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Abstract

Background Marmoset wasting syndrome (MWS) is one of the leading
causes of morbidity and mortality in captive marmosets, and thus far no reli-
able treatment has been found. Glucocorticoids are used widely to treat
inflammatory conditions of the GI tract such as human and feline inflamma-
tory bowel disease, which, such as MWS, are histologically characterized by
chronic lymphoplasmacytic inflammation in the intestines. Budesonide is a
glucocorticoid with few reported side effects due to the majority of it being
metabolized into inactive compounds by the liver before entering the sys-
temic circulation.

Method Eleven marmosets presented with antemortem signs consistent with
MWS and were treated with oral prednisone or budesonide for § weeks.
Results The marmosets in our study demonstrated a significant increase in
both weight and albumin levels (relative to pre-treatment values) after gluco-
corticoid therapy.

Conclusions Glucocorticoids are an effective therapy to ameliorate the clini-
cal signs associated with MWS with minimal side effects.

Introduction

Marmoset wasting syndrome (MWS) is one of the lead-
ing causes of morbidity and mortality in captive marmo-
sets. Its prevalence has been reported to be as high as
60% in captive colonies [21], but these ranges may be
misleading because one of the challenges surrounding
MWS is that the same label has been applied inconsis-
tently and to a dizzying array of disease processes. The
only clinical sign consistently attributed to MWS is
chronic weight loss, with concurrent alopecia and diar-
rhea also commonly reported, but paresis and paralysis
have also been attributed to MWS (Table 1). Associated
clinical pathology findings have included increases in
calprotectin and decreases in hematocrit, whereas others
have failed to find such changes and instead revealed
decreases in albumin (Table 1). Histologically, many
report a lymphoplasmacytic infiltration of the intestines,
but even here, there is disagreement, with at least one
report finding that neutrophils are the predominant
white blood cell in the intestines.
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While multiple groups have proposed etiologies and
targeted therapies, no consensus has emerged in the lit-
erature. Gluten sensitivity is one proposed cause, with
provision of a gluten-free diet appearing to ameliorate
gastrointestinal symptoms in some animals [18]. Even
within this study, however, only a fraction of the ani-
mals with clinical symptoms of MWS demonstrated glu-
ten sensitivity. MWS has also been linked to infestation
with  Trichospirura leptostoma, but these marmosets
showed hindlimb paresis without a decrease in albumin
or total protein, all of which contrast to most other pub-
lished descriptions of MWS. In our colony and others
[5, 20], marmoset wasting disease is associated with
weight loss and low serum albumin. In fact, a serum
albumin below 3.5 g/dl or a weight of <325 g has 92%
sensitivity, 100% specificity, and 100% positive predic-
tive value for postmortem lymphoplasmacytic inflam-
mation in the small and/or large intestines in our
animals [5]. Thus, body weight and serum albumin may
serve as useful markers of disease progression. Further,
with no consensus as to etiology or specific therapeutic

© 2015 The Authors. Journal of Medical Primatology Published by John Wiley & Sons Ltd. 53
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.


http://creativecommons.org/licenses/by-nc-nd/3.0/

Glucocorticoids in MWS

Otovic et al.

Table 1 This is a list of published studies that operationalized marmoset wasting syndrome and used it to define a study population

Citations Clinical signs Clinical pathology Significant histological findings
Beglinger Weight loss, emaciation, Anemia, T AST, T ALP, T ALT Pancreatitis with Trichospirura eggs
et al. [6] progressing to muscular
weakness, and hindlimb paralysis
Brack & Diarrhea, cachexia, and hindlimb N/A Pancreatic and renal fibrosis, lymphocytic
Rothe [7] paresis to paralysis inflammation and tubular degeneration of kidneys,
and hepatic hemosiderosis
Kuehnel Chronic diarrhea, weight loss, poor N/A N/A
et al. [18] fur condition, and tail alopecia
Baxter Weight <325 g, weight loss >0.05%  Albumin <3.5 g/dI Chronic mild inflammation of 2 or more intestinal
et al. [B] peak weight per day segments or chronic moderate or severe
inflammation in one intestinal segment
Nakashima  Persistent high-viscosity diarrhea for  Fecal occult blood positive, Neutrophilic infiltrate in colon and apoptosis
et al. [23] at least 2 weeks hematocrit, *calprotectin, higher
WBC than control group
Logan & Weight loss, muscle atrophy, and Macrocytic normochromic Chronic active colitis with loss or tortuous, branching
Khan [20] tail alopecia anemia, TALP, I ALB, {TP, crypts
Tplatelets
Lewis Poor weight gain, anorexia, alopecia, Anemia N/A
et al. [19] and transient diarrhea
Barnard 30% weight loss, alopecia, chronic N/A N/A
et al. [3] diarrhea, and muscle atrophy
Shimwell Failure to thrive and generalized t CK, 1 AST, | albumin N/A
et al. [28] weakness in weanlings
King [17] Weight loss, unkempt hair coat, stiff = N/A N/A
movement in hindlimb, tail base
alopecia, selective eating
Chalifoux 25-50% weight loss N/A Within colon/cecum: decreased goblet cells, crypt
et al. abscesses, karyorrhexis and/or atypia of the
(1982) [10] epithelium, infiltration of lamina propria with

