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A B S T R A C T

The vast capacity for maintenance and dissemination in the environment are major challenges for the control of
Salmonella spp. in poultry farms. The aim of this study was to assess environmental contamination by non-
typhoidal Salmonella in successive broiler flocks in nine commercial broiler farms integrated with three com-
panies in the south of Brazil, for a twelve-month production period. Recycled broiler litter, feed and swabs from
the evaporative cooling system pads were analyzed, and the total enterobacteria count in the litter samples was
ascertained. Positive broiler houses were identified in two of the three broiler companies studied, in which non-
typhoidal Salmonella were detected for the first time in the first or second flock, and recurred in the recycled
litter of subsequent flocks. Feed and evaporative cooling pad swab samples were also positive in at least one of
the assessed flocks. The majority of the isolates (87.5%) originating from different flocks, broiler houses and
companies that were sampled were identified as S. Heidelberg, with the prevalence of one single genotype. The
total enterobacteria levels in the litter diminished as the flocks progressed, but the presence of Salmonella spp.
was constant over the course of time, indicating that the litter management procedures were not capable of
interrupting the cycle of residual contamination. The predominance of S. Heidelberg highlights its emergence
and dissemination in this region, as well as its resistance and maintenance in the environment, and reinforces the
need to improve prevention and recycled litter management measures.

1. Introduction

Commercial broiler chicken production in Brazil has grown sig-
nificantly in recent decades. Today, the country is the world's second
biggest chicken producer and the leading chicken exporter (ABPA,
2018). However, this production boom has also brought constant sa-
nitary challenges. Among relevant bacteria in poultry farming, Salmo-
nella spp. remains the most significant, having poultry as its main re-
servoir. Systemic infection with non-typhoidal Salmonella serovars in
chickens is transient and, with the exception of newly hatched chicks,
causes little clinical disease (Barrow, 2000; Dar et al., 2017). However,
human infection with non-typhoidal Salmonella remains a global public
health concern despite efforts in biosecurity programs at broiler farms
and food safety standards over recent decades (Dar et al., 2017).

The southern region of Brazil includes the most important broiler
producing areas in the country, accounting for 64.4% of all slaughters
in 2017 (ABPA, 2018). Studies have identified between a 5% (Giombelli
and Gloria, 2014; Voss-Rech et al., 2015) and 11% (Pandini et al.,
2015) positive result for non-typhoidal Salmonella in avian origin

samples in this region, where S. Heidelberg, S. Hadar, S. Typhimurium,
S. Mbandaka, S. Newport, S. Infantis and S. Senftenberg have been the
most common in recent years (Pulido-Landínez et al., 2013; Pandini
et al., 2015; Voss-Rech et al., 2015).

The introduction and dissemination of non-typhoidal Salmonella in
broiler flocks include vertical transmission from the infected breeders,
and horizontal transmission from preceding infected flocks or by other
environmental sources, such as contaminated feed or drinking water
(Dar et al., 2017). A contaminated broiler house can prove difficult to
clean, which in turn may lead to contamination of the next flock of
broilers (Rose et al., 2000). In this regard, the role of equipment that
facilitates the build-up of dust in the broiler house has been overlooked
in studies into the maintenance of pathogens between successive broiler
flocks. This is the case for evaporative cooling systems which use pads,
normally made of cellulose, to filter, humidify and cool large volumes
of air that are moved through the shed in order to enhance the thermal
comfort of the broilers. Furthermore, non-typhoidal Salmonella can
persist for several months in the chicken's gastrointestinal tract (Beal
et al., 2004) and survive for more than two years in litter and feed
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(Davies and Breslin, 2003). This makes the poultry litter an important
reservoir for non-typhoidal Salmonella (Chinivasagam et al., 2009; Roll
et al., 2011; Yamazaki et al., 2016; Voss-Rech et al., 2017; Buhr et al.,
2017), especially when the litter is reused without any interventions
that neutralize residual pathogens (Vaz et al., 2017).

