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This report describes a rapid detection procedure for salmonellae from chicken feces by the combination of
tetrathionate primary enrichment (preenrichment [PE])-bacterial lysis-capillary PCR and capillary gel elec-
trophoresis. Pure Salmonella enterica serovar Enteritidis 64K was reisolated and detected by capillary PCR
after buffered peptone water and nutrient broth, tetrathionate broth base Hajna (TTBH), and tetrathionate
broth (TTB) preenrichments. When the same culture was mixed with intestinal homogenate, bacteriological
reisolation and capillary PCR detection was achieved only by TTBH and TTB preenrichments. Capillary gel
electrophoresis revealed that a Salmonella genus-specific 281-bp PCR product was detected when Salmonella
strains but not non-Salmonella strains were tested. The detection limit of capillary PCR with whole-cell DNA
extracted from pure Salmonella enterica serovars Enteritidis 64K, Typhimurium LT2-CIP60-62, and Gallina-
rum 64K was 3, 3, and 9 CFU ml21, respectively. The detection limit of capillary PCR from whole-cell DNA
extracted from intestinal homogenate artificially contaminated with the same three strains was 3, 3, and 7 CFU
ml21, respectively. We compared the results of the capillary PCR and bacteriological examination from the
natural samples. Thirty-five of 53 naturally contaminated samples produced a specific PCR product. In 9 of the
35 PCR-positive samples, Salmonella could not be detected bacteriologically either by PE or a primary and
delayed secondary enrichment (DSE) combination. In the 18 PCR-negative samples, 4 samples were found to
harbor Salmonella by both PE and DSE and 14 samples were positive after DSE. Fifty-three additional
intestinal homogenate samples, which were negative by their PE and DSE in bacteriological examination, were
found to be also negative by their PCRs. The total time required to detect Salmonella with the capillary PCR
method we used was approximately 20 h. If samples are from clinically diseased birds, the total time for PCR
and detection is reduced to 2 h since the 18-h PE is not required. These results indicate that TTB enrichment,
bacterial lysis, and genus-specific capillary PCR combined with capillary gel electrophoresis constitute a
sensitive and selective procedure which has the potential to rapidly identify Salmonella-infected flocks.

Salmonellae are among the major bacterial pathogens of
poultry in Turkey and in the world (3, 8). Prevention of Sal-
monella infection is important for poultry health and for the
food industry, and prevention can be achieved only by good
monitoring and screening programs (10, 17, 27). Salmonella
detection by bacteriological methods usually requires 5 to 11
days (10, 27), and samples with low numbers of Salmonella
cells, usually seen in subclinically infected chickens, may give
false-negative results (7). Efforts have been made to reduce the
time required and to increase the sensitivity of methods to
detect Salmonella serovars in poultry samples (16, 25). PCR
with preincubation in an enrichment broth has been performed
for human (5, 13, 14, 28), animal (6, 23, 24), fecal, and food (1,
2, 4, 9, 11, 19) samples. This has been found to be a useful and
more rapid method because it increases the number of viable
Salmonella in the sample and, therefore, increases the sensi-
tivity of the assay (5, 9, 11, 22). PCR methods and DNA
extraction procedures for Salmonella have been described for
human, animal, and food samples (5, 6, 21, 23, 24). However,

little information exists about these techniques used with poul-
try fecal samples (15, 26). These methods seem to be expensive
and time-consuming (15, 26). This study describes a practical
DNA extraction procedure from primary enrichment cultures
of Salmonella, genus-specific capillary PCR, and capillary gel
electrophoresis to detect chickens carrying the viable Salmo-
nella in their intestines.

MATERIALS AND METHODS

Bacteria. Salmonella enterica serovars Enteritidis 64K, Typhimurium LT2-
CIP60–62, and Gallinarum 64K were obtained from M. Y. Popoff, Institut Pas-
teur, 28 rue du Dr Roux, 75015 Paris Cedex 15, France, and non-Salmonella
strains (Citrobacter sp., Escherichia coli, Klebsiella sp., Pseudomonas aeruginosa,
and Streptococcus sp.) were from the Department of Microbiology, Medical
School, and Faculty of Veterinary Medicine, Uludag University, Bursa, Turkey.

