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ABSTRACT

Poisoning due to ingestion of foods with elevated levels of biogenic amines (histamine, putrescine, cadaverine, and
tyramine) is well documented. Histamine fish poisoning largely is due to growth of naturally occurring bacteria associated with
scombroid fish species. A rapid and reliable method is needed to screen for the presence of histamine-forming bacteria in fish.
This study included a comparison of three methods for the detection of histamine-producing bacteria. A total of 152 histamine-
producing and non—histamine-producing bacteria from multiple sources were screened using a modified Niven’s agar method, a
potentiometric method, and a PCR-based assay targeting a 709-bp fragment of the histidine decarboxylase gene. Histamine
production by bacterial isolates was confirmed by high-performance liquid chromatography (HPLC). Bacterial strains were
categorized as producing high amounts of histamine, low amounts of histamine, or no histamine. Of the 152 strains tested, 128
(84%) were positive with the Niven’s agar method, 73 (48%) were positive with the potentiometric technique, and 74 (49%)
were positive with the PCR assay. Overall, a 38% false-positive rate was observed with the modified Niven’s agar method,
although this method detected both low-histamine and high-histamine strains. There was a high degree of concordance (>99%)
between results of the potentiometric and PCR methods, but neither of these methods detected low-histamine bacteria. These
observations support the need for a simple and straightforward yet sensitive method for detecting histamine-producing bacteria in

seafood and environmental samples.

Poisoning due to the ingestion of foods with elevated
levels of biogenic amines (histamine, putrescine, cadaver-
ine, and tyramine) is well documented (2). Of these amines,
histamine is a common cause of foodborne disease,
particularly in association with the consumption of fish.
For example, between 1990 and 2003, histamine fish
poisoning accounted for 7.5% of all foodborne disease
outbreaks and 38% of all seafood-related illnesses reported
to the U.S. Centers for Disease Control and Prevention (/0).

Excess histamine in foods occurs as a result of the
activity of amino acid-specific enzymes derived from
spoilage bacteria and has been associated with fermented
products such as salami, cheese, sauerkraut, and wine. In
fish, histamine is sometimes called scombrotoxin because of
its common association with scombroid fishes (i.e., tuna,
mackerel, and bonito) but has also been associated with
nonscombroid fish (mahi-mahi and bluefish), which have
high levels of amino acid precursors in their flesh.
Histamine fish poisoning occurs largely due to the growth
of naturally occurring gram-negative bacteria, e.g., Morga-
nella morganii, Raoultella planticola, and Enterobacter
aerogenes. Most of these organisms are mesophiles.
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Therefore, tight temperature control is important for the
prevention of histamine formation in fish, as reflected in the
hazard analysis critical control point guidelines of the U.S.
Food and Drug Administration (2). Unfortunately, rapid
chilling alone may not prevent the formation of high
concentrations of biogenic amines by a few psychrotrophic
histamine-producing bacteria (/4). Once formed, histamine
is resistant to commonly used food preservation methods,
including freezing, cooking, retorting, and smoking (/2).
A rapid and reliable method is needed to screen for the
presence of histamine-forming bacteria. Historically, fish
products have been screened for the presence of histamine-
producing bacteria using Niven’s agar, a differential growth
medium containing the pH indicator bromocresol purple,
tryptone, L-histidine hydrochloride, and a few other
components (5, 24, 26). Histamine accumulation occurs
during the growth of bacteria and results in a rise in pH,
which induces a color change, allowing for visualization of
positive bacterial colonies. This method is relatively easy to
use and inexpensive. However, some researchers have
reported loss of histamine production in bacterial strains
after cultivation in culture-based media (20). False-positive
reactions also are frequent, largely because of the formation
of other (nonhistamine) alkaline compounds during micro-
bial metabolism (3, 5, 2/). Investigators have sought to
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reduce such false-positive reactions by making various
modifications to the differential medium. By manipulating
the pH and the incubation time and temperature, Mavro-
matis and Quantick (23) produced a modified Niven’s
medium with increased selectivity.