The presence of non-typhoidal Salmonella in environmental samples
from broiler farms is correlated to infection in the broilers and con-
tamination of the carcasses at slaughter (Berghaus et al., 2013;
Yamazaki et al., 2016). During pre-slaughter operations and transport,
stress can lead to increased shedding and close proximity of other
broilers in crates can result in extensive cross contamination (Marin and
Lainez, 2009). On the other hand, monitoring is essential to determine
Salmonella prevalence at pre-harvest stage, where analysis of environ-
mental samples is considered a more efficient means of detecting non-
typhoidal Salmonella than that of individual feces (Mueller-Doblies
et al., 2009). Long-term studies are useful for determining the dynamics
of contamination by non-typhoidal Salmonella in broiler houses and for
identifying points at which additional control measures are required in
the growing farms (Volkova et al., 2010; Berghaus et al., 2013). Hence,
this study was aimed at investigating the occurrence of non-typhoidal
Salmonella in commercial broiler houses in the south of Brazil for a one-
year production period. Serotyping and genotyping were conducted to
characterize the diversity and clonal relationships of the isolates.

2. Materials and methods

2.1. Experimental design and sampling

Nine commercial broiler houses were assessed, through six con-
secutive flocks in each, 54 flocks in total. The broiler houses were lo-
cated in different broiler farms in the south of Brazil, with an average
placement capacity of approximately 20,000 broilers, operating an all
in/all out management system and recycling litters between flocks. The
farms were integrated into three companies: A (sheds 1, 5 and 6), B
(sheds 2, 3 and 4) and C (sheds 7, 8 and 9). Broiler chicks were provided
by three separate hatcheries, each from a different broiler company.
The first flock of broilers was housed on a new pine shavings litter,
which was recycled for subsequent flocks. The downtime between
flocks varied from 3 to 26 days, during which period residual feathers
were burned and the litter was stirred using a poultry litter scarifier
equipment. Eight litter samples were taken from each broiler house and
flock - four prior to placement and four at harvest of the broilers; and
five feed samples were taken over the course of the rearing period. Five
of the sampled houses were equipped with evaporative cooling systems,
from which four swabs from the pads were collected, two on placement
and two at harvest of the broilers, for each flock. Litter samples and
swabs from the evaporative cooling pads were collected from broiler
houses before (˜ 4 h) housing and removing the broilers. A total of 812
samples were analyzed, 442 from litter, 270 from feed, and 120 swabs
from evaporative cooling pads.

For the litter sampling, the broiler houses were split into four equal
quadrants, within which a pool composed of ten sub-samples weighing
roughly 50 g was collected in equidistant manner and stored in new
plastic bags, totaling four samples per broiler house for each flock. The
feed samples were collected at the silo conveyor outlet. Each sample
weighed roughly 500 g and were stored in plastic bags. The swabs from
evaporative cooling pads were collected by wiping a sterile swab along
the surface and then stored in sterile tubes. All the samples were
transported to the laboratory in insulated boxes with ice packs and
processed within 48 h.

2.2. Salmonella isolation and serotyping

For isolation of Salmonella spp., 25 g of the broiler litter and/or feed
were pre-enriched in 225 ml of buffered peptone water (BPW). The
evaporative cooling pad swabs were pre-enriched in 5 ml of BPW and

incubated at 37 °C/24 h. Of the pre-enriched cultures 0.1 ml was
transferred to Rappaport-Vassiliadis broth (Merck, Germany) and 1 ml
to Muller-Kauffmann tetrathionate broth (Oxoid, UK) and incubated at
42 °C/24 h. One loopful of each broth was streaked onto plates of
brilliant green agar (Oxoid, UK) containing novobiocin (40 mg/L)
(Merck, Germany), and in xylose lysine tergitol-4 agar (XLT4) (Difco,
UK) and incubated at 37 °C/48 h. Suggestive colonies of Salmonella spp.
were subcultured onto nutrient agar (Himedia, India) and subjected to
biochemical identification and serological confirmation.

From each sampling phase, one Salmonella isolate from each broiler
house, flock and matrix was selected for serotyping, totaling 40 strains.
Antigenic characterization was conducted at the National Reference
Laboratory for Cholera and Enteric Diseases of the Instituto Oswaldo
Cruz (FIOCRUZ, Rio de Janeiro, Brazil) by means of rapid slide agglu-
tination tests, using somatic and flagellar antisera produced by the la-
boratory.

