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The gastric fluid and feces of three belugas from the Mystic Aquarium were assessed for the presence of
Helicobacter spp. Gastric fluid and feces from the two clinically healthy belugas were negative for helicobacter,
and endoscopy performed on these animals revealed no lesions. However, a helicobacter isolate and PCR
product similar to helicobacter strains previously recovered from dolphins were identified, respectively, from
the feces and gastric fluid of a beluga manifesting intermittent inappetence and lethargy. Esophageal and
forestomach ulcers were noted on endoscopy. This is the first report of novel Helicobacter spp. being identified
from whales.

Belugas are a circumpolar species with an endangered relic
population living in the Saint Lawrence River Estuary (17, 18,
23). Three belugas (animals 1, 2, and 3) cohoused at the Mystic
Aquarium were assessed for helicobacter infection. Animal 1
manifested clinical signs, including intermittent inappetence
and lethargy, and esophageal and forestomach ulcers were
observed at endoscopic examination. Animals 2 and 3 showed
no clinical signs, nor were esophageal and forestomach ulcers
diagnosed endoscopically.

Rectal swabs and gastric fluid were obtained from all three
belugas for culture and PCR. A sterile swab (Becton Dickinson
and Company, Sparks, Md.) was inserted through the anus to
a depth sufficient to coat the swab with feces. The swab was
then removed and placed in vials containing 20% glycerol in
brucella broth. The gastric fluid was collected by endoscopy
(Olympus 210-cm Videoscope) and aliquoted in individual
one-dram vials. The endoscope and its channels were rinsed
sequentially in dilute chlorhexidine, 70% alcohol, and water
between each sampling. A Massachusetts Institute of Technol-
ogy (MIT) accession number was assigned to each fecal and
gastric fluid sample collected: samples from animal 1 were
MIT 00-7128 and MIT 00-7129, those from animal 2 were MIT
00-7125 and MIT 00-7126, and those from animal 3 were MIT
00-7131 and MIT 00-7132. These sample numbers are used
throughout this work.

The fecal and gastric fluid samples used for microaerobic
culture were placed in individual vials with 3 ml of 20% glyc-
erol in brucella broth. The samples were placed on dry ice and
then stored at �70°C prior to culture. The media used for
culture were Trypticase soy agar with 5% sheep blood and
TVP (trimethoprim, vancomycin, and polymyxin) and CVA
(cefoperazone, vancomycin, and amphotericin B) antibiotic-
impregnated media (Remel Laboratories, Lenexa, Kans.). In

addition, selective antibiotic medium (ABM) was prepared
with blood agar base (Oxoid; Remel), 5% horse blood (Re-
mel), amphotericin B (50 �g/ml), vancomycin (100 �g/ml),
polymyxin B (3.3 �g/ml), bacitracin (200 �g/ml), and nalidixic
acid (10.7 �/ml) (all antibiotics from Sigma Chemical Co., St.
Louis, Mo.). Approximately 0.5 g of feces was homogenized in
1 ml of brucella broth (Difco Laboratories, Detroit, Mich.)
containing 5% fetal calf serum (Summit Technologies, Fort
Collins, Colo.) in a glass tissue grinder. Approximately 100 �l
of each sample was applied directly to TVP, CVA, and ABM
media. In order to remove larger bacterial contaminants, half
of the remaining portion of the sample was filtered through a
0.45-�m-pore-size filter onto a blood agar plate. The plates
were incubated at 37°C under microaerobic conditions for 2 to
4 weeks in vented jars containing N2, H2, and CO2 (80:10:10).
Biochemical and morphological analyses following a previously
described protocol were performed on isolated bacteria (13,
20).

DNA was extracted from the feces and gastric fluid using a
modified Mini QIAamp DNA kit (Qiagen Inc., Valencia, Cal-
if.). Helicobacter sp.-specific primers C97 and C05 were used to
generate 16S rRNA amplicons of 1,200 bp (Table 1) (8). Ap-
proximately 40 ng (10 �l) of the DNA preparation from the
feces and from the gastric fluid was used for PCR. The PCR
mixture contained 1� Expand High Fidelity PCR System
buffer, a 0.5 �M concentration of each of the two primers, a
200 �M concentration of each deoxynucleoside triphosphate,
and 200 �g of bovine serum albumin per ml. The samples were
heated at 94°C for 4 min, centrifuged briefly, and cooled to
58°C, and 2.6 U of High Fidelity PCR System enzyme mix
(Roche Molecular Biochemicals, Indianapolis, Ind.) was
added. Amplification conditions were as follows: denaturation
at 94°C for 1 min, annealing at 58°C for 2 min, and elongation
at 72°C for 3 min. Thirty-five cycles were completed before a
final elongation step at 72°C for 8 min. A 15-�l aliquot of the
PCR product was electrophoresed through a 1% agarose gel
separation matrix prior to ethidium bromide staining and view-
ing under a UV light.