The development of streamlined methods for detecting
histamine and/or gram-negative histamine-producing bacte-
ria in fish has been an area of active research. A
potentiometric method has been reported in which histamine
is detected based on an increase in conductance after growth
of histamine-producing microorganisms in histidine decar-
boxylase broth (/9). More recently, investigators have
focused efforts on the development of molecular techniques
(reviewed by Landete et al. (20)), which usually target the
gene hdc encoding the histidine decarboxylase enzyme (8,
9, 16, 17, 25). Takahashi et al. (25) developed a rapid
molecular method for detection of gram-negative histamine-
producing bacteria using PCR followed by single-strand
conformation polymorphism analysis.

The purpose of this study was to compare three
different methods used for the detection of histamine-
producing bacteria. Gram-negative bacteria with and
without histamine production capabilities were screened
on modified Niven’s agar, by conductance change after
incubation in histidine decarboxylase broth, and with a
PCR-based identification assay. These results were com-
pared directly with histamine production levels obtained
using high-performance liquid chromatography (HPLC).

MATERIALS AND METHODS

Culture library. Histamine-producing and non-histamine-
producing bacterial strains were obtained from multiples sources:
the American Type Culture Collection (ATCC; Manassas, VA),
Dr. Graham Fletcher (New Zealand Institute for Plant and Food
Research Ltd., Auckland), Dr. Rachel Nobles (University of North
Carolina—Chapel Hill Institute of Marine Sciences, Morehead
City), Dr. John Kaneko (PacMar Inc., Honolulu, HI), and Dr.
George Flick (Virginia Polytechnic Institute and State University,
Blacksburg). Some strains were isolated from fish (gills, belly
cavity, and muscle tissue of yellowfin tuna [Thunnus albacares],
mahi-mahi [Coryphaena hippurus], bluefish [Pomatomus salt-
atrix], and wahoo [Acanthocybium solandri]) and from environ-
mental samples collected in North Carolina and Hawaii.

Media components were obtained from Becton Dickinson
(Sparks, MD) unless otherwise specified. For isolation of naturally
occurring histamine-producing bacteria, surface swabs (32 cm?) or
tissue samples (5 g) were enriched in 10 ml of histidine broth
(pH 6.5) containing 1% Bacto Proteose Peptone, 0.3% yeast extract,
1.5% NaCl (all obtained from EMD, Gibbstown, NJ), and 0.5%
histidine (L-histidine hydrochloride monohydrate, Acros, Morris
Plains, NJ) and incubated at 37°C for 24 h. A 1-ml subsample of the
enrichment culture was incubated with 9 ml of Trypticase soy broth
(TSB) containing 2% histidine, 2% NaCl, and 0.0005% pyridoxal
HCI (TSB+; Alexis, Plymouth Meeting, PA) (pH 5.8) for 24 h at
37°C. Histamine formation in the subculture was tentatively
identified using the Veratox histamine test kit (Neogen Corp.,
Lansing, MI). Those enrichment cultures testing positive with the
Veratox kit were serially diluted in saline (0.85% NaCl), and 0.1 ml
was spread on Trypticase soy agar plates containing 2% NaCl. Ten
representative isolates were identified based on a combination of cell
morphology, gram stain results, and results from the Enteric and
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Nonfermenter BBL crystal identification test kit (Becton Dickinson).
Gram-negative histamine-producing and non-histamine-producing
bacteria were used for further screening.

Histamine detection by HPLC. HPLC chemicals were
obtained from J. T. Barker (Hayward, CA) unless otherwise
specified. Histamine concentration was determined by the HPLC
method of Cinquina et al. (6). Bacterial isolates were first
inoculated in duplicate into TSB+ (pH 6.5) and incubated at
37°C for 48 h, and a 200-ul aliquot of the culture broth was
extracted in 800 pl of 1 M perchloric acid (VWR, West Chester,
PA). The diluted sample was vortexed for 1 min, sonicated for
15 min, and centrifuged for 15 min at 4,160 X g at 4°C. The
supernatant was filtered through a 0.45-um-pore-size polytetraflu-
oroethylene filter (VWR) and diluted 1:10 in HPLC grade water.
This diluted sample was then injected onto a Luna C18(2) column
(Phenomenex, Torrance, CA) using an Agilent 1050 HPLC and
separated under isocratic conditions with 85% eluent A (85%
phosphate buffer, pH 6.9, and 15% methanol) and 15% eluent B
(acetonitrile). Flow rate was set at 0.5 ml/min, and detection was
achieved using a diode array detector at 214 nm. The detection
limit for this method was 125 ppm based on a histamine standard
curve constructed from serially diluted histamine suspensions of
2.5 to 200 ppm.