Comparison of different PE broths. Ileocecal parts of healthy chickens, which
were negative when tested with Salmonella antigen (Intervet) were dissected and
minced in sterile conditions. One gram from this mince was used as an intestinal
homogenate in the following procedure. Pure Salmonella serovar Enteritidis
cultures, with and without intestinal homogenate, were grown in buffered pep-
tone water (BPW) (L37; Oxoid), nutrient broth (NB) (CM67; Oxoid), tetrathio-
nate broth (TTB) (CM29; Oxoid), and tetrathionate broth base Hajna (TTBH)
(0491-17; Difco). After an 18-h incubation at 37°C, 20 ml from each tetrathionate
primary enrichment (preenrichment [PE]) was plated onto xylose-lysine-Tergitol
4 agar (XLT4) (0234-17-9; Difco) and 1 ml was used to prepare a template for
PCR.
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Cultivation of Salmonella serovars. The purity of Salmonella strains was veri-
fied, and biochemical and antigenic identifications were performed. One colony
from each strain was inoculated into 10 ml of TTB. Cultures were incubated at
37°C for 18 h. One milliliter from each culture was taken into a sterile Eppendorf
tube and was stored at 220°C until used.

DNA extraction. Crude DNA was prepared by modifying the method de-
scribed by Soumet et al. (21). One milliliter of TTB culture was centrifuged for
4 min at 4,600 3 g. The pellet was suspended in 0.85% saline, was centrifuged,
and was resuspended in 20 ml of deionized water. This bacterial suspension was
then boiled for 10 min and was centrifuged for 3 min at 18,000 3 g. Five
microliters of the supernatant was used as a template in PCR.

Oligonucleotide primers and capillary PCR. Salmonella genus-specific primers
139 and 141 were described by Rahn et al. (18) and have, respectively, the
following nucleotide sequences based on the invA gene of Salmonella: 59-GTG
AAA TTA TCG CCA CGT TCG GGC AA-39 and 59-TCA TCG CAC CGT
CAA AGG AAC C-39. Both primers were synthesized in the Expetide DNA
synthesizer (Perseptive Biosystems) and were purified using reverse-phase high-
pressure liquid chromatography (BioCAD700E; Perseptive Biosystems). Primer
139 (18) was synthesized as 6-FAM labeled. The 25-ml PCR mixture, which
contained 0.3 ml of Taq DNA polymerase (IonTaq; 5 U/ml), 2.5 ml of 103 PCR
buffer (3.5 mM MgCl2), 2.5 ml of deoxynucleoside triphosphate (dNTP) mixture
(2 mM), 1 ml of each primer (5 pmol/ml), 5 ml of template DNA, 2 ml of bovine
serum albumin (2.5 mg/ml), and 10.2 ml of deionized water, was taken into
borosilicate capillary tubes (Idaho Technology) by capillary action. The expected
product size was reported as 284 bp (18).

PCR incubations were performed using a DNA Air Thermal Cycler, model
1605 (Idaho Technologies). The cycle conditions were as follows: an initial
incubation at 94°C for 15 s followed by 30 cycles of denaturation at 94°C for 0 s,
primer annealing at 50°C for 0 s, and primer extension at 72°C for 15 s. Following
the last cycle, there was a 5-min incubation at 72°C.

Capillary gel electrophoresis. Capillary gel electrophoresis was performed on
an ABI PRISM 310 Genetic Analyzer (Perkin-Elmer). Experimental conditions
were optimized by using PCR products from Salmonella serovars Enteritidis and
Gallinarum. After capillary PCR, 2 ml from the reaction mixture was added to
12.5 ml of sampling buffer (12 ml of formamide, 0.5 ml of GeneScan 500 stan-
dard). The GeneScan 500 standard was labeled with the fluorescent dye
TAMRA. The final mixture was heated at 95°C for 5 min and was chilled on ice
before being loaded on the analyzer. We used Performance Optimized Polymer
6 (part no. 402837; Perkin-Elmer Applied Biosystems, ABI PRISM) for analysis.
The electrophoresis conditions were as follows: capillary, ABI PRISM 2 (61 cm
by 50 mm; part no. 402840; Perkin-Elmer Applied Biosystems 310 Genetic
Analyzer Capillaries); temperature, 50°C; and electric field, 15 kV. Results were
analyzed by GeneScan Analysis Software 2.1 (Perkin-Elmer).

Detection-limit determination of capillary PCR with pure culture. Initially, we
determined the CFU of Salmonella serovars Enteritidis, Typhimurium, and
Gallinarum by plating 10 ml from 10-fold dilutions of their 5-ml TTB stock
cultures to XLT4 agar. The dilutions were performed up to 10212 for each
culture. We determined the stock concentrations of the above-mentioned strains
as 3 3 108, 3 3 109, and 9 3 108 CFU ml21, respectively. At the same time, we
sampled 1 ml from each dilution to use for DNA extractions and as templates in
PCR.

