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ABSTRACT. The enzyme-linked immunosorbent assay (ELISA) was applied to detect antibodies 
against Brucella abortus in serum samples from four seal species at nine coastal locations of 
Hokkaido, Japan. These antibodies were detected in 27% (32/118) of Western Pacific harbor 
seals (Phoca vitulina stejnegeri) at Cape Erimo. The antibodies were observed in spotted seals 
(P. largha) in one out of six at Nemuro, in two out of three at Rebun Island, in one out of two at 
Bakkai, and in examined one at Soya. They were also found in respective examined one ribbon 
seal (Histriophoca fasciata) and one ringed seal (Pusa hispida) at Akkeshi. Harbor seals that tested 
positive were mostly yearlings (35%, 20/57) and juveniles (45%, 10/22), while only one pup 
(1/13) and one subadult (1/5) tested positive with low titers of the antibody; no antibodies were 
observed in adults (n=21). These results suggest that Brucella mainly infected harbor seals from 
the environment while weaning, and the bacteria were cleared during the early life stage of the 
seals. In spotted seals, however, antibodies were also detected in adults, suggesting that spotted 
seals could become infected with Brucella even as adults. It is also possible that a different, more 
persistent strain of Brucella may have infected the spotted seals.
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Brucella are gram-negative intracellular pathogenic bacteria that infect many mammalian species and cause reproductive 
disorders including abortion [2]. Marine Brucella were first isolated from seals and dolphins in 1994 [4, 26]. Several 
epidemiological studies have shown that marine Brucella infect various marine mammal species in waters throughout the world 
[5, 9, 10, 21, 24]. Based on their preferred hosts and molecular biological features, the isolates from cetaceans and pinnipeds are 
referred to as B. ceti and B. pinnipedialis, respectively [6, 27, 28]. Although several pathological changes including reproductive 
disorders and abortions have been reported in B. ceti, no lesions have been found in B. pinnipedialis-infected seals [5, 10, 21]. 
However, some cases of placentitis have been reported in two eared seal species: California sea lions (Zalophus californianus) and 
Northern fur seals (Callorhinus ursinus) inhabiting the eastern Pacific Ocean [3, 8].

The coasts of Hokkaido, the northernmost main island of Japan, accommodate several pinniped species. Western Pacific harbor 
seals (Phoca vitulina stejnegeri), a subspecies of the harbor seal (P. vitulina), have several haul-out sites along the eastern coast of 
Hokkaido, which is the southern limit of their habitat. Cape Erimo is their southernmost haul-out site. The seals deliver their pups 
on rocks from April to May, and nurse them for approximately four weeks [11]. Human activities caused the pinniped population to 
decrease until the 1970s, and with legal protection since then, the population has been recovering [16]. The spotted seal (P. largha), 
ribbon seal (Histriophoca fasciata) and ringed seal (Pusa hispida) are ice seal species distributed mainly in the Sea of Okhostk and 
the Bering Sea. They appear with ice floes in winter along the northeastern coast of Hokkaido, close to the southernmost limit of 
their habitat, and give birth and nurse their pups on the ice [12–14]. Spotted seals have recently been expanding their distribution 
not only to the eastern coast but also the western coast of Hokkaido [15, 20].

Although information on B. pinnipedialis infections in worldwide waters has been growing, it is still very limited regarding the 
western North Pacific. In 2017, we performed the first serologic study at Cape Erimo and the Shiretoko Peninsula in Hokkaido [1]. 
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Anti-Brucella antibodies were found in all pinniped species examined: Western Pacific harbor seals, spotted seals, ribbon seals, 
and Steller’s sea lions (Eumetopias jubatus jubatus). We continued serologic surveys at these locations and added several sampling 
locations, including the western coast of Hokkaido. In this study, we report on the epidemiological results and discuss the age 
profiles — both life-stage-dependent and -independent — of the seals where antibodies were present.

MATERIALS AND METHODS

Samples
The seal samples and locations where they were collected are summarized in Table 1 and Fig. 1. Blood samples were obtained 

from living seals which were captured in scientific capture-release surveys by Tokyo University of Agriculture and in population 
management by the Japanese Ministry of the Environment. When we found living seals which were incidentally caught by fishery 
nets, the blood samples were also collected. Bloods were taken from the vein of flippers, or of dura mater in euthanized animals. 
Serum samples were collected by centrifugation of the bloods and 
stored at −20°C until use. Permissions for the sampling were given 
from the Japanese Ministry of the Environment and the Hokkaido 
Government (Supplementary Table 1). All studies were conducted 
in accordance with the guideline of the Animal Ethics Committee 
of Tokyo University of Agriculture.

