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Huntley et al (1963) recently reported
on the occurrence of brucellosis among
Eskimos inhabiting the Arctic slope
of Alaska. An epidemiologic survey con-
ducted by these investigators estab-
lished the source of the disease for the
Eskimos as direct contact with infected
carcasses of the wild reindeer, Rangifer
tarandus, which they use for milk, meat,
and clothing. Questions that remain un-
answered in the report of Huntley et al
are: (1) What is the specific identity of
these strains of Brucella, and (2) what
was the source of infection for Alaskan
reindeer? Huntley et al thought that the
cultural and antigenic characteristics of
the strains suggested a closer relation-
ship to Brucella melitensts than to either
B. suis or B. abortus, but they declined
to offer a more precise identity. The
only other reported isolation of Brucella
organisms in Alaska was made by Ed-
wards (1959), and at that time the
organism was identified as B. suis type
2. The strain isolated in 1959 as well as
2 of the strains reported by Huntley
et al were obtained for metabolic and
bacteriophage examination with the
hope that these additional methods
would help to provide their specific
identity. The purpose of this paper is to
present evidence to support the con-
clusion that the organisms isolated
from Alaskan Eskimos are members of
the species B. suts and also to provide
epidemiologic information concerning
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the source of infection for reindeer
herds in Alaska.

METHODS

Each of the 3 strains of Brucella used
in this investigation was isolated from
Eskimos in Alaska. Strain number
A-1959 is the strain that was isolated by
Edwards in 1959, and strains 2-0151 and
AHRL-2 were isolated by Huntley et al
(1963). Strains 1330 and 16 M are
World Health Organization standard
reference strains. The biotypes of B. suis
have been reported on previously
(Meyer and Cameron, 1963).

Conventional procedures for ascer-
taining carbon dioxide requirements,
hydrogen sulfide production, and the
bacteriostatic action of basic fuchsin
and thionin on the growth of the organ-
ism were carried out as recommended by
the Joint FAO/WHO Expert Commit-
tee on Brucellosis (1953, 1958). The
method of Jones (1958) was used for
the preparation of monospecific anti-
sera.

Methods for preparation of Brucella
bacteriophage and its use in the specia-
tion of the genus Brucella have been
detailed by Jones (1960), Meyer (1961a,
1962), and Meyer and Morgan (1962).

Resting cell suspensions for mano-
metric determinations were prepared as
described by Meyer and Cameron
(1958). The substrates were dissolved in
Sorensen’s 0.06 M phosphate buffer
and, when necessary, the pH of the
solution was adjusted to 7 by the addi-
tion of sodium hydroxide. Conventional
manometric techniques were employed
to determine oxygen uptake (Umbreit
et al, 1957). Each flask contained 1 ml
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TasLe 1.—Differentiation of Brucella melitensis from the biotypes of Brucella suis by the
conventional biochemical tests

Aggluti-
nation
Dye bacteriostasis, ug per ml medium with
H,S production mono- Lysis
Species and strain on day: Thionin Basic fuchsin specific by con-
number antisera centrated
1 2 3 4 10 15 20 25 50 10 1S 20 against phage¥*
antigens
A M
B. melitensis type1,16 M — — — — + -+ + - — -+ + + - + -
B. suis type 1, 1330 + + + + + + + + + = - - + - +
B. suis type 2, 570 — - 4+  + 4+ - - - — + - — + - +
B, suis type 3, 686 - - - + + + + + + + 4+ + + — +
Alaskan, 1959 - - - #t + + + + + + + + + + +
Alaskan, 2-0151 - - - % + + + + + + 4+ 4+ +  + +
Alaskan, AHRL-2 - - = % + + + + + + + + + 4+ +

None of these strains required CO; for initial isolation.
* None were lysed by the routine test dilution of phage.

cell suspension, 0.5 ml substrate, 1.4 ml
buffer, and 0.1 ml KOH. All experi-
ments were performed in duplicate and
repeated on separate lots of media. The
figures given in the results are typical
QN values with the endogenous res-
piration rates subtracted.

RESULTS AND DISCUSSION

Table 1 compares the biochemical
and serological characteristics of the
Alaskan strains with standard strains of
B. melitensis and with 3 biotyes of B.
suts. Table 2 shows their comparative
oxidative metabolic patterns.