mononuclear cells and/or neutrophils

target for MWS, treatment might best be directed at the
common clinical and pathological symptoms upon
which most descriptions agree, namely GI inflammation
and weight loss.

Glucocorticoids are arguably the most effective
treatment for inducing remission in humans with
inflammatory bowel disease (ulcerative colitis and Cro-
hn’s disease), with remission rates up to 89% [27].
While prednisone is one example of an effective gluco-
corticoid, there are several adverse side effects associ-
ated with its use [11]. In humans, one of the most
common side effects associated with prednisone use is
osteopenia [9]. This is especially problematic in mar-
mosets affected with MWS in our colony, as marmo-
sets with MWS are over seven times more likely to be
concurrently afflicted with metabolic bone disease and
corresponding loss of bone density [5], a finding that
has been mirrored elsewhere [15]. Budesonide is a
glucocorticoid with few reported side effects, which
largely result from up to 90% of it being metabolized
into inactive compounds by the liver before entering
the systemic circulation [2]. In addition, budesonide

has a 15-200 times greater affinity for glucocorticoid
receptors than prednisolone. Thus, budesonide primar-
ily exerts its actions in the GI tract by altering the
production of IL-6, IL-1, NF-xB, and TNF-a [4].

This study aimed to examine the efficacy of glucocor-
ticoid therapy and specifically budesonide on MWS and
predicted that the anti-inflammatory effects of such
therapy would reverse the weight loss and decreases in
serum albumin levels seen in our animals with MWS.

Materials and methods

Humane care guidelines

All experimental procedures were approved and over-
seen by the Institutional Animal Care and Use Commit-
tee of Johns Hopkins University. Strict adherence to the
Guide for the Care and Use of Laboratory Animals by
the National Institutes of Health, the Animal Welfare
Act by the United States Department of Agriculture,
and the Weatherall report by the Medical Research
Council was observed.
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Study animals

As in [4, 5], all marmosets in this study were between the
ages of 2 and 6 years of age and housed in family units,
in pairs, or singly as part of a large breeding and experi-
mental colony at Johns Hopkins University, an Associa-
tion for Assessment and Accreditation of Laboratory
Animal Care International (AAALAC)-accredited insti-
tution. Animals were permitted ad [libitum access to
water and were fed a complete and balanced diet con-
sisting of a custom homogenized blend of Teklad 8§794N
New World Primate Diet (Harlan Laboratories, India-
napolis, IN, USA), Zupreem 9920 CS canned marmoset
diet (Shawnee, KS, USA), and Bio-Serv Newberne
Hayes Vitamin Mix (San Diego, CA, USA), supple-
mented with various fruits and yogurt. Environmental
enrichment in the form of visual and auditory contact
with conspecifics, complex environments, and manipu-
landa were provided to all marmosets. Experienced
animal care technicians observed animals at least once
daily and more often if necessitated by experimental or
medical need. The Johns Hopkins University Research
Animal Resources veterinarians diagnosed, treated,
and/or managed any medical illness or injury in the
marmosets, and if euthanasia due to disease was
warranted, marmosets were euthanized with an intrave-
nous overdose of Euthasol (Virbac Corporation, Fort
Worth, TX, USA) under deep ketamine anesthesia.

Marmosets presenting for progressive weight loss,
adult body weight of <325 g, alopecia, or diarrhea
received a physical exam, complete blood count, and
serum chemistry, and fecal flotation and cultures were
performed. The blood was collected from the femoral
vein using 25-gauge needles, stored in lithium heparin
tubes, and analyzed using a Hemavet 950 hematology
analyzer (Drew Scientific Inc, Oxford, CT, USA) and
vetACE chemical analyzer (Alfa Wassermann, West
Caldwell, NJ, USA). The fecal flotation was performed
in house using zinc sulfate solution to detect the pres-
ence of parasites such as Giardia, Cryptosporidium,
Toxoplasmosis, and nematodes. Fecal cultures were
submitted to detect the presence of Klebsiella spp,
EPEC, Campylobacter spp, Yersinia spp, and Shigella
spp. Although we did not specifically rule out Tricho-
spirura infestation in individual cases, the vast majority
of animals from this long-standing colony receive
complete necropsies upon euthanasia or death, and this
parasite has never been found in our facilities.