2.3. Pulsed-field gel electrophoresis analysis

The serotyped Salmonella isolates were genotyped by DNA macro-
restriction analysis, as previously described (Ribot et al., 2006). Sal-
monella Braenderup H9812 (ATCC BAA-664) was used as the mole-
cular-weight size marker. The fragments of the restriction were
separated by pulsed-field gel electrophoresis analysis (PFGE) on TBE
0.5 X at 14 °C, using the CHEF Mapper XA system (BioRad, USA). Pulses
were alternated between 2.2 and 63.8 s at 6 V/s for 22 h. The gel was
stained with ethidium bromide (1 μg/mL) and viewed under ultraviolet
light. The images were recorded digitally and the DNA macrorestriction
patterns were compared by the software Bionumerics 6.1 (Applied
Maths, Belgium). Similarity was calculated by the Dice coefficient with
a 1.7% band position tolerance (Carriço et al., 2005) and the dendro-
gram generated by cluster analysis using the unweighted pair group
method with arithmetic averages (UPGMA).

2.4. Viable counts of Enterobacteria

The litter samples were subjected to enterobacteria counts, for
which 10 g of broiler litter were diluted in 90 ml of phosphate-buffered
saline (PBS), pH 7.4, homogenized in an orbital shaker at 140 rpm for
10 min and then submitted to serial decimal dilutions. From each di-
lution 0.1 ml was distributed onto MacConkey agar plates (Prodimol,
Brazil) and incubated at 37 °C/48 h. Colonies were counted in the plates
that presented between 30 and 300 colonies and corrected by the cor-
responding dilution factor. The detection limit of the method was 100
CFU/g.

2.5. Statistical analysis

The mean enterobacteria counts of each broiler house and flock
were converted into a logarithmic scale and subjected to repeated
measures analysis for each evaluation phase (placement and harvest),
considering the flock effect and 16 types of variance and covariance
matrix structures, using PROC MIXED of the Statistical Analysis
System© (SAS Institute Inc., 2012, North Carolina, USA), as in Xavier
(2000). The structure used in the analysis was chosen based on the
lowest value of the Akaike Information Criterion (AIC). The maximum
likelihood estimation method was used. Analytical breakdown for the
flock effect was achieved through polynomial regression analysis. Ef-
fects of flock, broiler company and downtime period on the prevalence
of Salmonella in the placement and harvest were evaluated by logistic
regression analysis using the SAS LOGISTIC procedure.
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3. Results

3.1. Non-typhoidal Salmonella were detected in broiler litter through
successive flocks

In total, 120 (28.4%) litter samples, 2 (0.74%) feed samples and 1
(0.83%) evaporative cooling pad swab were positive for Salmonella spp.
All the positive samples originated from five of the nine analyzed sheds,
belonging to two companies (A and C). The three sheds belonging to
company B remained negative throughout the study period. All the
samples from fresh litter, assessed upon placement of the first flock,
were negative for Salmonella spp. In the positive sheds, litter con-
tamination was detected in the first or second flocks and remained
through, at least, four subsequent flocks (Table 1). There were no sig-
nificant differences (p > 0.05) in the prevalence of Salmonella in the
litters over the progression of the flocks, neither for the evaluations on
placement, nor for those at harvest of the broilers. Likewise, no corre-
lation was found between downtime period and the prevalence of Sal-
monella in the successive flocks housed in each broiler house. Con-
sidering the 54 flocks analyzed in the different sheds, the litters of 13
flocks were positive for Salmonella in the placement phase, which
number increased to 24 at harvest (Table 2). In two sheds (7 and 9,
company C) the bacteria were detected in the feed, and also isolated
from the evaporative cooling pads of shed 7 (Table 1).

3.2. Clonal strains of S. Heidelberg were prevalent in different broiler houses

S. Heidelberg was the most frequent serovar (87.5%, 35/40). All the
isolates from company A were identified as S. Heidelberg and in

company C, in addition to S. Heidelberg, two isolates (obtained from
feed and litter) were identified as S. Mbandaka, and three isolates
(obtained from litter, feed and evaporative cooling pads) presented
incomplete antigenic characterization.

Six DNA macrorestriction profiles were identified (A to F), of which
one genotype of S. Heidelberg was predominant, occurring in the litter
throughout the flocks in four sheds (1, 6, 7 and 9) of two distinct
companies (Fig. 1). In company C, Salmonella strains with incomplete
antigenic characterization isolated from feed samples from shed 9 and
from the evaporative cooling pads of shed 7 shared an indistinguishable
pattern among the predominant S. Heidelberg genotype (Fig. 1),
whereas the S. Mbandaka genotype identified in the feed of shed 7 was
not observed in any other sample. The S. Heidelberg isolates from shed
8 displayed genetic similarity (> 92%) with S. Heidelberg isolated from
the other sheds.

