 52.64a 197.27 ± 27.69ab 192.98 ± 43.24b

12 206.50 ± 45.18ab 199.65 ± 52.52b 222.64 ± 41.76a

18 220.00 ± 57.64a 181.11 ± 61.96b 225.60 ± 57.83a

24 192.01 ± 36.45c 231.29 ± 37.49b 247.05 ± 41.85a

36 212.17 ± 40.78c 275.88 ± 48.55a 248.37 ± 39.00b

48 251.66 ± 84.12b 229.16 ± 70.70b 290.00 ± 62.49a

72 329.48 ± 45.35b 313.05 ± 44.71b 346.71 ± 43.49a

a–cDifferent letters in the same line differ by Tukey test with 95% level of confidence (P < 0.05).

Table 4. Cecal villus height:crypt depth ratio (μm) in different periods postinoculation of 2 strains 
of Salmonella Heidelberg (SH23 and SH35) in chicks 0 to 3 d old 

Period  
postinoculation (h)

Villus:crypt

Control SH23 SH35

6 5.21 ± 2.28 5.07 ± 1.83 5.09 ± 1.56
12 6.59 ± 9.44 4.65 ± 1.43 5.21 ± 1.87
18 5.37 ± 1.72a 4.31 ± 2.30b 5.21 ± 1.70a

24 4.53 ± 1.12b 5.75 ± 1.91a 6.03 ± 1.67a

36 4.55 ± 1.33b 7.57 ± 4.65a 5.68 ± 1.58b

48 5.75 ± 2.10b 5.63 ± 2.10b 6.96 ± 2.49a

72 7.62 ± 2.36 6.70 ± 2.82 7.14 ± 2.20

a,bDifferent letters in the same line differ by Tukey test with 95% level of confidence (P < 0.05).
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Despite the different sources, regions, and years of 
isolation of the 65 Salmonella Heidelberg strains in the 
present study, only 4 PFGE patterns were generated 
with XbaI enzyme. The NotI enzyme was also tested 
(data not shown) in these samples, but it was ineffec-
tive for differentiating these strains. The 4 types ob-
tained were indistinguishable according to the catego-
ries of genetic and epidemiologic relatedness described 
by Tenover et al. (1995). In Salmonella Heidelberg iso-
lated from outbreaks in Canada, XbaI was used and 
also generated different PFGE patterns for this serovar 
(Demczuk et al., 2003). Amavisit et al. (2001) analyzed 
28 Salmonella Heidelberg samples from equines using 
the enzymes XbaI and BlnI and were able to generate 
6 and 5 digestion patterns, respectively. The selected 
genes are fimbrial, and they play an important role in 
bacterial pathogenicity because they promote bacterial 
attachment to intestinal epithelial cells (Van der Velden 
et al., 1998). The InvA gene is required for Salmonella 
to enter the host’s body via the gut epithelium and 
the lpfA gene encodes the major subunit of the long 
polar fimbriae, which mediates adhesion to the cells of 
the Peyer’s patches in a mouse model. (Ginocchio and 
Gálan, 1995; Darwin and Miller, 1999). Thin aggrega-
tive fimbriae were identified in Salmonella Enteritidis, 
whereas its operon was called agf, and the agfA gene 
encodes the major subunit. Thin aggregative fimbriae is 
essential for the synthesis of extracellular matrix, which 
is involved in multicellular aggregation, pellicle forma-
tion, biofilm formation, and environmental persistence. 
Thin aggregative fimbriae also has pathogenesis-related 
properties, in that it binds fibronectin, is proinflamma-
tory, and enhances adherence and invasion of eukary-
otic cells (Gibson et al., 2007). The PCR tests in this 
study show 2 different profiles for the selected virulence 
genes, and this was helpful to differentiate the 2 strains 
for challenge.

Disease and mortality caused by Salmonella Heidel-
berg in broiler chicks were studied by Roy et al. (2001), 
who used 4 isolates from different sources, and reported 
different lesion patterns caused by each strain. No mo-

lecular techniques were used to assess the strains, and 
the intestinal integrity was not evaluated. Our study 
focused on intestinal changes that were caused by chal-
lenge with Salmonella Heidelberg. Due to the fact that 
infection of the intestinal mucosa with enteric patho-
gens is one of the principal factors that can affect the 
development of the intestinal mucosa of the newborn, 
this can reduce growth, reduce weight gain, increase 
feed conversion, and delay the maturation of the innate 
immune system (Ito et al., 2007).