Table 1 shows that the Alaskan
strains are identical to B. suis type 3 in
their biochemical characteristics and in
their growth patterns on basic fuchsin
and thionin. By these conventional
determinative methods, one of the

critical features that differentiates B.
melitensis from B. suis type 3 is the
ability of the latter type to grow on 4
to 5 times the concentration of thionin
that is inhibiting for all the biotypes of
B. melitensis (Meyer, 1961b; Meyer and
Morgan, 1962; Meyer and Cameron,
1963). The Alaskan strains also are
similar to all biotypes of B. suts in their
response to Brucella bacteriophage.
Only B. abortus is lysed at the routine
test dilution; B. melitensis is resistant
to lysis; and lawns of B. suis show areas
of clearing when concentrated (10,000
times the routine test dilution) or
stock suspensions of phage are used. The
host-phage relationship in the species of
B. suis is currently disputed by Stable-
forth and Jones (1963) who report that
the clearing observed with concentrated
phage is lysis from without rather than

TaBLE 2.—Differentiation of Brucella melitensis from the biotypes of Brucella suis by
oxidative metabolic patterns

Substrates
Species and Amino acids Carbohydrates
strain number
D- - L- L- DL- DL- L- L- i~ D- D-
alanine alanine aspara- gluta- orni-  citrul- arginine lysine arabi- galac- ribose
gine mate thine line nose tose
B. melitensis type
1,16 M 208 198 222 412 19 4 8 10 0 4] 30
B. suis type 1, 1330 122 30 8 17 165 139 76 113 210 113 342
B, suis type 2, 570 36 38 35 156 144 156 87 19 239 70 420
B. suis type 3, 686 82 38 (1] 87 175 138 69 73 30 16 287
Alaskan, 1959 151 28 0 100 158 165 85 56 20 12 282
Alaskan, 2-0151 150 13 6 90 210 131 51 52 31 3 266
Alaskan, AHRL-2 101 37 Q 91 200 186 140 45 21 0 222

20z 1Mdy 0z uo }senb Aq 6861.88/691/2/t L L/o1oWIE/pIl/W0od dno-olwapede//:sdiy woly papeojumo(



BRUCELLA STRAINS FROM ALASKAN EskKiMos 171

true plaque formation and by Calderone
and Pickett (1964) who believe that it is
true lysis. Irrespective of the mechanism
involved, the important point here is
that the Alaskan strains respond in a
manner identical to B. suis and dis-
similar to B. melitensis.

Table 2 shows that the organisms of
Alaskan origin display a pattern of oxi-
dative metabolism that is uniform
among the 3 strains, is distinguishing
for the species of B. suis, and is dis-
tinctly different from the oxidative
pattern of B. melitensis. The rates of
utilization on D- and L-alanine, L-
asparagine, L-glutamic acid, DL-orni-
thine, pL-citrulline, L-arginine, L-lysine,
and D-ribose are within the rate ranges
which characterize B. suis and differen-
tiate this species from B. abortus and
B. melitensis (Meyer and Cameron,
1958, 1961a, b, 1963; Meyer, 1961b).
The biotypes within the species of B.
suis can be differentiated by differences
in carbohydrate utilization. The Alas-
kan strains oxidize the same carbo-
hydrates as B. suis type 3.

By use of the biochemical, phage, and
metabolic tests recommended by the
Subcommittee on Taxonomy of Brucella
of the International Committee on
Bacteriological Nomenclature (Stable-
forth and Jones, 1963) for the differen-
tiation of the species and biotypes of
Brucella, the Alaskan strains are indis-
tinguishable from B. suzs type 3. They
differ from this biotype serologically in
that they agglutinate both B. abortus
and B. melitensis monospecific antisera,
while B. suzs type 3 agglutinates with
only B. abortus monospecific antisera.
The simultaneous presence of both anti-
gens is not unique to only these strains
in this genus. Five of the 9 biotypes of
B. abortus agglutinate with B. melitensis
monospecific antisera and 2 of the 3
biotypes of B. melitensis agglutinate
with B. aborius monospecific antisera.

The ability to agglutinate with either,
or both, types of antisera is not a spe-
cies-identifying characteristic but is one
of the features used to define a biotype
within a spectes. In view of the overall
characteristics displayed by the Bru-
cella organisms isolated by Huntley
et al (1963) and in accord with the cur-
rent classification system for this genus,
it is suggested that these strains and
others fitting the same description be
classified as B. suzs type 4.

