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Among the major food borne pathogens, Salmonella
belonging to Enterobacteriaceae family continues to
be the leading cause of food related infections all
over the world. Every year, the global burden due
to salmonellosis is on the rise and Centers for
Disease Control and Prevention (CDC) estimates
nearly1.35 million cases of salmonellosis, with 26,500
hospitalizations and 420 deaths in United States
(CDC, 2021). Among the 2579 serotypes of Salmo-
nella reported, other than S. typhi and S. Paratyphi,
all are collectively called as non-typhoidal Salmo-
nella (NTS). NTS mostly causes invasive self-limited
mild infections in healthier population, but can be
fatal in children (< 5 years), old age persons (> 65
years) and immunocompromised individuals. Within
Salmonella enterica subsp. enterica, S. Typhi and S.
Paratyphi A, B and C are the etiological agents
respectively for typhoid and paratyphoid infections,
collectively called as enteric fever. For NTS, food
animals act as the potential reservoir, while for the
typhoidal strains human beings remain as the single
restricted host. Typhoidal strains of Salmonella
spreads mainly through the consumption of food
contaminated with the faeces of an infected person.
In recent decades, S. Paratyphi A has emerged as the
predominant cause of enteric fever and reports on
infections due to S. Paratyphi B and C are currently
rare. There are reports of outbreaks due to S.
Paratyphi B infection in many countries (Denny et
al., 2007; Hassan et al., 2018).

Till now, the lead acetate test described by
Alfredsson et al. (1972) is accepted as the “gold”
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standard to biotype S. Paratyphi B. Based on this
test, S. Paratyphi B can be broadly classified in to
“classic” (d-tartrate -) and “java” (d-tartrate +) based
on their ability to utilize dextrorotatory [L(+)]-
tartrate (d-tartrate) as the source of carbon. In human
beings, generally dT" strains of S. Paratyphi B elicit
enhanced pathogenicity with typhoidal symptoms,
while dT strains exhibit less severe gastroenteric
disease. People having infections with dT* strains of
S. Paratyphi B often experience mild symptoms such
as diarrhoea, fever, vomiting and abdominal cramps
etc within 12 to 72 h of exposure. Mostly such
infections are self-limiting, but rarely cause menin-
gitis and septicaemia in infected people. There is
limited data on the occurrence of S. enterica
subsp. enterica serovar Paratyphi B dT* in seafood
from India. The intention of this study was to
identify the dT* biotype of S. Paratyphi B isolated
from seafood of Cochin region, India.

A total of 470 fresh seafood samples were collected
from retail markets in and around Cochin and
screened for the presence of Salmonella sp as per
BAM, USFDA (Andrews & Hammack, 2001).
Serotyping at National Salmonella Centre (Veteri-
nary), ICAR-Indian Veterinary Research Institute
(IVRI), Bareilly revealed 39 strains as S. Paratyphi
B with antigenic formulae 1,4,[5],12: b:1,2. from
seafood items viz., Rastrelliger kanagurta, Nemepteres
japonicus, Tilapia mossambica, Sphyraeno jello,
Metapenaeus dobsonii. Lead acetate test was carried
out for all confirmed strains of S. Paratyphi B as
described by Alfredsson et al. (1972). Bacterial
peptone water, pH 7.4 with potassium sodium
tartrate tetrahydrate (SRL, India) at a final concen-
tration of 1% inoculated with young bacterial
inoculum at 0.5 MacFarland concentration was
incubated aerobically at 37°C without shaking. One
set of tubes were incubated for three days while the
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other set for 6 days. After the incubation period, the
d-tartrate utilization by the cultures was assessed by
the addition of saturated aqueous lead acetate
solution. The precipitate formed was homogenized
by brief mixing. The formation of a small precipitate
after 1 to 2 h of lead acetate addition were confirmed
as dT"strains of S. Paratyphi B while bulky
precipitate formation was considered as dT" strain.
Strains which change the inoculated media colour
from brilliant blue to a yellow/green upon incuba-
tion also indicates dT*character. Tube without
bacterial inoculum was taken as control.