In the present study, the oral inoculation of broiler 
chicks with 2 Salmonella Heidelberg strains (SH23 and 
SH35) resulted in colonization of the cecum and trans-
location to the liver starting at 6 h pi. This also oc-
curred with Salmonella Hadar, described by Desmidt et 
al. (1998), in which the cell count in the cecum was low 
after 3 h pi but present in the liver from 6 h pi. Also 
in the present work, the strain SH23 resulted in lower 
cell counts in the liver and cecum, when compared with 
the SH35 strain (Table 2), and it may reflect the differ-
ences in the virulence gene profile and PFGE pattern. 
The present study was not able to correlate the infec-
tion level in the cecum with the one in the liver, prob-
ably because Salmonella colonization of the cecum and 
liver is mediated by different virulence systems. The 
Salmonella pathogenicity island 1 system enables these 

Figure 2. A: Histopathological microscopy of the cecum of 72-h-old control group chicks [hematoxylin and eosin (HE) 40×]. B: Histopatho-
logical microscopy of the cecum of 72-h-old SH35 group infected chicks (HE 40×), presenting inflammatory cell infiltration in the lamina propria 
(arrow).

Table 5. Microscopic fields with inflammatory cell infiltration 
from histopathological analyses in the cecum from 6 to 72 h 
postinfection1 

Group
Fields with inflammatory cell infiltration  

in the cecum (%)

Control 52/280 (18.5)c

SH23 138/280 (49.3)b

SH35 167/280 (59.6)a

a–cDifferent letters in the column mean difference with t-test.
1Chicks inoculated with 108 cfu/mL of Salmonella Heidelberg and con-

trol group without inoculation. Forty fields were observed each time from 
6 to 72 h postinoculation to each group. Microscopic quarters analyzed 
in a 40× Olympus BX41 microscope (Olympus America Inc., Haup-
pauge, NY).

BORSOI ET AL.756
D

ow
nloaded from

 https://academ
ic.oup.com

/ps/article-abstract/88/4/750/1557487 by guest on 21 D
ecem

ber 2018



bacteria to invade nonphagocytic cells and is necessary 
for adhesion and triggering invasion and penetration of 
the gastrointestinal epithelium, whereas the Salmonella 
pathogenicity island 2 system is required for systemic 
spread and the colonization of host organs (Hensel, 
2000; Marcus et al., 2000; Hansen-Wester and Hensel, 
2001; Portillo, 2001; Wigley et al., 2002).

All 3 groups in this work showed a gradual increase 
in villus height during the first 72 h of life, in agreement 
with the estimated turnover time for intestinal cells, 
ranging from 90 to 96 h (Maiorka, 2004).

According to Nabuurs (1995), under optimal circum-
stances, intestinal villi should be high and crypts should 
be shallow, resulting in a high villus height:crypt depth 
ratio. Reductions in villus height and crypt depth can 
occur due to intestinal pathogen challenge and also are 
seen after feed withdrawal (Thompson and Applegate, 
2006) and when some feed additives are fed during gro-
wout (Hancock et al., 1990; Friesen et al., 1993; Peli-
cano et al., 2007). Such changes were attributed to re-
duced cell migration and proliferation rates, along with 
increased rates of cell loss and programmed cell death, 
or apoptosis (Ferraris and Carey, 2000).

In the present study, the SH23 or SH35 groups had 
the same villus height or higher villus height than the 
control group. The high villus height:crypt depth ratio 
was found in both of the Salmonella Heidelberg treat-
ments, except at 18 h pi, when the villus height:crypt 
depth ratio to control group was higher than the SH23 
group, but did not differ from the SH35 group.

These high villus height and villus height:crypt depth 
values caused by Salmonella Heidelberg infection may 
be explained by the high numbers of immature cells in 
the crypt due to the fast turnover rate. This fact also 
was observed by Dowling (1992) when intestinal patho-
gen action was studied. Intestinal hyperplasia occurred, 
resulting in higher villi height due to the increased pro-
duction of cells both in the villus and in the crypt.

The strain SH35 resulted in the highest villus height 
value in 24, 48, and 72 h pi. These high villus height 
values may have occurred not only because of the in-

creased number of absorptive cells but also due to the 
infiltration by inflammatory cells induced by this strain 
as shown in the histological analyses (Table 5 and Fig-
ure 3).

The agfA gene presented in SH35 could have contrib-
uted to the infiltration by inflammatory cells because 
it has inflammatory properties, which could probably 
have been confirmed comparing an agfA gene deletion 
strain against the original strain.

In the present study, the Salmonella Heidelberg iso-
lates from different sources in Brazil showed different 
virulence gene profiles, antimicrobial resistance, and 
PFGE patterns. The strains SH23 and SH35 resulted 
in different effects on the gut when chicks were inocu-
lated; also, both strains had different cell counts in the 
cecum and liver. The intestinal changes resulting from 
Salmonella Heidelberg infection in chicks affect the nor-
mal intestinal physiology and may cause damage to the 
chick’s health and performance.
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