The overall health conditions of the seals were observed, and 
their body sizes were measured. Seal ages were estimated from 
body length based on data from previous studies (Kobayashi 
unpublished data). Ages of some harbor seals were also determined 
by counting growth layers in the cementum of the canine teeth. Their 
life stages were classified based on these estimations. Individuals 
receiving milk–less than one month old−were categorized as pup. 
Those less than one year old, 1 or 2 years old, 3 or 4 years old, and 
more than 5 years old, were respectively categorized as yearling, 
juvenile, subadult, and adult.

Enzyme-linked immunosorbent assay
Anti-Brucella serum antibodies were detected in an 

enzyme-linked immunosorbent assay (ELISA) according to the 
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Table 1. Biological information on seals providing sera samples in this study

Location a) Species
Sampling Date Number 

of seals
Seal biological feature

Year Period Sex (M/F) b) Life stage (P/Y/J/S/A) c)

Cape Erimo (A) Harbor seal (Phoca vitulina stejnegeri) 2013 Aug 31−Oct 23 3 1/2 0/3/0/0/0
2014 Aug 22−Nov 4 5 0/5 0/2/3/0/0
2015 May 25−Oct 14 21 10/11 1/16/3/0/1
2016 May 24−Nov 1 34 18/16 1/26/3/1/3
2017 May 23−Oct 19 55 16/39 11/10/13/4/17
Total 118 45/73 13/57/22/5/21

Spotted seal (Phoca largha) 2017 Sep 14 1 0/1 0/0/0/1/0
Nemuro (B) Spotted seal (Phoca largha) 2016 Dec 5 1 0/1 0/1/0/0/0

2017 Dec 1–8 5 1/4 0/0/0/1/4
Total 6 1/5 0/1/0/1/4

Akkeshi (C) Harbor seal (Phoca vitulina stejnegeri) 2013 Apr 22 1 0/1 0/0/0/0/1
2016 Jun 8 1 1/0 1/0/0/0/0
Total 2 1/1 1/0/0/0/1

Ribbon seal (Histriophoca fasciata) 2014 May 1 1 0/1 0/0/1/0/0
Ringed seal (Phoca hispida) 2014 Sep 2 1 0/1 0/1/0/0/0

Rebun Island (D) Spotted seal (Phoca largha) 2013 Dec 18–25 3 0/3 0/0/1/0/2
Bakkai (E) Spotted seal (Phoca largha) 2013 Dec 24–26 2 0/2 0/1/0/0/1
Soya (F) Spotted seal (Phoca largha) 2017 Oct 20 1 1/0 0/0/1/0/0
Teuri Island (G) Spotted seal (Phoca largha) 2016 May 20 1 0/1 0/0/1/0/0
Rausu (H) Spotted seal (Phoca largha) 2018 May 17 1 0/1 0/1/0/0/0
Hidaka (I) Ribbon seal (Histriophoca fasciata) 2014 May 13 1 1/0 1/0/0/0/0
a) Capital letters in parentheses refer to the sampling locations in Fig. 1. b) M/F: Male/Female. c) P/Y/J/S/A: Pup/Yearling/Juvenile/Subadult/Adult.