Sensitivity and detection-limit determination of capillary PCR with experi-
mental samples. In order to determine the detection sensitivity of PCR, we used
PE cultures (TTB) of artificially spiked samples with Salmonella serovars Enter-
itidis, Typhimurium, and Gallinarum. Briefly, 0.2 and 1 g of Salmonella-free
chicken iliocecal samples (determined by a bacteriological method and PCR)
were minced and added into 10 ml of TTB. Tenfold dilutions from 3 3 103 CFU
ml21 to 3 CFU ml21 of serovars Enteritidis and Typhimurium and 7 3 103 CFU
ml21 to 7 CFU ml21 of serovar Gallinarum were inoculated into TTB with
intestinal homogenate and were incubated at 37°C for 18 h. PCR was performed
by using 1 ml from each culture as described above. Salmonella growth was
confirmed by plating from each dilution.

Specificity determination of PCR. Citrobacter sp., E. coli, Klebsiella sp., P.
aeruginosa, and Streptococcus sp. were cultured aerobically at 37°C for 18 h in
brain heart infusion (BHI) broth. The DNA extraction procedure and PCR
method used were the same as described for Salmonella.

Capillary PCR with natural samples. A total of 0.2 g from each of 53 chicken
iliocecal samples from five different flocks harboring Salmonella and 53 Salmo-
nella-free samples, determined by the bacteriological method described in the
National Poultry Improvement Plan of the U.S. Department of Agriculture,
Animal Health Inspection Service (27), were subjected to our capillary PCR.
Also, a rapid slide agglutination test was performed with blood samples from
these chickens to diagnose Salmonella serovar Gallinarum and Salmonella sero-

var Gallinarum biotype Pullorum infections. Salmonella serovar Enteritidis TTB
cultures and uninoculated TTB were used as positive and negative controls in
PCR, respectively.

Bacteriological examination of natural samples. PCR results were compared
with those of the bacteriological examination described in the National Poultry
Improvement Plan, U.S. Department of Agriculture (27). Natural samples were
inoculated into both TTB and TTBH and were incubated at 41°C for 24 h.
Twenty microliters from these cultures were plated onto XLT4 agar and were
incubated at 37°C for 24 h. For delayed secondary enrichment (DSE), broth
cultures were additionally incubated at 22°C for 5 days, and 1 ml from 5-day
incubated broth cultures was transferred into 10 ml of freshly prepared TTB or
TTBH. After 24 h of incubation at 37°C, these cultures were streaked onto XLT4
agar. The plates were examined for Salmonella colonies after 18 h of incubation
at 37°C. Suspected Salmonella colonies were subjected to biotyping (27) and
serogrouping (Difco Manual, Difco Laboratories, Detroit, Mich.).

RESULTS

Evaluation of capillary gel electrophoresis. Electrophoresis
for one sample was completed in 35 min. For each sample, the
fluorescence intensity was plotted on the y axis and the size in
base pairs (bp) on the x axis. The values on the x axis are to
denote GeneScan 500 size-standard fragments and to compare
the specific PCR products where the peaks were detected. In
the electropherograms, we could detect precisely the 281-bp
specific PCR product analyzed by the GeneScan 672 software.

Comparison of different primary enrichment broths. Using
the 18-h pure cultures of Salmonella serovar Enteritidis in
BPW, NB, TTB, and TTBH, the bacterium was isolated by the
bacteriological method and was detected by capillary PCR. By
contrast, when intestinal homogenate (artificially spiked with
Salmonella) was added into the PE broths, bacteriological re-
isolation and specific PCR amplification was observed only in
TTB and TTBH cultures. We did not observe any detection
superiority of TTBH over TTB, and we pursued the tests with
natural samples by using only TTB.

Detection limit of capillary PCR with pure Salmonella cul-
tures. PCR could detect 3 CFU ml21 of serovar Enteritidis, 3
CFU ml21 of serovar Typhimurium, and 9 CFU ml21 of sero-
var Gallinarum (Fig. 1). These numbers correspond to the
dilutions of 1028 for serovar Enteritidis, 1029 for serovar Ty-
phimurium, and 1028 for serovar Gallinarum stock cultures.
PCR was able to detect Salmonella DNA from these high
dilutions because we used 1 ml from the dilutions for DNA
preparation. However, because of the high dilution, when 10 ml
was plated from these dilutions, we did not observe any colo-
nies in the corresponding plates.