Culture-based method. Bacterial strains (n = 152) from the
culture library were streaked onto Niven’s agar (24) as modified by
the method of Mavromatis and Quantick (23), i.e., containing 0.5%
tryptone, 0.5% yeast extract, 2.7% histidine, 0.5% NaCl, 0.1%
CaCOj3; (Mallinckrodt, Hazelwood, MO), 3% agar, and 0.006%
bromocresol purple (Fisher Scientific, Pittsburgh, PA) and
incubated at 30°C for 48 h. Isolates were considered positive for
histamine production when the color of the medium changed from
green to purple.

Potentiometric method. Strains were evaluated for their
ability to increase conductance after growth in histidine decarbox-
ylase broth (HDB), in accordance with the method developed by
Klausen and Huss (/9) with slight modifications. Single isolates
were incubated in 9 ml of TSB for 24 h at 30°C. Samples were
diluted 1:10 in TSB, and 1 ml of the culture was added to 9 ml of
HDB containing 0.2% peptone, 0.1% Lab-Lemco (Oxoid,
Basingstoke, UK), 0.81% histidine, 0.5% NaCl, and 0.0005%
pyridoxal-HCI in potentiometric vials. Vials were placed into the
BacTrac instrument (SY-Lab, Neupurkersdorf, Austria), and
conductance was measured automatically at 10-min intervals for
24 h at 30°C. Results were expressed graphically as the percent
increase in medium conductance (%M) versus time. Positive
isolates were defined as those that increased the conductance of the
HDB above 5% of baseline within 24 h.

Molecular method. Culture strains were inoculated into 5 ml
of TSB containing 2% NaCl for 24 to 48 h, and DNA was isolated
using the UltraClean Microbial DNA isolation kit (Mo Bio
Laboratories, Carlsbad, CA) in accordance with manufacturer’s
instructions. Absorbance was recorded at 260 and 280 nm (Spectra
Max 190, Molecular Devices, Sunnyvale, CA) in a 96-well quartz
plate, and DNA concentration and purity were calculated using
standard formulae.

A 709-bp fragment of the hdc gene was amplified using
primers designed by Takahashi et al. (25): hdc-f (5'-TCH ATY
ARY AAC TGY GGT GAC TGG RG-3') and hdc-r (5'-CCC
ACA KCA TBA RWG GDG TRT GRC C-3'). Amplification was
performed in 50-pl reactions that included 25 pl of PCR master
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mix (50 U/ml Tag DNA polymerase, 400 pM concentrations of
each of the four deoxynucleoside triphosphates, reaction buffers,
and 3 mM MgCl,, pH 8.5; all provided by Promega Corp.,
Madison, WI), 75 pmol of each primer, and 20 ng of DNA
template. Amplifications were carried out for 40 cycles (94°C for
1 min, 52°C for 1 min, and 72°C for 1 min) in a GTC-2 thermal
cycler (Precision Scientific, Chicago, IL). PCR products were
separated on a 1% agarose gel at 86 V in 1X TBE (89 mM Tris-
borate, 2 mM EDTA, pH 8.3) for 1 h. Gels were stained with
ethidium bromide (0.3 pg/ml) and visualized with a UV transil-
luminator (UVP, Upland, CA). Product size was confirmed by
comparison with 100-bp molecular weight markers (Invitrogen,
Carlsbad, CA).

RESULTS AND DISCUSSION

A total of 152 isolates were screened in this study. On
the basis of HPLC analysis (which is considered the ‘‘gold
standard’’), the isolates were subclassified into three groups:
high histamine (>1,000 ppm) producers (73 of 152, 48%),
low histamine (126 to 500 ppm) producers (6 of 152, 4%),
and nonproducers (<125 ppm) (73 of 152, 48%). Using the
modified Niven’s method, 128 (84%) of the 152 cultures
screened were positive and 24 (16%) were negative for
histamine production. These 128 histamine-positive isolates
consisted of 73 high producers (57%), 6 low producers
(5%), and 49 nonproducers (38%); all 24 isolates that were
negative for histamine with the Niven’s method were
nonproducers (Table 1). Thus, when compared with the
HPLC gold standard method, the modified Niven’s
screening method produced a 38% (49 of 128) false-
positive rate. This finding is consistent with the work of
Lopez-Sabater et al. (2/) and Fletcher et al. (/3), who
similarly reported that detection of histamine-producing
bacteria using Niven’s agar resulted in 63 and 15% false-
positive rates, respectively. False-positive results are likely
due to the production of one or more basic compound(s)
capable of increasing the pH of the medium, resulting in the
characteristic color change also created by histamine-
producing strains (/).