3.3. The level of Enterobacteria in the litter diminished over the progression
of the flocks

The mean enterobacteria count in the litter of each broiler house at
the placement and harvest phases is presented in Fig. 2. There was a
significant flock effect (p ≤ 0.05) for the evaluations conducted, both at
the placement and harvest of the broilers. The average enterobacteria
count in the litter showed linear reduction as the successive flocks of
broilers were placed in the broiler house, as presented in Fig. 2.

4. Discussion

In this temporal population fluctuation analysis of non-typhoidal
Salmonella in commercial broiler houses all the fresh litter samples
collected at placement of the first flock were negative for Salmonella.
However, in the positive broiler houses, the first detection of Salmonella
in litter occurred at the harvest of the first flock or in the recycled litter
collected from the second flock (Table 2). After that first detection,
Salmonella was isolated from the litters of subsequent flocks in the same
broiler house. This finding is interesting because the frequency of Sal-
monella spp. in the litter at harvest of the broilers increases the prob-
ability of contamination of carcasses during processing (Volkova et al.,
2010). Moreover, contaminated litter facilitates the reintroduction of
Salmonella spp. after the downtime between flocks in the broiler house
when other biosecurity measures are also inefficient (Mueller-Doblies
et al., 2014). Indeed, the broiler farms monitored in this study practiced
litter recycling, yet without applying a specific in-house treatment to
inactivate residual microorganisms, such as windrowing, shallow fer-
mentation, or addition of chemical additives (Vaz et al., 2017), which
would seem to favor the maintenance of non-typhoidal Salmonella in
the litter, and constituting a source of contamination for subsequent
flocks. However, the same recycled litter management between flocks
was practiced at the farms where the broiler houses were negative,

Table 1
Distribution of Salmonella spp. in broiler flocks per shed and company.

Sheda Company Sample Flock Serovar Genotype

1 A litter 2nd, 3rd, 4th, 5th,
6th

S. Heidelberg D

6 A litter 2nd, 3rd, 4th, 5th,
6th

S. Heidelberg D

7 C litter 1st, 2nd, 4th, 6th S. Heidelberg D
feed 6th S. Mbandaka F
ECPb 4th S. enterica O:4,5 D

8 C litter 1st, 2nd, 3rd, 4th S. Heidelberg A, C
6th S. Mbandaka B

9 C litter 1st S. enterica O:4,5 D
2nd, 3rd, 4th, 5th,
6th

S. Heidelberg D, E

feed 1st S. enterica
O:4,5:-:1,2

D

a Samples from sheds 2, 3, 4 (company B) and 5 (company A) tested negative
throughout the evaluated period.

b ECP: Evaporative cooling pad.

Table 2
Presence of Salmonella spp. in litter at placement and harvest of each broiler flock (number of positives/total samples).

Sheda Flock 1 Downtime Flock 2 Downtime Flock 3 Downtime Flock 4 Downtime Flock 5 Downtime Flock 6

Pb Hc (days) P H (days) P H (days) P H (days) P H (days) P H

1 NAd 0/4 13 2/4 0/4 20 0/4 4/4 8 3/4 4/4 14 2/4 4/4 9 4/4 4/4
6 0/4 0/4 8 0/4 4/4 14 3/4 4/4 9 2/4 4/4 26 2/4 4/4 26 1/4 4/4
7 0/1e 4/4 23 3/4 4/4 21 0/4 0/4 19 0/4 2/4 19 0/4 0/4 14 0/4 1/4
8 0/1e 4/4 19 3/4 4/4 21 0/4 4/4 21 2/4 4/4 19 0/4 0/4 17 0/4 3/4
9 0/4 4/4 11 4/4 4/4 18 0/4 4/4 22 2/4 4/4 21 0/4 4/4 16 0/4 1/4
Total 0/10 12/20 12/20 16/20 3/20 16/20 9/20 18/20 4/20 12/20 5/20 13/20

a Sheds 2, 3, 4 (company B) and 5 (company A) remained negative throughout the evaluated period and downtime varied from 3 to 20 days.
b P: placement.
c H: harvest.
d NA: not analyzed.
e The four samples received at the laboratory were processed in pool.
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suggesting that there were other effective biosecurity factors for
avoiding contamination by non-typhoidal Salmonella in those broiler
houses over the course of the production period monitored. Likewise,
non-typhoidal Salmonella environmental contamination could have
originated from infected day-old broiler chicks raised in the studied
broiler houses, which, however, was not evaluated in this study.