A TOPO TA cloning kit vector was used for cloning the
PCR products (Invitrogen, Carlsbad, Calif.). Four microliters
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of PCR product was ligated with 1 �l of vector at room tem-
perature for 30 min and then transferred into Top 10 compe-
tent cells. Ampicillin plates with X-Gal (5-bromo-4-chloro-3-
indolyl-�-D-galactopyranoside) were used to select positive
clones. Plasmid DNA was isolated from Escherichia coli with a
QIAprep Spin Mini Prep kit (Qiagen). The 1,200-bp sequence
of one PCR product using Helicobacter sp. genus-specific
primers was obtained by cycle sequencing (8).

The 16S rRNA cistrons from a fecal culture isolate (MIT
00-7128) were amplified by PCR, purified, and sequenced us-
ing our protocol previously described (8, 15).

Sequence data were entered into RNA, a program set writ-
ten in Microsoft QuickBasic for data entry, editing, sequence
alignment, secondary structure comparison, similarity matrix
generation, and dendrogram construction for 16S rRNA se-
quences (22). Sequences were aligned as previously described
(22). Our database contains over 1,000 sequences obtained in
our laboratory and over 500 retrieved from GenBank. Den-
drograms were constructed by the neighbor-joining method.

Helicobacter species-specific 1.2-kb PCR products were sub-
jected to restriction fragment length polymorphism (RFLP)
analysis. DNA digestion was accomplished by adding 10 U
each of restriction endonucleases AluI and HhaI (New En-
gland Biolabs, Beverly, Mass.) and 2 �l of restriction buffer
(New England Biolabs) to 16 �l of DNA and incubating at
37°C for 2 h. The samples were then electrophoresed through
a 6% Visigel separation matrix followed by ethidium bromide
staining and were viewed by UV illumination.

The culture results were positive for Helicobacter sp. from
the feces (sample MIT 00-7128) of the clinically ill beluga,
animal 1. Helicobacter spp. were not isolated by culture from
the feces of animals 2 and 3, nor were they isolated from the
gastric fluid of any of the three animals. The Helicobacter sp.
isolated from the fecal culture was oxidase, catalase, and ure-
ase positive but negative for nitrate reduction, alkaline phos-
phatase hydrolysis, and indoxyl acetate hydrolysis. The isolate
grew at 37 and 42°C and was susceptible to cephalothin and
resistant to nalidixic acid.

The feces and gastric fluid from the clinically ill beluga
(animal 1) were positive for the presence of a 1,200-bp PCR-
specific Helicobacter sp. product, whereas the feces and gastric
fluid from animal 2 (samples MIT 00-7125 and MIT 00-7126)
and animal 3 (sample MIT 00-7131 and MIT 00-7132) were
negative (Fig. 1).

A full 16S rRNA sequence of about 1,490 bp was obtained
from the fecal culture bacterial isolate MIT 00-7128, and a
1,200-bp Helicobacter species-specific PCR product was se-
quenced from the gastric fluid specimen MIT 00-7129. A den-
drogram illustrating the alignment of these sequences is shown

in Fig. 2. The beluga helicobacter sequences clustered with two
novel dolphin helicobacter isolates previously described by us
as well as with other recognized species of gastric helico-
bacters. The sequence for the novel helicobacter beluga fecal
culture isolate MIT 00-7128 (ATCC BAA-429) differs from
that of helicobacter dolphin isolate MIT 99-5656 by only 4 bp
(99.7% similar) and thus appears to represent the same species
(15). The 1,200-bp sequence from the beluga gastric PCR
product, MIT 00-7129, is most closely related to a 1,200-bp
PCR product from the stomach of another dolphin, sample
MIT 99-5659-3 (15). However, these sequences differ by 28 bp
(97.7% similar) and may represent a different taxon.

Two RFLP patterns (one from feces and the other from
gastric fluid) were observed from the two 1,200-bp Helicobacter
sp.-specific PCR products obtained from animal 1. Two pat-
terns were observed in the HhaI digests; one pattern was ob-
served in the AluI digests. Thus, the two RFLP patterns agree
with the 16S rRNA sequence data indicating that the two
beluga helicobacters are distinct from each other (Fig. 3).

FIG. 1. Gel electrophoresis with ethidium bromide staining dem-
onstrating 1,200-bp PCR target sequence using Helicobacter-specific
primers (arrow). Lane MW, molecular weight standards; lane 1, re-
agent control; lane 2, Helicobacter-positive control (H. hepaticus); lanes
3 and 4, MIT 00-7125 and MIT 00-7126 (animal 2), representing the
beluga feces and gastric fluid, respectively; lanes 5 and 6, MIT 00-7131
and MIT 00-7132 (animal 3), representing the beluga feces and gastric
fluid, respectively; lanes 7 and 8, MIT 00-7128 and MIT 00-7129,
representing the DNA from beluga (animal 1) feces and gastric fluid,
respectively.