The occurrence of brucellosis in
reindeer has been reported previously
by several Russian investigators. Davy-
dov (1961) isolated 72 strains of
Brucella from R. tarandus, presented the
same description of these organisms as
did Huntley et al, and suggested that
they be classified as a new species,
Brucella rangifert tarands.

Cherchenko and Bakaeva (1962) who
isolated 16 strains from reindeer in
Siberia described them as having the
same characteristics as the Davydov
strains, but they suggested that such
strains be classified as a stable variant
of B. melitensis.

Pinigin and Petukhova (1962) who
studied 41 strains isolated from reindeer
in the Taimur and Magadan Regions of
Russia described the organism inden-
tically as had the other investigators
and urged that such strains be known as
Brucella rangifers.

All available literature reports indi-
cate that the Brucella organisms iso-
lated from the reindeer species R.
tarandus in Siberia and other parts of
Russia are of similar description to those
isolated from the same species of
reindeer and from human beings ex-
posed to infected reindeer on the North
American continent. While it is not
possible to offer irrefutable proof that
the strains isolated in Russia are indeed
B. suis type 4, epidemiologic informa-
tion drawn from the movement of rein-
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deer from Siberia to Alaska can be
offered as substantiative evidence.

Wead (1937) reported that, due to the
combination of a severe winter in
1890-91 and a failure of the walrus to
return to coastal waters, the Eskimos of
King Island and the northern coastal
area of Alaska were facing starvation.
In fact, 200 Eskimos on King Island
perished from starvation that winter,
and those that survived subsisted on
dog meat and seaweed. To alleviate the
immediate starvation and to provide
the Eskimos with foundation stock for
a continuing source of meat and skins,
Congress authorized the captain of the
U. S. Revenue Marine cutter Bear to
purchase reindeer from Russia when the
ship was next in a Siberian port. In
1891, 10 reindeer were imported from
Siberia and in the following year an
additional 171 animals were transported
on the Bear from Siberia to Alaska. All
of the animals that were obtained in
Siberia were delivered to and cared for
by the newly established Alaskan Rein-
deer Station at Port Clarence, Alaska.
The herd population steadily increased
and by 1896 the animals were distrib-
uted among 3 reindeer stations. Dur-
ing 1896, 133 deer were herded south
to the Yukon to alleviate starvation
among the gold prospectors. In 1930-
1935, 2100 head of the reindeer were
driven from Alaska to the MacKenzie
Delta in Canada to provide a food
supply for Canadian Eskimos. Sig-
nificantly, Toshach (1955) isolated Bru-
cella from 2 Eskimos who normally re-
sided in northern Canada and suggested
reindeer as the possible source of these
infections. The serological and bio-
chemical characteristics described by
Toshach indicate that her strains were
similar to those isolated in Alaska and
Siberia.

Because of the recurrent threat of
starvation among peoples of the Arctic,

the importation of R. tarandus from
Siberia and their subsequent geo-
graphical distribution have been re-
markably well documented. Relative to
this knowledge of the movement of the
reindeer is the unanimity among Rus-
sian, American, and Canadian investi-
gators in their description of the charac-
teristics of the Brucella strains isolated
from the reindeer. In overall character-
istics these strains fit the species de-
scription of B. suis, but they are sero-
logically distinguishable from all other
biotypes of B. suts. The concomitancy
of these circumstances warrants the
conclusion that the organism inducing
brucellosis in reindeer in the Arctic
areas of North America and in Russia
are the same type and that the infec-
tion was imported initially from Siberia.

SUMMARY

Three strains of Brucella isolated
from Alaskan Eskimos were examined
by all the methods recommended by the
Subcommittee on Taxonomy of Brucella
of the International Committee on
Bacteriological Nomenclature and were
found to have characteristics that
identify them as members of the species
Brucella suis. By their biochemical fea-
tures, oxidative metabolic pattern, and
response to concentrated Brucella bac-
teriophage, they were indistinguishable
from B. suts type 3. Because they dif-
fered in the serological characteristic of
agglutinating with B. melitensis mono-
specific antisera as well as that of B.
abortus, the recommendation was made
that these strains and all others fitting
the same description be classified as
B. suis type 4.

Previous investigators had estab-
lished that the source of infection for
the Eskimos was direct contact with
infected reindeer, Rangifer tarandus.
Epidemiologic evidence was presented
showing that the initial source of infec-
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tion for reindeer in Alaska was importa-
tion of reindeer from Siberia.
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