Sensitivity and detection limit of capillary PCR with exper-
imental samples. The detection limit of TTB enrichment
containing intestinal homogenate with capillary PCR was as
follows: 3 CFU ml21 for serovars Enteritidis (Fig. 2) and Ty-
phimurium (Fig. 3), and 7 CFU ml21 for serovar Gallinarum
(Fig. 4). Also, PCR was not inhibited from the intestinal ho-
mogenate amount. Salmonella was recovered by plating from
each dilution. This indicated and confirmed that Salmonella
was present as a template in each PCR.

Specificity of PCR. None of the non-Salmonella strains
yielded a PCR product. A 281-bp PCR product, which is close
to the expected product size of 284 bp (18), was detected only
in Salmonella strains, indicating that this PCR was specific for
the Salmonella genus.

PCR with natural samples. Capillary PCR could detect Sal-
monella on the flock basis. When evaluated individually for
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each flock, a specific PCR product was detected in 35 of 53
samples (Table 1). In 9 of these 35 PCR-positive samples (A10,
A12, D43, D44, D45, D46, D48, D49, and E51) Salmonella
could not be detected bacteriologically either after PE (A10,
D44, and E51) or after PE and DSE (A12, D43, D45, D46,
D48, and D49).

In the remaining 18 PCR-negative samples, 4 samples (A2,
A4, A8, and A11) were found to harbor Salmonella after both
PE and DSE (Table 1) and 14 samples (A9, A14, A15, A17,
A19, C34, C35, C36, C37, C38, C39, C40, C41, C42) were
positive after DSE (Table 1).

Fifty-three additional chicken intestinal homogenate sam-
ples, which were negative in their PE and DSE in bacteriolog-

ical examination, were found to be also negative in their PCRs.
All the chickens examined for agglutinins to serovar Gallina-
rum and serovar Gallinarum biotype Pullorum by a slide ag-
glutination test were negative.

DISCUSSION

The primary goal of this work was the rapid detection of
Salmonella from chicken intestinal homogenates by capillary
PCR. We chose to use two Salmonella genus-specific primers
(18) in capillary PCR (29–31) and detected the specific prod-
ucts by capillary gel electrophoresis. We decided to use PE of
intestinal homogenates in TTB and performed the bacterial

FIG. 1. Sensitivity determination of TTB enrichment-capillary PCR-capillary gel electrophoresis with pure Salmonella enterica serovars
Enteritidis, Typhimurium, and Gallinarum. x axis, size in base pairs; y axis, relative fluorescence intensity. Electropherograms: (A) peak patterns
of GeneScan 500 size-standard fragments run under denaturing conditions; (B, C, and D) 281-bp PCR product detected from 3, 7, and 9 CFU of
pure serovar Enteritidis, serovar Typhimurium, and serovar Gallinarum cultures/ml, respectively. The GeneScan 500 molecular weight marker dye
was scaled up five times.

FIG. 2. Sensitivity determination of TTB enrichment-capillary PCR-capillary gel electrophoresis with chicken intestinal homogenate artificially
contaminated with Salmonella serovar Enteritidis. x axis, size in base pairs; y axis, relative fluorescence intensity. Electropherograms: (A) peak
patterns of GeneScan 500 size-standard fragments run under denaturing conditions; (B and C) 281-bp PCR product detected from 3 3 103 and
3 3 102 CFU of serovar Enteritidis cultures with chicken intestinal homogenate/ml. The GeneScan 500 molecular weight marker dye was scaled
up five times.
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lysis method (21) to obtain Salmonella DNA. PCRs performed
with Salmonella templates by this procedure from artificially
prepared samples consistently yielded positive results with high
sensitivity. We also applied this procedure to clinical samples,
and 35 of 53 samples yielded a specific amplicon. DSE results
indicated that 46 of these samples harbored Salmonella. There
may be several reasons for the false-negative PCR results, such
as the presence of inhibitory substances in the feces and en-
richment broth contents (5, 12, 23). We investigated the pos-
sible roles of these factors in our study by artificially contam-
inating the samples, and we observed that TTB enrichment
and sample amount did not diminish the sensitivity of the PCR.
Individual false-negative results in naturally contaminated

samples are not important for flock-based Salmonella screen-
ing because infected flocks can be easily detected using a PE
and PCR combination (Table 1). We can suggest that DSE be
pursued if only the real infection rate (individual-based screen-
ing) in a flock needs to be determined. Regardless, we decided
that the PE and capillary PCR combination was useful for
rapid and primary screening of Salmonella in chicken flocks.