In the present study;, all the 39 strains of S. Paratyphi
B changed the colour of broth from blue to yellow
on completion of incubation time after addition of
lead acetate solution. All the strains produced
whitish precipitate at bottom of the tube with turbid
supernatant and were confirmed as S. Paratyphi
d-tartrate (+) (fe., S. Paratyphi B biovar java).
Identical results were obtained on third as well as
sixth day of incubation indicating that three days
of incubation was sufficient for confirmation of
the d-tartrate (+) strains. All the strains were
confirmed as dextrorotatory tartrate-positive
(S. enterica subsp. enterica serovar Paratyphi B dT7),
formerly called S. enterica subsp. enterica serovar Java.
This study demonstrates that, the seafood collected
from retail markets of Cochin region harbours d-
tartrate (+) strains of S. Paratyphi B with 1.06%
prevalence. This is a matter of serious concern since
the d-tartrate (+) strains possess high risk for
seafood handlers and consumers in causing gastro-
enteritis without pyrexia (Chart et al, 2003).
Recently, the importance of dT* strains of S.
Paratyphi B increased worldwide and emerged as
the 11" most frequently reported human salmonel-
losis serovar in the EU during 2014 (Hassan et al.,
2018). Even though they are predominant poultry
serotype (Van Pelt et al, 2003), their sporadic
occurrence was reported from other sources such as
goat’s milk cheese (Desenclos, 1996), alfalfa sprouts
(Gaulin et al., 2002), fish aquariums (Stratton et al.,
2001; Levings et al., 2006), turtles (Harris et al.,
2009), sprouted nut butter spread (CDC, 2015), etc.
Hassan et al., 2018 reported a multi-state food-borne
outbreak in USA caused by dT" strains of S.
Paratyphi B. Frozen raw tuna imported from
Indonesia consumed raw as sushi was responsible
for the outbreak. In India, salmonellosis caused by
S. Paratyphi B dT* strains are quite uncommon. The
symptoms of NTS infections in human beings is
more or less similar to S. Paratyphi B dT" infections
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which may lead to mis-reporting or under reporting.
This jeopardizing scenario calls for efficient identi-
fication and detection of this serovar. Data regarding
the prevalence of biotype of S. Paratyphi B from
seafood is important for epidemiological studies as
well as for setting up of food safety standards. There
had been increasing incidence of S. enterica
subsp. enterica serovar Paratyphi B dT"isolates in
poultry and poultry products (Dorn et al., 2001).
Recently Tartrate + S. Paratyphi B has been isolated
from fish and seafood (Miko et al., 2002; Levings et
al., 2006; Hassan et al.,, 2018). Their presence in
seafood from fish markets in Cochin reflects the
contamination that might have happened in seafood
chain either from poultry/animal sources or from
handling by infected persons.

In conclusion, the presented data underline the
significance of proper surveillance programmes
across various disciplines to formulate and establish
better tool for effective control and management of
S. Paratyphi B infections. Regular disinfection and
cleaning of seafood markets are inevitable to
prevent the occurrence and spread of S. Paratyphi
B. The concerned government departments should
create and emphasize suitable awareness among the
seafood handlers regarding the hygienic practices to
be followed in seafood markets so as to ensure
public health safety. The quality testing of ice and
water used in seafood markets also should be
implemented as a mandatory step to keep the
contamination to a minimal level.

Acknowledgments

We acknowledge Director of ICAR-Central Institute of
Fisheries Technology, Cochin -29 and Director of
National Salmonella Centre (Veterinary), ICAR-Indian Vet-
erinary Research Institute (IVRI), Bareilly, Uttar-Pradesh
for their help with this study.