Fig. 1. Sampling sites in this study. A: Cape Erimo; B: Nemuro; C: 
Akkeshi; D: Rebun Island; E: Bakkai; F: Soya; G: Teuri Island; H: 
Rausu; I: Hidaka.
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previously described protocol with slight modification [1]. Commercially available inactivated B. abortus strain 125 (Kaketsuken 
Co., Kumamoto, Japan) was absorbed to the inner surface of each well (protein weight 7.6 μg/well) of a 96-well microtiter plate 
using a solid phasing buffer (0.1 M carbonate-bicarbonate buffer). After blocking with Block Ace (1 g/100 ml; Yukijirushi Co., 
Tokyo, Japan), the sera diluted at 1:100 were used as the primary antibody. After washing four times with PBS, horseradish 
peroxidase-conjugated Protein A/G (Thermo Fisher Scientific Inc., Waltham, MA, USA) diluted at 1:5,000 was used for detection. 
Color development was performed by adding a substrate solution (Kirkegaard & Perry Laboratories, Inc., Gaithersburg, MD, 
USA), and stopped with a stop solution (Kirkegaard & Perry Laboratories, Inc.). Absorbance at 405 nm was measured with a 
microplate reader (BIO-RAD Co., Hercules, CA, USA) and expressed as optical density (OD). The arithmetic mean of triplicate 
absorbance was then calculated. Because the absorbances of the serum samples from captive seals that were negative were in the 
range of 0.056–0.093 OD (n=16), absorbances lower than 0.1 were regarded as negative, and the absorbances of serum samples 
that were shown to be positive by Western blot analysis [1] and were higher than 0.2 OD, were regarded as positive; absorbances 
of 0.1–0.2 OD were regarded as intermediate.

RESULTS

The absorbances in ELISA and the positive rates are shown in Table 2. Anti-Brucella antibodies were detected in 32 serum 
samples (27%) from harbor seals at Cape Erimo. The antibodies were frequently detected in yearlings (35%; 95% Confidence 
Interval [CI]: 23–49%) and juveniles (45%; 95% CI: 24–68%) (Table 3). By contrast, there was only one positive individual among 
pups (8%; 95% CI: 0.2–36%) and one among subadults (20%; 95% CI: 0.5–72%); no positive antibodies were detected in adults 
(Table 3).
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Table 2. ELISA absorbances of the serum samples and positive rates

Location a) Species
Number of seals

Positive rate b)
Total OD<0.1 0.1≤OD<0.2 0.2≤OD

Cape Erimo (A) Harbor seal 118 72 14 32 32/118 (27%)
Spotted seal 1 0 1 0 ⁃

Nemuro (B) Spotted seal 6 4 1 1 1/6
Akkeshi (C) Harbor seal 2 1 1 0 ⁃

Ribbon seal 1 0 0 1 1/1
Ringed seal 1 0 0 1 1/1

Rebun Island (D) Spotted seal 3 1 0 2 2/3
Bakkai (E) Spotted seal 2 0 1 1 1/2
Soya (F) Spotted seal 1 0 0 1 1/1
Teuri Island (G) Spotted seal 1 0 1 0 ⁃
Rausu (H) Spotted seal 1 1 0 0 ⁃
Hidaka (I) Ribbon seal 1 1 0 0 ⁃
a) Capital letters in parentheses refer to the sampling locations in Fig. 1. b) Number positive/number tested. Absorbances higher 
than 0.2 OD (optical density) were regarded as positive.

Table 3. Relationships between sex and life stage regarding the presence of the anti-Brucella antibody in pinnipeds

Location a) Species
Number 

of 
positives

Breakdown of positives based on sex or life stage
Sex Life stage

Male Female Pup Yearling Juvenile Subadult Adult
Cape Erimo (A) Harbor seal 32 13 (29%, n=45) b) 19 (26%, n=73) 1 (8%, n=13) 20 (35%, n=57) 10 (45%, n=22) 1 (20%, n=5) 0

Spotted seal 0 0 0 0 0 0 0 0
Nemuro (B) Spotted seal 1 0 1 (n=5) 0 1 (n=1) 0 0 0
Akkeshi (C) Harbor seal 0 0 0 0 0 0 0 0

Ribbon seal 1 0 1 (n=1) 0 0 1 (n=1) 0 0
Ringed seal 1 0 1 (n=1) 0 1 (n=1) 0 0 0

Rebun Island (D) Spotted seal 2 0 2 (n=3) 0 0 1 (n=1) 0 1 (n=2)
Bakkai (E) Spotted seal 1 0 1 (n=2) 0 0 0 0 1 (n=1)
Soya (F) Spotted seal 1 1 (n=1) 0 0 0 1 (n=1) 0 0
Teuri Island (G) Spotted seal 0 0 0 0 0 0 0 0
Rausu (H) Spotted seal 0 0 0 0 0 0 0 0
Hidaka (I) Ribbon seal 0 0 0 0 0 0 0 0
a) Capital letters in parentheses refer to the sampling locations in Fig. 1. b) Percentages in harbor seals at Cape Erimo indicate the positive ratios to the total 
number of animals in the sex or life stage.
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The relationships between absorbances in ELISA and the life stages 
are shown in Fig. 2. One pup had positive serum with relatively low 
absorbance (OD=0.255). That of one subadult, estimated to be 3 years 
old, was positive but close to the threshold (OD=0.204). On the other 
hand, higher absorbances were observed in positive sera from pups 
and juveniles. No relationship was found between Brucella antibody 
positivity and sex (males: 29%, 95% CI: 16–44%; females: 26%, 95% 
CI: 17–38%) (Table 3).