Incubation in an enrichment broth (5, 12, 23) increases the
number of viable organisms in the sample to allow detection by
PCR. It is also inexpensive and requires little manipulation
compared to other selective enrichment systems (20, 28). By
using pure Salmonella serovar Typhimurium cultures, Stone et
al. (23) found that Rappaport-Vassiliadis and TTB were inhib-

FIG. 3. Sensitivity determination of TTB enrichment-capillary PCR-capillary gel electrophoresis with chicken intestinal homogenate artificially
contaminated with Salmonella serovar Typhimurium. x axis, size in base pairs; y axis, relative fluorescence intensity. Electropherograms: (A) peak
patterns of GeneScan 500 size-standard fragments run under denaturing conditions; (B, C, and D) 281-bp PCR product detected from 3 3 103,
3 3 102, and 3 CFU of serovar Typhimurium cultures with chicken intestinal homogenate/ml, respectively. The GeneScan 500 molecular weight
marker dye was scaled up four times.

FIG. 4. Sensitivity determination of TTB enrichment-capillary PCR-capillary gel electrophoresis with chicken intestinal homogenate artificially
contaminated with Salmonella serovar Gallinarum. x axis, size in base pairs; y axis, relative fluorescence intensity. Electropherograms: (A) peak
patterns of GeneScan 500 size-standard fragments run under denaturing conditions; (B and C) 281-bp PCR product detected from 7 3 102 and
7 CFU of serovar Gallinarum cultures with chicken intestinal homogenate/ml, respectively. The GeneScan 500 molecular weight marker dye was
scaled up two times.

1874 CARLI ET AL. J. CLIN. MICROBIOL.

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/j

cm
 o

n 
28

 J
un

e 
20

21
 b

y 
19

4.
27

.1
25

.3
7.



itory to PCR, whereas BHI and selenite-cystine broths were
not. In our study, we used TTB, NB, and BHI broths with pure
Salmonella cultures and found that none of these enrichment
broths were inhibitory to PCR. However, from BHI and NB we
could not detect any specific PCR product in natural and
artificially spiked samples, but from TTB, we did. In addition,
we reisolated serovar Enteritidis from TTB with artificially
spiked samples but not from BPW and NB. Therefore, we
decided that TTB was probably the most suitable environment
for the growth of Salmonella as a pure culture both in artifi-
cially contaminated and in natural samples. The superior se-
lectivity of TTB for avian fecal samples over NB and BHI,
which are nonselective PE broths, may have permitted the
growth of Salmonella and inhibited the competitive flora, thus
resulting in a positive PCR. Also, selection of a PE medium for
Salmonella PCR may depend on the sample type (5, 23), be-
cause composition differences in samples may greatly alter the
enrichment environment and may even inhibit the growth of
Salmonella. For example, Stone et al. (23) found BHI to be a
favorable PE medium to detect Salmonella from mammalian
(bovine and equine) feces and tissue samples, while Lin and
Tsen (13) reported the advantage of using combined lactose-
tetrathionate broth for human fecal and food samples.

There may possibly be differences in the initial numbers of
Salmonella in the feces of clinically diseased and subclinically
infected animals. This study aimed to detect birds that were
subclinically infected with Salmonella. Therefore, a PCR pro-
cedure with high sensitivity was required. Sensitivity and de-
tection-limit results revealed that our optimized capillary PCR
had detection limits of 3, 3, and 9 CFU for cultures of pure
Salmonella serovars Enteritidis, Typhimurium, and Gallina-
rum, respectively. For artificially prepared samples, the detec-
tion limits were 3, 3, and 7 CFU, respectively, with the same
Salmonella strains.