References

Alfredsson, G. A., Barker, Ruth M., Old, D. C. & Duguid, J.
P. (1972). Use of tartaric acid isomers and citric acid
in the biotyping of Salmonella typhimurium.] Hyg
(Lond). 70: 651-666

Andrews, W.H., Jacobson, A. and Hammack, T. (2014).
BAM Chapter 5: Salmonella. Bacteriological Analytical
Manual. Available at online at https://www.fda.gov/
food/laboratory-methods-food/bam-chapter-5-salmo-
nella

CDC (2021) Centers for disease control and prevention ,
Salmonella home page, Retrieved from https://
www.cdc.gov/salmonella/index.html



Identification of S. enterica from Seafood Retail Markets

CDC (2015) Centers for disease control and prevention,
Salmonella home page, Retrieved from https://
www.cde.gov/salmonella/paratyphi-b-12-15/index.html

Chart, H. (2003) The pathogenicity of strains of Salmo-
nella paratyphi B and Salmonella java.]. Appl.
Microbiol. 94(2): 340-348

Denny, J., Threlfall, J., Takkinen, J., Lofdahl, S., Westrell,
T, Varela, C., Adak, B., Boxall, N., Ethelberg, S,
Torpdahl, M. and Straetemans, M. (2007). Multina-
tional Salmonella Paratyphi B variant Java (Salmonella
Java) outbreak, August-December 2007. Weekly re-
leases (1997-2007). 12(51): 3332

Desenclos, J.C., Bouvet, P, Benz-Lemoine, E., Grimont, F.,
Desqueyroux, H., Rebiere, I. and Grimont, P. A. (1996)
Large outbreak of Salmonella enterica serotype
paratyphi B infection caused by a goats” milk cheese,
France, 1993: a case finding and epidemiological
study. BMJ. 312(7023): 91-94

Dorn, C., Schroeter, A., Miko, A., Protz, D. and Helmuth,
R. (2001) Increasing number of Salmonella paratyphi
B isolates from slaughtered poultry sent in to the
national Salmonella reference laboratory. Berl Munch
Tierarztl Wochenschr. 114(5-6): 179-183

Gaulin, C., Vincent, C., Alain, L. and Ismail, J. (2002)
Outbreak of Salmonella paratyphi B linked to
aquariums in the province of Quebec, 2000. Canada
communicable disease report. 28(11): 89-93

Harris, J.R., Bergmire-Sweat, D., Schlegel, ].H., Winpisinger,
K.A,, Klos, R.F., Perry, C., Tauxe, R.V. and Sotir, M.].

189

(2009) Multistate outbreak of Salmonella infections
associated with small turtle exposure, 2007-2008. Pe-
diatrics, 124(5): 1388-1394

Hassan, R., Tecle, S., Adcock, B., Kellis, M., Weiss, J.,
Saupe, A., Sorenson, A. Klos, R., Blankenship, J.,
Blessington, T. and Whitlock, L. (2018) Multistate
outbreak of Salmonella Paratyphi B variant L (+)
tartrate (+) and Salmonella Weltevreden infections
linked to imported frozen raw tuna: USA, March-July
2015. Epidemiol. Infect. 146(11): 1461-1467

Levings, R. S., Lightfoot, D., Hall, RM. and Djordjevic,
S. P. (2006) Aquariums as reservoirs for multidrug-
resistant Salmonella Paratyphi B.Emerg. Infect.
Dis. 12(3): 507-510

Miko, A., Guerra, B., Schroeter, A., Dorn, C. and Helmuth,
R. (2002). Molecular characterization of multiresistant
d-tartrate-positive Salmonella enterica serovar Paratyphi
B isolates. J. Clin. Microbiol. 40(9): 3184-3191

Stratton, J., Stefaniw, L., Grimsrud, K., Werker, D.H., Ellis,
A., Ashton, E., Chui, L., Blewett, E., Ahmed, R., Clark,
C. and Rodgers, F. (2001) Outbreak of Salmonella
paratyphi B var java due to contaminated alfalfa
sprouts in Alberta, British Columbia and Saskatchewan.
Canada communicable disease report. 27(16). 133-137

Van Pelt, W., Van der Zee, H., Wannet, W.J.B., Van de
Giessen, AW., Mevius, D.J.,, Bolder, N.M., Komijn,
R.E. and Van Duynhoven, Y.T.H.P. (2003) Explosive
increase of Salmonella Java in poultry in the
Netherlands: consequences for public health.
Eurosurveillance. 8(2): 31-35




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