With the potentiometric method, 73 (48%) of the 152
strains were positive; this group included all of the high
histamine producers. The remaining 79 strains (52%) were
negative for histamine production by the potentiometric
method and included all the strains in the library that were
classified as low producers and nonproducers as determined
by HPLC. This finding is consistent with the work of
Klausen and Huss (/9), who also obtained a positive
response using the potentiometric method when screening
high-histamine-producing strains of Morganella but a
negative response for nonproducing strains of Pseudomonas
and Alteromonas.

Using the PCR assay targeting the hdc gene, 74 (49%)
of the 152 strains screened were positive and 78 (51%) were
negative for histamine production. The isolates that were
histamine positive by PCR included all of the strains
designated as high histamine producers by HPLC and a
single isolate (Citrobacter freundii HW7.4) that was
classified as a nonproducer by both the potentiometric
method and HPLC. The strains that were negative for
histamine production by PCR included the remaining 72
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nonproducers and the 6 low producers classified by HPLC.
Takahashi et al. (25) similarly found that all high histamine
producers in their study produced positive PCR results when
targeting the hdc gene with the same primer set. These
investigators also identified low-histamine-producing strains
of Citrobacter braakii and Hafnia alvei that produced
negative and positive PCR results, respectively. Using
different primers based on the hdc gene for the R. planticola
HDC protein, Kanki et al. (15) successfully amplified a 724-
bp fragment from all the histamine-producing R. planticola
and Raoutella ornithinolytica strains in their library, as did
De las Rivas et al. (9) for a 534-bp amplification product.
However, neither of these research groups examined low-
histamine-producing bacteria such as C. freundii and H.
alvei for amplification of the hdc gene.

Both the potentiometric and PCR methods produced
results that were similar to those obtained with the HPLC
gold standard when screening strains that produce high
amounts of histamine; concordance between either of these
methods and HPLC exceeded 99%. Similarly high concor-
dance was found when comparing the potentiometric and
PCR-based methods to one another. High histamine
producers are more likely than the low histamine producers
to produce toxic levels of histamine under conditions of
temperature abuse (/8). Therefore, the presence of high-
histamine-producing bacteria suggests a higher likelihood
for product adulteration, which is compelling justification
for the use of either the potentiometric or the PCR-based
methods for routine screening for histamine-producing
bacteria in natural environments.

However, neither the potentiometric nor the PCR
method was acceptable for the identification of low-
histamine-producing bacteria. With the potentiometric
method, the small amounts of histamine (<500 ppm)
produced by these strains may have been insufficient to
result in detectable changes in conductance. Another
explanation is that other bacterial amino acid decarboxyl-
ases, such as the arginine decarboxylase, were able to
metabolize histidine in addition to their natural substrates;
this phenomenon has been observed for strains of
Salmonella Typhimurium and Escherichia coli (4, 7). Either
or both of these explanations may account for the
potentiometric results. However, we also were unable to
detect the hdc gene in these same low histamine producers.
The significance of this finding is currently unknown. The
hdc gene associated with similar low-histamine-producing
stains of species such as C. freundii and H. alvei has yet to
be identified and may be plasmid associated (17, 20).
Histamine producers may lose their ability to form
histamine during prolonged storage or cultivation of isolated
strains in synthetic media (22), and this loss of histamine
production may be related to loss of plasmids containing the
hdc gene. Other possible explanations for these findings are
the absence of an Adc gene, presence of an alternative hdc
gene sequence, and/or loss of a plasmid-borne gene.