Animals were included in this study if their body
weight was <325 g and their serum albumin was <3.5 g/
dl [5]. The body weight and albumin levels must have
remained below their respective thresholds for at least
two consecutive samples, drawn 2 weeks apart.
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Budesonide therapy

Eleven animals met these inclusion criteria and were
begun on glucocorticoid therapy. Prednisone was used
as the initial treatment for four animals, starting at a
once-daily oral dose of 1 mg/kg that was then
adjusted according to response to therapy. All of
these animals were subsequently switched to treatment
with budesonide. The remaining seven animals
received budesonide as their only therapy. Regardless
of when budesonide therapy was begun, it was initi-
ated at 0.5 mg per animal orally once per day for
8 weeks. If after the initial 8 weeks an animal had
not responded to therapy (i.e., still met inclusion crite-
ria), the dose was increased to 0.75 mg and the ani-
mal followed for an additional 8 weeks. The
budesonide was compounded into a pina colada-fla-
vored liquid suspension by Kaye’s Pharmacy (Balti-
more, MD, USA). Serum albumin and body weight
were measured every 2 weeks during treatment.

Statistical analysis

All analyses were performed with a two-tailed repeated
measures t-test using the STATA STATISTICAL software
(StataCorp LP, College Station, Texas USA) package.
For each individual animal, a mean of all available
weight and serum albumin values prior to treatment was
used as the ‘baseline’ condition, and this was compared
to a mean of all values collected during treatment,
regardless of duration or drug sequence. A Bonferroni
correction for multiple comparisons was applied to base
criteria for significance of P < 0.05. An ABAB single-
subject research design and graph were used to depict
the results from one of the study marmosets that hap-
pened to relapse after the cessation of the first 8-week
course of glucocorticoid therapy. These data do not lend
itself to statistical analysis and instead are presented in
graphical form for visual inspection. However, this
design allows the replication of both control and treat-
ment conditions and encourages multiple data points to
be collected and interpreted within each condition with-
out being obscured via summary statistics.

Results

The results of a repeated measures t-test revealed that
marmosets in our colony had a higher mean weight
(M = 318.03 g) during treatment with glucocorticoids
than they did prior to treatment [M = 287.75 g, t(10)
=2.75, P = 0.021]. Concordantly, a repeated measures
t-test substantiated that marmosets had a high albumin
during glucocorticoid therapy (M = 3.86 g/dl) than they
did before treatment was initiated [M = 2.80 g/dl, t
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Table 2 Mean weight and albumin levels for each of the 11 marmosets included in our study both before and during glucocorticoid therapy

Mean weight (g)

Mean albumin (mg/dl)

Animal Pre-treatment During treatment Pre-treatment During treatment
A 255 346 2.35 4.53
B 293 321 2.95 3.81
C 253 310 2.50 3.85
D 249 304 2.93 4.22
E 288 308 3.33 4.15
F 318 277 3.17 3.48
G 335 340 2.83 3.58
H 300 324 2.85 4.23
| 290 281 3.30 3.52
J 273 317 2.43 3.35
K 313 372 2.15 3.78
Group means 288 318 2.80 3.86
SE 8.50 8.31 0.12 0.11

All weights are in grams and albumin is in milligrams per deciliter. SE, standard error.

(10) = 6.23, P = 0.0001]. These results are depicted in
Table 2.

The results from one marmoset using a single-subject
(ABAB) design are depicted in Figs 1 and 2. The graphs
reveal stable and substantial increases in albumin
(Fig. 1) and body weight (Fig. 2) in response to gluco-
corticoid therapy and decreases in both parameters after
the cessation of therapy.

Discussion

The results of this study suggest that oral glucocorticoid
therapy ameliorates decreases in the two diagnostic
parameters most closely associated with MWS, body
weight, and serum albumin. The lymphoplasmacytic
inflammation found in the intestines of our marmosets
with MWS shares histological characteristics with
inflammatory bowel disease of dogs, cats, and humans,
where oral glucocorticoids, most often in the form of
prednisone, are the first-line therapy in mild to moderate
cases. Although some research suggests that prednisone
is more effective for inducing remission than budesonide
[27], the side effects of prednisone administration make
this drug less ideal and can include polyuria, polydipsia,
polyphagia, redistribution of fat, thinning of skin, oste-
openia, increased susceptibility to infections, and hyper-
glycemia [11]. There is evidence that budesonide, a drug
with fewer systemic affects due to high ‘first pass’
metabolism in the liver, is effective at inducing remission
in humans with mild to moderate ulcerative colitis [16],
microscopic colitis [22], and Crohn’s disease [27]. Fur-
ther, budesonide has been observed to reduce disease
activity indices or induce clinical improvement and has
been observed in dogs with signs of gastrointestinal

inflammation [13, 24], in murine experimental models of
colitis [1], and anecdotally in cats with inflammatory
bowel disease [30].

