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ABSTRACT: During the summers 1995/96, tox-
ic nephrosis was diagnosed in nine free-living
moose (Alces alces) from Aust-Agder County in
southern Norway. Histopathological kidney le-
sions included tubular degeneration and necro-
sis, tubular regeneration, and interstitial fibro-
sis. The disease was probably caused by inges-
tion of the toxic plants, bog asphodel (Narthe-
cium ossifragum) or oak (Quercus spp.).

Key words:  Alces alces, moose, Narthecium
ossifragum, nephrotoxisis, plant toxins, Quercus
spp., tannins, toxic nephrosis.

Nephrosis caused by various nephrotox-
ic compounds, is well described in domes-
tic ruminants (Maxie, 1993), whereas little
is known about the occurrence in wild ru-
minants including cervids. During many
years of routine diagnostic work at the Na-
tional Veterinary Institute (Oslo, Norway)
nephrosis has been diagnosed occasionally
in moose (Alces alces), but the cause has
not been elucidated. Herein, we report a
cluster of toxic nephrosis cases in moose
from Aust-Agder County, southern Nor-
way in 1995 and 1996, and discuss a pos-
sible cause of the disease.

The cases consist of nine moose found
dead or killed in a moribund state during
the periods 11 to 27 June 1995/96 (n = 7),
8 August 1995 (n = 1), and 6 September
1995 (n = 1). Five of these were adult fe-
males, two were juvenile males, one was a
female calf, and the sex and age of one
moose was unknown. The animals originat-
ed from the following municipalities in Aust-
Agder County (Norway): Vegdrdshei
(58°45’'N, 08°50'E) (n = 3), Froland
(58°30'N, 08°42'E) (n = 1), Risgr (58°40'N,
09°10'E) (n = 1), Gjerstad (58°53'N,

09°02'E) (n 1), Grimstad (58°21'N,
08°35'E) (n = 1), Arendal (58°27'N,
08°45'E) (n = 1), and Amli (58°42'N,

08°30'E) (n = 1).
Field necropsy and sampling of fresh

and formalin-fixed organ specimens for
laboratory examination were conducted by
local veterinarians. The organs sampled in
all cases comprised the kidneys and the
liver, and variably included the head and
specimens of the lungs, heart, intestine,
spleen, and bones. In the laboratory, fresh
organs were examined grossly and selected
samples were fixed in 10% buffered for-
malin. Laboratory and field fixed speci-
mens were embedded in paraffin, sec-
tioned at 5 wm, and stained with hema-
toxylin and eosin (H&E) for histological
examination (Culling et al., 1985). In ad-
dition, kidney sections were stained with
van Gieson (Culling et al., 1985) and pe-
riodic acid-Schiff (Bancroft and Stevens,
1990). Samples of liver and kidney from
five moose were digested in a mixture of
nitric and perchloric acid, and the cadmi-
um (Cd) and lead (Pb) contents were de-
termined by flame atomic absorption spec-
troscopy (Frgslie et al., 1986).

The main gross finding was pale kid-
neys, and some animals also had slightly
swollen kidneys. One moose had marked
edema in the lungs, the intestinal mesen-
tery, and subcutaneously in the head. Five
animals were emaciated.

Histopathological examination of the
kidneys revealed tubular epithelial cell de-
generation and necrosis (Fig. 1), occasion-
ally with dystrophic calcifications, and eo-
sinophilic material in the tubular lumina.
Also, epithelial regeneration, tubular dila-
tion, interstitial fibroblast proliferation,
and a moderate focal mononuclear cells
infiltration were found to a variable extent
(Fig. 2). In the two moose, upon which
necropsies were performed in late sum-
mer, a marked peritubular and periglom-
erular fibrosis was evident. No specific ex-
tra-renal lesions were found histopatholog-
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FIGURE 1.

Kidney (Glomerulus = G) of a female
moose calf with extensive tubular necrosis (t), focal
collapse and loss of the tubular basal laminae (ar-
rows). H&E. Bar = 50 um.

ically except extensive pulmonary edema
in one animal.

All five animals that were analyzed had
Pb concentrations below the detection lev-
el (<0.5 pg/g wet weight (WW)). The
range of Cd concentration was from <0.1
to 1.9 pug/g WW in the kidneys and from
<0.1 to 2.0 pg/g WW in the liver.

We conclude that the seven moose upon
which necropsies were performed in June
1995-96 had severe acute to subacute ne-
phrosis, whereas the two animals exam-
ined in late summer 1995 had severe sub-
acute to chronic renal damage. The renal
lesions were extensive in all nine animals
and probably lethal.

Of the numerous nephrotoxic com-
pounds described (Maxie, 1993), only a
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FIGURE 2. Kidney of an adult female moose
showing regeneration of tubular epithelium (arrows)
and peritubular fibrosis (F). H&E. Bar = 25 um.

few are of relevance for free-living moose
in Norway. These include heavy metals
like Cd and Pb as well as some toxic
plants. In the five animals analyzed, Pb
was not found and the Cd concentrations
were far below nephrotoxic levels (Elinder
et al., 1981). Thus, we propose that the
renal damage in moose in our study was
caused by ingestion of nephrotoxic plants.