In the broiler houses that were positive for non-typhoidal
Salmonella, the bacteria were not detected in some flocks, especially in
the placement phase. Intermittent detection of Salmonella in the en-
vironment has been previously reported (Gradel and Rattenborg, 2003;
Pedersen et al., 2008). Placement of the chicks in the broiler house is
preceded by a downtime period between flocks that would influences
the level of residual contamination, below the Salmonella spp. detection
limit, resulting in a low infection pressure for the subsequent flock.
However, poultry might be colonized by low concentrations of Salmo-
nella (Van Immerseel et al., 2004) and the bacteria can also persist in
places where the broilers' exposure is low or indirect (Pedersen et al.,

Fig. 1. Dendrogram of the PFGE profiles identified in the Salmonella spp. strains isolated from broiler litter, feed and evaporative cooling pads (ECP).

Fig. 2. Mean profiles of enterobacteria count in recycled broiler litter in func-
tion of successive flocks.
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2008). The introduction of a new flock of broilers favors proliferation of
the bacteria in the intestinal tract and at the end of the production cycle
there are increased contamination levels and chances of detection, as
we can observe in Table 2. The broiler farms sampled in this study
practiced different downtime periods between flocks, which, however,
did not have an influence in the non-typhoidal Salmonella prevalence.

S. Heidelberg has previously been described in poultry in Brazil
(Pulido-Landínez et al., 2013; Pandini et al., 2015; Voss-Rech et al.,
2015). The prevalence of S. Heidelberg (87.5%) in this study highlights
its emergence in broiler farms in the south of Brazil in relation to other
serovars. Some Salmonella serovars are more resistant than others in the
environment (Chinivasagam et al., 2009; Andino et al., 2014), to the
broiler house cleaning and disinfection procedures (Mueller-Doblies
et al., 2014), with greater colonization ability (Buhr et al., 2017), and
greater biofilm formation capacity, hindering their elimination from
installations and equipment (Marin et al., 2009). Notably, S. Heidelberg
persisted in the recycled broiler litter, treated by shallow fermentation
and the addition of quicklime during the 14-day downtime between
flocks, remaining capable of colonizing the subsequently housed broi-
lers (Voss-Rech et al., 2017). Genomic analyses of S. Heidelberg strains
isolated from the broiler litter, hatchery (Deblais et al., 2018) and
human outbreaks (Hoffmann et al., 2014) demonstrate the presence of
genetic elements, such as genes associated to cell signaling and reg-
ulation; phosphorus and nitrogen metabolism; motility and chemotaxis;
and several virulence factors carried in bacteriophages or plasmids. The
presence of genes associated to the type IV secretion system (T4SS)
indicates that this system is functional in these S. Heidelberg strains and
underlines a probable ability to acquire foreign DNA by horizontal
transfer between bacteria (Deblais et al., 2018). In fact, the broiler litter
acts like an extra-intestinal environment for the natural selection of S.
Heidelberg strains, allowing for the adaptation and expression of newly
acquired virulence factors that influence this resistance capacity in the
environment and render usual preventive management practices at
farms less effective (Oladeinde et al., 2018).

The identification of an indistinguishable S. Heidelberg genotype in
litter samples and detected repeatedly throughout the flocks in the
broiler houses of two companies (Fig. 1) reinforces the difficulty of
eliminating this serovar from the environment in broiler farms and
demonstrates the dispersion of this clone in the study region. PFGE is a
DNA fingerprinting method based on the restriction of genomic DNA
and is currently considered the gold-standard for the subtyping of Sal-
monella (Cosby et al., 2015), the strains of which with indistinguishable
profiles can be classified as epidemiologically linked with a high degree
of confidence (Cosby et al., 2015). More refined methods, such as whole
genome sequencing (WGS) and single-nucleotide polymorphisms
(SNPs) analysis, are capable of identifying subtle differences between
highly clonal strains of S. Heidelberg, however they still have much
higher costs in developing countries, and hence more suited to in-
vestigations into outbreaks in humans and studies on the short-term
evolution of epidemic clones (Hoffmann et al., 2014).