TABLE 1. PCR primers used in this study

Primera Position Orientation PCR specificity Sequence

F24 9–27 Forward Universal GAGTTTGATYMTGGCTCAG
F25 1525–1541 Reverse Universal AAGGAGGTGWTCCARCC
C97 276–291 Forward Helicobacter GCTATGACGGGTATCC
C05 1477–1495 Reverse Helicobacter ACTTCACCCCAGTCGCTG

a Primers F24 and F25 were used for PCR of genomic DNA for cycle sequencing. Primers C97 and C05 were used to amplify a 1.2-kb product from fecal samples
for cloning.
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Although the RFLP patterns of samples MIT 00-7128 (feces)
and MIT 00-7129 (gastric fluid) differed from each other, each
was identical to that of its closest neighbor in the 16S rRNA
tree: Atlantic white-sided dolphin isolates MIT 99-5656 and
MIT 99-5659-3, respectively (Fig. 3) (15).

Cetaceans have a three-chambered stomach: the nonglan-
dular forestomach, the glandular main stomach, and the pylo-
ric stomach (5, 16, 25, 26). Gastric helicobacters colonize only
the glandular tissue and do not colonize the nonglandular
stomach. In cetaceans, ulcers are visualized in both the non-

glandular and glandular stomach (1, 7, 14, 28, 29). Due to the
size of the animal and the length of the endoscope, it is not
known if the helicobacter-positive beluga had lesions in the
glandular stomach. Previous studies indicated that helico-
bacters colonize the main and pyloric stomachs in dolphins and
did not colonize the forestomach (15). Interestingly, pigs, like
cetaceans, have glandular and nonglandular portions of their
stomachs (6, 9, 24, 27). In swine, gastric ulcers are identified in
the nonglandular pars esophagea (6). Although the etiopatho-
genesis of gastric ulcer disease in pigs remains unclear, inves-
tigators have recently suggested that gastric lesions in the non-
glandular stomach may be related to the presence of
helicobacters in the glandular stomach (3, 6, 27).

The majority of the studies on the epizootiology of helico-
bacter infections in animals have been conducted with H. mus-
telae in ferrets (11, 12). The data indicated that transmission of
H. mustelae is fecal-oral (4, 11, 12). H. pylori also has been
cultured from feces and may survive in water in a noncultur-
able but viable coccoid form (10, 30, 31). The other proposed
route of transmission is oral-oral (2, 19, 21, 31). H. pylori has
also been cultured from saliva and dental plaques from hu-
mans, which argues for an oral-oral transmission (2, 19). Hel-
icobacter spp. were identified by PCR in the gastric fluid and
feces of the clinically affected beluga which manifested esoph-
ageal and forestomach ulcers on endoscopy. Interestingly, Hel-
icobacter spp. were not identified in the other two whales,
which had no clinical signs. In addition, gastric lesions were not
visualized in the two clinically normal belugas during endos-
copy despite the fact that all three belugas had been housed
together since 1984. Although whale feces usually dissipates
within a few seconds and disinfection of the water in the aquar-
ium is attempted with a combination of ozone and chlorine,
the ability to culture a gastric helicobacter from the feces of a
beluga suggests that fecal-oral transmission may be important
in the epizootiology of this infection in cetaceans. This seems
possible given that the whales previously resided in an enclosed
aquatic ecosystem that contained at least one bottlenose dol-
phin with confirmed gastric ulcers. Alternatively, helicobacter
infection acquired prior to capture is supported by the appar-
ent lack of helicobacter infection in the other two belugas
sharing the same environment.

FIG. 2. Dendrogram depicting the phylogenetic location of the Helicobacter spp. constructed on the basis of 16S rRNA sequence similarity
values. The sequences from the beluga whale (isolates MIT 00-7128 and MIT 00-7129) are identified with arrows. The number in parentheses
following the MIT accession number is the GenBank accession number. The scale bare is equal to a 2% difference in nucleotide sequences as
determined by measuring the lengths of the horizontal lines connecting two species.

FIG. 3. PCR-RFLP patterns of the 1,200-bp species-specific Heli-
cobacter PCR product from beluga gastric fluid and feces. Lane MW,
molecular weight standards; lane 1, MIT 00-7128 PCR product from
beluga fecal isolate digested by HhaI; lane 2, MIT 00-7129 PCR prod-
uct from beluga gastric fluid digested by HhaI; lane 3, MIT 00-7128
PCR product from beluga fecal isolate digested by AluI; lane 4, MIT
00-7129 PCR product from beluga gastric fluid digested by AluI.
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In this study, a beluga with clinical signs was infected with a
helicobacter identical to a novel helicobacter isolated from the
inflamed main stomachs of stranded dolphins (15). The Heli-
cobacter sp. (specimen MIT 00-7128) isolated from fecal cul-
ture was urease, catalase, and oxidase positive, which is bio-
chemically consistent with the three gastric helicobacters
isolated from dolphins (15). While divergence in the 16S
rRNA sequences of up to 4% would suggest that the dolphin
and whale isolates could represent up to five species, the phe-
notypic consistency and limited number of strains would sug-
gest grouping them in a single cetacean taxon until additional
isolates are obtained and studied. To our knowledge this is the
first report of a Helicobacter sp. being isolated and character-
ized from a whale. Identifying Helicobacter spp. from the feces
and gastric fluid provides a noninvasive method to diagnose
helicobacter infection in marine mammals. Further studies are
required to define the role of Helicobacter spp. in the etio-
pathogenesis of gastric ulcers in cetaceans.
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