The moose population in the two south-
ernmost counties of Norway, Aust- and
Vest-Agder, has increased dramatically
during the last decades, and has an esti-
mated average population density during
winter of 2 to 3 animals/km?2 (Stuve et al.,
1996). As a consequence, there has been
an excessive pressure on food resources,
and carcass weights and reproduction rates
have declined. The most preferred browse
has been heavily utilized, forcing moose to
feed on other plants, including potentially
nephrotoxic ones.

Radiotelemetric studies of the summer
browsing of moose in Aust-Agder have
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shown that 17 to 33 different plant species
are ingested in the period May to August
(Danielsen and Olsen, 1994; Damli and
Roer, 1995; Bjerga, 1996). Of these plants
oak (Quercus spp.), bog asphodel (Narthe-
cium ossifragum), and field sorrel (Rumex
acetosella) are reported to be nephrotoxic
to domestic ruminants (Humphreys, 1988;
Malone et al., 1992; Maxie, 1993; Flagyen
et al., 1995a, b, ¢). However, the nephro-
toxicity of field sorrel is associated with ox-
alate precipitation in the renal tubules
(Maxie, 1993), a finding that did not occur
in our material. Therefore, we consider in-
gestion of oak or bog asphodel the most
probable cause of nephrosis in our study.
The moose in Aust-Agder commonly in-
gest large quantities of oak (Danielsen and
Olsen, 1994; Damli and Roer, 1995), and
some animals also eat large amounts of
bog asphodel (Bjerga, 1996). Oak is
browsed throughout the year and bog as-
phodel is eaten from mid-June throughout
the rest of the summer (Bjerga, 1996).
Tannins are the potential nephrotoxic
substances in acorns, leaves, and buds of
oak (Humphreys, 1988). Robbins et al.
(1987) conclude that browsing ruminants
seem less susceptible to tannin toxicity
than do cows and sheep. Kumar and Vai-
thivanathan (1990) suggest that animals
which regularly consume tannin-rich
feeds, might have developed a defense
mechanism against dietary tannins. Rob-
bins et al. (1987) have found that mule
deer (Odocoileus hemionus) secrete pro-
line-rich proteins in saliva which constitute
the first line of defense against ingested
tannins by binding them. However, ob-
served deleterious effects imply that this
defense is not capable of handling high
quantities of dietary tannins (Kumar and
Vaithiyanathan, 1990). Acorn poisoning
was diagnosed in a fallow deer (Cervus
dama) that had consumed large amounts
of fresh oak acorns (Veal, 1979). We con-
clude that ingestion of large amounts of
fresh oak leaves which are available in ear-
ly summer, cannot be excluded as a pos-

JOURNAL OF WILDLIFE DISEASES, VOL. 35, NO. 1, JANUARY 1999

sible cause of toxic nephrosis in the moose
in our study.

Bog asphodel was the probable cause of
a large outbreak of nephrotoxicosis in graz-
ing cattle affecting 85 herds along the
coast of southern and western Norway in
1992 (Flagyen et al., 1995¢). A similar out-
break was reported in a cattle herd in
Northern Ireland in 1989 (Malone et al.,
1992). Experimental studies have con-
firmed nephrotoxic effect of bog asphodel
in both cattle (Malone et al., 1992;
Fliagyen et al., 1995b), sheep (Flagyen et
al., 1995a), and goats (Flagyen et al.,
1997). The kidney lesions described in
these studies were similar to those found
by us in moose. In our material, most cases
of nephrotoxicosis appeared during the
second half of June, when moose have
been known to start browsing on bog as-
phodel in Aust-Agder (Bjerga, 1996).
Thus, we suspect bog asphodel is the most
probable cause of the nephrosis in these
moose. The two animals examined in late
summer 1995, showing tubular necrosis
accompanied by marked fibrosis, possibly
represent cases of gradual renal failure fol-
lowing severe sublethal exposure earlier in
the summer, or repeated exposure
throughout a longer period of time. The
lack of cases with acute nephrosis later in
summer, when bog asphodel seems to be
an important part of the diet for some in-
dividual moose (Bjerga, 1996), could be
due to induced tolerance for N. ossifragum
nephrotoxin. Flagyen et al. (1995a) found
that lambs fed sublethal amounts of bog
asphodel for 10 days seemed to develop a
tolerance for the toxin. Experimental stud-
ies will be performed to clarify whether
bog asphodel and oak are nephrotoxic to
moose.

We thank the local veterinarians E.
Blakstad, F. Jansen, I. Nilsen, E. Ulven,
and M. Aartun, who conducted the field
necropsies and sampled the material for
laboratory examination. Thanks are also
due to local wildlife management author-
ities for their assistance.
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