Unlike prednisone, which has fairly well-established
dosing guidelines, there is no established dosing guide
for budesonide therapy in any animal species, and dose-
dependent efficacy varies greatly. For instance, humans
with IBD have needed anywhere from 3 to 18 mg per
day [2], while dogs have been given doses from 1 to
9 mg per day [13, 24], and mice have been administered
doses ranging from 0.168 to 0.5 mg/kg [1, 26]. While
feline doses have not been published in the literature,
clinical guidelines suggest doses of 1-2 mg per animal
daily [30]. It is worth noting that in mice, it has been
demonstrated that higher doses are not necessarily more
effective, but are more likely to cause adverse side effects
[1, 26]. Moreover, humans are more likely to respond to
treatment with a higher concentration once per day than
they are to the same dose split and given every 12 hours
[8]. Thus, it is plausible that marmosets would also fol-
low these trends. While our dosing of 0.5 mg per animal
was somewhat arbitrary, this dose was based upon per
animal clinical dosing guidelines used in cats and dogs.

While budesonide is a relatively effective drug for
inducing remission in humans with IBD, neither it nor
prednisone is very effective at maintaining remission [2,
27, 29]. Azathioprine, 6-MP, and methotrexate are used
to maintain remission in Crohn’s disease, and any of
these drugs or aminosalicylates are effective at maintain-
ing remission in ulcerative colitis [29]. The relapse rate
for patients treated with budesonide therapy has been
reported to be as high as 67% [14]. Thus far we have
had one marmoset relapse approximately 2 months
after the cessation of budesonide therapy. This animal
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Albumin levels as a function of glucocorticoid therapy
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Fig. 1 Change in albumin levels in one marmoset depending on its treatment status.

Prior to therapy, albumin was below 2.0 g/dl. It steadily

increased while being administered glucocorticoids and then sharply declined after the cessation of treatment. After treatment was re-initiated,
albumin levels returned to the same level they were during the initial treatment period.

Body weight as a function of glucocorticoid therapy
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Fig. 2 Body weight changes in one marmoset varied with treatment status. This marmoset’s weight declined before glucocorticoid therapy
was initiated and increased during the treatment. After discontinuing the first round of treatment, the marmoset’s weight declined again and

was ameliorated when glucocorticoids were readministered.

responded well to a second 8-week course and is
currently being maintained on 0.125 mg per day with no
adverse consequences (Figs 1 and 2). Of 11 marmosets
that have been treated, six have ceased therapy (some
for as long as 6 months) and continue to thrive.
Although this study demonstrates the usefulness of
budesonide as therapy for animals with chronic
MWS, our clinical experience using budesonide for
animals with more acute forms of GI illness has failed
to produce similar results. In three cases, we initiated
budesonide therapy to animals showing acute signs of
gastrointestinal illness but not meeting the criteria for
inclusion in this experiment. These three animals all
died within a week of presentation despite budesonide
therapy. However, remission rates and/or clinical
improvement resulting from budesonide treatment can
be as low as 18% in humans while still being more

J Med Primatol 44 (2015) 53-59
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effective than placebo or other drugs. Moreover, bu-
desonide is typically only indicated for mild to moder-
ate forms of IBD in humans and thus is unlikely to
be successful in the acute management of end stage
disease [2, 25]. Other forms of therapy, which include
TNF-o inhibitors, intravenous methylprednisolone,
and cyclosporine, are more appropriate for refractory
or severe IBD in humans and might be useful in such
acute marmoset cases [12, 29]. However, TNF-a
inhibitors may be cost prohibitive, limiting their avail-
ability in most vivaria.

It is possible that budesonide treatment increased
weight and albumin via mechanisms other than by
reducing gastrointestinal inflammation. For instance, it
is possible that the budesonide worked by simply
increasing appetite as is seen with prednisone adminis-
tration. While we cannot definitively rule this out, this is
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not a common side effect of budesonide in humans or
dogs [11, 13]. Another possibility is that the animals
included in this study would have improved regardless
of budesonide therapy. However, this is not likely
because MWS is known as a uniformly progressive dis-
ease without treatment, and these animals met previ-
ously established diagnostic criteria for MWS [3].
Additionally, in the one animal that was observed to
relapse after the cessation of budesonide therapy, rein-
stitution of budesonide treatment again reversed this
animal’s decline.

In conclusion, glucocorticoid therapy has demon-
strated substantial potential to ameliorate clinical signs
of MWS in our colony. Further, budesonide is an
effective choice of glucocorticoid and is preferable to
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