Anti-Brucella antibodies were also detected in spotted seals at 
Nemuro (1/6), Rebun Island (2/3), Bakkai (1/2), Soya (1/1), and in 
one ribbon seal (n=1) and one ringed seal (n=1) at Akkeshi (Tables 
2, 3). Among the spotted seals, one adult was positive at Bakkai and 
another at Rebun Island.

DISCUSSION

The present serologic study, together with a previous work [1], 
showed that Brucella are prevalent in various pinniped populations 
of multiple species inhabiting the coasts of Hokkaido, Japan. Life-
stage-dependent antibody prevalence was found in harbor seals at Cape 
Erimo. A similar antibody pattern was reported in our previous study of 
harbor seals at this location, though information on the yearling stage is lacking [1]. As samples from seals in a variety of life stages 
are included in the present study, life stage dependency of the antibody profile is more clearly illustrated (Table 3, Fig. 2). A similar 
antibody pattern was reported in hooded seals (Cystophora cristata) in the North Atlantic population [22], Eastern Pacific harbor seals 
(P. vitulina richardii) in Washington state, USA [17], as well as harbor seals, spotted seals, ribbon seals, and ringed seals in Alaska [23].

The life-stage-dependent antibody profile suggests that the seals are exposed to the Brucella during the post-weaning period and 
that the bacteria are cleared from the infected seals within their early life stage. These observations may provide some important 
points concerning the pathogenicity and transmission of B. pinnipedialis. One point is that maternal transmission via the placenta 
and milk is not likely to occur. The Brucella may come from the environment during the post-weaning period via still unidentified 
routes that are avoided or rarely selected by adults. Large-scale studies on stomach contents showed only slight differences among 
life stages (Kobayashi unpublished data). Though we could not identify the source of Brucella, the infection possibly occurs via 
prey that juveniles prefer or other factors yet to be identified.

Lungworm, Parafilaroides sp., may be involved in the process [7, 25]. The B. pinnipedialis-infected lungworms may directly 
invade the seals, or be indirectly taken via lungworm-infected marine animals.

Another important point is that the Brucella may remain in the seals for only a short period. Larsen et al. [18, 19] have shown 
through in vitro experiments that B. pinnipedialis can enter macrophages and epithelial cells in seals but fails to replicate in those 
cells.

In the present study, however, two adult spotted seals were shown to be positive. This result is consistent with our previous 
study that a high prevalence of anti-Brucella antibodies was found in adult spotted seals (54%, n=24) at Rausu, on the Shiretoko 
Peninsula. The study also showed positive test results in adult ribbon seals (15%, n=13) and sea lions (20%, n=12) [1]. This 
discrepancy suggests that these seals can come into contact with sources of bacteria not only in their early life stage but also as 
adults, resulting in repeated infections. It is also possible that a different strain of Brucella whose infection is more persistent may 
invade these seal populations. The Western blot analysis in our previous study suggested the presence of two different Brucella 
strains in seals inhabiting the coast of Hokkaido. Band patterns formed by the sera in samples from spotted seals, ribbon seals, 
and sea lions were different from those formed by the sera from harbor seals [1]. Isolation and characterization of the Brucella 
from these seals would explain the different antibody response patterns. In addition to ongoing serologic surveys, comprehensive 
studies focusing on molecular biology and pathology are also important in gaining an understanding of the characteristics of marine 
Brucella and its impact on marine ecosystems in the western North Pacific Ocean.
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Fig. 2. Antibody titers and the life stages of harbor seals. Absor-
bance (optical density (OD) at 405 nm) in ELISA is indicated 
along the y-axis. Black closed circles indicate the arithmetic 
mean of the values for each seal sample, and those above the 
dotted line (0.2 OD) are regarded as positive.
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