With poultry, control of infection depends largely on the
identification of the infection in the early stages. Standard
bacteriological methods may require 5 to 11 days to isolate and
identify Salmonella (27) from avian fecal samples. These time-
consuming methods should be complemented with a rapid and
primary screening procedure such as PCR. In the PCR studies
with avian samples for Salmonella, preparation of the sample,
PCR, and detection of the amplicon without and with (re-
quired for subclinically infected birds) PE may well take up to
6 and 24 h per sample, respectively (26, 33). In this study, we
combined capillary PCR and capillary gel electrophoresis to
more quickly determine if an avian intestinal sample harbors
Salmonella. Capillary PCR has the advantage of reducing am-
plification time and mispriming and of significantly increasing
the specific amplicon yield because temperature changes dur-
ing the denaturation, annealing, and extension steps occur
within seconds in the air-thermal cycler (29–31). As a result,
with the capillary PCR method we used, approximately 20 h
was required (per sample: primary enrichment, 18 h; DNA
extraction, 25 min; capillary PCR, 35 min; and capillary gel
electrophoresis, 45 min). If samples are from clinically dis-
eased birds, the total time for PCR and detection is reduced to
2 h, since the 18-h PE is not required.

Capillary gel electrophoresis is also highly sensitive. We re-
analyzed with conventional gel electrophoresis several selected
PCR samples in which we detected low peak heights from the

TABLE 1. Comparison of the primary enrichment, delayed
secondary enrichment, and PCR results

Flock/sample no.
Result (1 or 2)a

Serotype isolated
PE DSE PCR

A/1 1 1 1 Enteritidisb

A/2 1 1 2 Enteritidis
A/3 1 1 1 Enteritidis
A/4 1 1 2 Enteritidis
A/5 1 1 1 Enteritidis
A/6 1 1 1 Enteritidis
A/7 1 1 1 Enteritidis
A/8 1 1 2 Enteritidis
A/9 2 1 2 Enteritidis
A/10 2 1 1 Enteritidis
A/11 1 1 2 Enteritidis
A/12 2 2 1 NDc

A/13 1 2 1 Enteritidis
A/14 2 1 2 Enteritidis
A/15 2 1 2 Enteritidis
A/16 1 1 1 Enteritidis
A/17 2 1 2 Enteritidis
A/18 1 1 1 Enteritidis
A/19 2 1 2 Enteritidis
A/20 1 1 1 Enteritidis
A/21 1 1 1 Enteritidis
B/22 1 1 1 Enteritidis
B/23 1 1 1 Enteritidis
B/24 1 1 1 Enteritidis
B/25 1 1 1 Enteritidis
B/26 1 1 1 Enteritidis
B/27 1 1 1 Enteritidis
B/28 1 1 1 Enteritidis
B/29 1 1 1 Enteritidis
C/30 1 1 1 Serogroup C1
C/31 1 1 1 Serogroup C1
C/32 1 1 1 Serogroup C1
C/33 1 1 1 Serogroup C1
C/34 2 1 2 Serogroup C1
C/35 2 1 2 Serogroup C1
C/36 2 1 2 Serogroup C1
C/37 2 1 2 Serogroup C1
C/38 2 1 2 Serogroup C1
C/39 2 1 2 Serogroup C1
C/40 2 1 2 Serogroup C1
C/41 2 1 2 Serogroup C1
C/42 2 1 2 Serogroup C1
D/43 2 2 1 ND
D/44 2 1 1 Enteritidis
D/45 2 2 1 ND
D/46 2 2 1 ND
D/47 1 1 1 Enteritidis
D/48 2 2 1 ND
D/49 2 2 1 ND
E/50 1 1 1 Enteritidis
E/51 2 1 1 Enteritidis
E/52 1 1 1 Enteritidis
E/53 1 1 1 Enteritidis

Total no. of positive
samples

30 46 35

a For PE and DSE results, 1 indicates that Salmonella colonies were observed
after plating; 2 indicates that no Salmonella growth was observed after plating.
For PCR results, 1 indicates that a specific PCR product was detected; 2
indicates that a specific PCR product was not detected.

b Salmonella enterica serovar Enteritidis.
c ND, not determined.
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electropherograms. We could not observe any specific PCR
product band from these samples. This demonstrates that cap-
illary gel electrophoresis, probably due to the low amount of
amplicon with its high detection capacity, aided in visualizing
these low amplicons, which could not otherwise be detected
with conventional gel electrophoresis (data not shown).

We suggest that use of the bacterial lysis method (18, 21) is
cheap and rapid when compared to immunomagnetic separa-
tion (19, 28) and other DNA extraction protocols (21, 22). The
combination of TTB enrichment with the bacterial lysis
method and capillary PCR with capillary gel electrophoresis is
suitable for the rapid detection of salmonellae in chicken feces
and, thus, to diagnose Salmonella-infected flocks. Future plans
are to develop standardized clinical PCR assays for other avian
pathogens by continously monitoring DNA amplification (32),
which would allow us to rapidly optimize the amplification
conditions.
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