S. Mbandaka and S. enterica O:4,5:-:1,2 were isolated from the feed
supplied to the broilers in two of the sampled broiler houses (Table 1).
Feed is considered a key source of Salmonella spp. for broiler flocks
(Barrow, 2000; Andino et al., 2014), where the presence of bacteria
would indicate that some stage of the manufacture process was in-
efficient or that cross contamination has occurred at a later stage
(Barrow, 2000). The identification of one genetically distinct S.
Mbandaka strain, isolated exclusively from the feed (Fig. 1), would
suggest that contamination had occurred in the production or transport
and not through cross contamination of the feed in the broiler house. In
general, the frequency of Salmonella spp. in feed samples was low in this
study. There are several factors that interfere in the detection of Sal-
monella in feed, including the non-uniform distribution of the bacteria;
cellular injury and detection limits of the laboratorial methods used for
dry matrices (Alali and Hofacre, 2016). However, the importance of this
finding lies in the fact that, in the commercial broiler production

system, manufacturers supply feed to several broiler farms, pointing to
the high potential of spreading pathogens. In addition, one Salmonella
strain with incomplete antigenic characterization (O:4,5) was detected
in the evaporative cooling pads of shed 7 and presented the pre-
dominant genotype (D) found in the S. Heidelberg strains (Fig. 1), de-
monstrating a correlation with the contamination detected in the
broiler litter. In fact, the evaporative cooling system promotes circu-
lation of bacteria present in the broiler house dust, the origins of which
include the broiler litter (Chinivasagam et al., 2009).

Notably, the mean variation of enterobacteria in the broiler litter
from the first to sixth flock (5.33 ± 0.23 to 1.54 ± 0.18 log10 CFU/g
at placement and 5.51 ± 0.12 to 3.79 ± 0.22 log10 CFU/g at harvest)
shows reduction over the course of flocks (Fig. 2). Similar results have
been reported in other studies (Thaxton et al., 2003; Vaz et al., 2017).
The temporal effect on the reduction of enterobacterial load in recycled
litter has been attributed to the reduced water activity (Chinivasagam
et al., 2009), increased ammonia level (Roll et al., 2011; Voss-Rech
et al., 2017) and microbiota stabilization (Thaxton et al., 2003). On the
other hand, the frequency of Salmonella in those same samples did not
change in the six evaluated flocks. By comparison, Roll et al. (2011)
only observed significant reduction in the frequency of Salmonella spp.
in recycled litters from the sixth flock onwards, in a longer period to
that evaluated in this study. The linear reduction of residual en-
terobacteria, allied to the fact that the litter in four broiler houses
monitored remained negative for non-typhoidal Salmonella throughout
the study period, demonstrates that litter recycling results in better
microbiological quality when compared to the fresh litter of the first
flock. Nonetheless, the option to safely recycle litter depends on the
absence of sanitary problems with the broilers and the use of a proven
effective treatment method to deactivate residual microorganisms
during the downtime between flocks (Vaz et al., 2017).

5. Conclusion

The persistence of non-typhoidal Salmonella in recycled litter over
the course of the evaluated production period indicates that the residual
feathers burning and the litter stirring procedure was not capable of
interrupting the cycle of residual contamination. The decision to recycle
broiler litter needs to be tied to the sanitary history of the previous
flocks and the epidemiological situation of the broiler farm, especially
upon the occurrence of non-typhoidal Salmonella serovars with the
ability to resist in the environment. Furthermore, litter recycling should
be conditioned to the use of proven effective treatment for deactivating
residual bacteria. The presence of non-typhoidal Salmonella in a limited
number of feed samples and evaporative cooling pad suggests a minor
role in the Salmonella contamination detected within the studied broiler
houses. Finally, the emergence of S. Heidelberg in broiler farms in the
south of Brazil must be highlighted. Complementary studies, such as
WGS analysis, should investigate the clonality of the PFGE patterns
identified in the S. Heidelberg isolates, seeking to understand questions
related to their predominance in the region.
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