The modified Niven’s method is the easiest and least
costly of the three approaches evaluated in this study.
Advantages of the modified Niven’s method are its
adaptability to quantitative assay, making it useful for the
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TABLE 1. Histamine production by various bacterial strains as determined using the modified Niven's, potentiometric, and PCR-

based methods

No. of strains positive/no. of strains tested

Histamine (ppm)*

Bacterial species or strain Niven’s Potentiometric
Morganella morganii 30/30 30/30
Providencia rustigianii 3/3 3/3
Proteus mirabilis 2/2 2/2
Raoutella planticola 1/1 1/1
R. ornithinolytica 2/2 2/2
Enterobacter aerogenes 6/6 6/6
E. gergoviae 2/2 2/2
Photobacterium damselae 27/27 27127
Klebsiella oxitoca 1/1 0/1
Hafnia alvei 3/3 0/3

ATCC 13337, NZ1 2/2 0/2
HW46.3 1/1 0/1
Vibrio alginolyticus 2/2 0/2
Citrobacter freundii 21/21 0/21
BO216, A4077, A4086, FT761 4/4 0/4
ATCC 8090, BR121, BR129,
B0O240, BO251, BO201,
BO222, HPP304, A4083,
FT730, BR902, HW12.1,
HWI16.3, HW17.1, HW24.1,
HWI1.4, HW7.4¢ 17/17 0/17
C. amalonaticus 1/1 0/1
Serratia marcescens 1/1 0/1
V. mimicus 1/1 0/1
Pseudomonas putida 1/1 0/1
Shewanella putrefaciens 6/6 0/6
E. cloacae 11/11 0/11
Escherichia hermannii 2/2 0/2
V. parahemolyticus 1/1 0/1
V. fluvialis 2/2 0/2
Pseudomonas aeruginosa 2/6 0/6
ATCC 27853, HW19.3 2/2 0/2
HW22.3, HW28.6, NZ8, NZ10 0/4 0/4
Escherichia coli 0/13 0/13
Listeria innocua 0/3 0/3
Shigella flexneri 0/1 0/1

PCR Mean Range Source”
30/30 4,466  2,880-6,353 ATCC, NC, HI, NZ, ICPB
3/3 4,269  3,778-4,383  NC, HI
2/2 4,114 40244204 NC
1/1 6,143 ATCC
2/2 5,624  5,459-5,789 NC
6/6 6,660  2,833-7,779  ATCC, NC, HI
2/2 5,634 3,508-7,760 HI
27/27 3,372 1,622-7,711  NC, HI
01 <125 ATCC
0/3
0/2 181 171204 ATCC, NZ
0/1 <125 HI
0/2 <125 ATCC, NC
1/21
0/4 265 126448 NC
1917 <125 ATCC, NC HI
01 <125 HI
0/1 <125 HI
0/1 <125 NC
01 <125 NC
0/6 <125 NC
0/11 <125 NC
0/2 <125 HI
0/1 <125 NC
0/2 <125 HI
0/6 <125
0/2 <125 HI, ATCC
0/4 <125 HI, NZ
0/13 <125 ATCC, NC
0/3 <125 NC
0/1 <125 ATCC

“ Histamine production of isolates as determined by HPLC (the gold standard). Values are mean histamine produced by a species based on
two independent replicates for each strain and range of histamine produced by each species.
b ATCC, American Type Culture Collection; ICPB, International Collection of Phytopathogenic Bacteria, Davis, CA; NC, North Carolina;

HI, Hawaii; NZ, New Zealand.
“ PCR-positive isolate.

enumeration of histamine-producing bacteria from natural
(fish and environmental) samples, and its reliability for
identification of low-histamine-producing strains, although
these strains may not produce histamine of toxicological
significance (>500 ppm). Nonetheless, the high incidence
of false-positive results means that detection of histamine
producers using modified Niven’s medium should be
considered presumptive only, requiring further confirma-
tion. This necessity complicates the assay and calls into
question the interpretation of enumerative results. The
potentiometric and PCR methods require more expensive
equipment and a higher degree of training for the user but

are faster (<24 h). Although these methods do not reliably
detect strains producing low amounts of histamine, they
accurately detect high-histamine-producing strains that are
more likely to produce histamine levels of toxicological
significance. These observations support the need for a
straightforward method for identifying histamine-producing
bacteria; this method should combine cultural methods with
potentiometric or molecular methods. A logical approach
would be colony lift hybridization, which uses the combined
power of microbiological culture with nucleic acid hybrid-
ization. This method is uniquely suited to situations in
which the performance of selective and/or differential media
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is less than perfect. Colony lift hybridization provides more
accurate quantitative results because the target organism can
be confirmed without the need for subculturing. Efforts to
develop such a method are currently underway.
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